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FOREWORD

Early in 1971 an ad hoc committee was formed by action of the ASME Codes and Standards
Policy Board to develop design rules for pressure vessels for human occupancy. The importance

of this task was soon recognized, and the ASME 5Satety Code Committee on Pressure Vessels tor
Human Occupancy (PVHO) was established in 1974 to continue the work of the ad hoc committee.
Initially, this committee was to confine its activity to the pressure boundary of such systems: It
was to reference existing ASME Boiler and Pressure Vessel Code (BPVC) sections, insofar as
practicable, adapting them for application to pressure vessels for human occupancy. The.common
practice hitherto has been to design such chambers in accordance with Section VIH-Bivision 1,
of the ASME BPVC; however, a number of important considerations were not-cqvered in those
rules. Among these were requirements for viewports and the in-service usé<of pressure relief
valves, and special material toughness requirements. This Standard provides the necessary rules
to supplement that section, and also Section VIII, Division 2, of the BEVC: The user is expected
to be familiar with the principles and application of the Code sectians:

BPVC criteria furnish the baseline for design. In PVHO-1, desigrxtemperature is limited to 0°F
(-18°C) to 150°F (66°C). Supporting structure and lifting loads are ‘given special attention. Certain
design details permitted by Section VIII are excluded. A/major addition is the inclusion of
design rules for acrylic viewports (Section 2). The formulatiorn of rules for these vital and critical
appurtenances was one of the reasons for establishing the RPVHO Committee. Finally, all chambers
designed for external pressure are required to be subjected to an external pressure hydrostatic
test or pneumatic test.

The 2007 edition has been completely rewritten‘and reformatted from the 2002 edition. Section 1,
General Requirements, is intended to be used*for all PVHOs, regardless of use. The rules for
external pressure design have been expandéedto include unstiffened and ring stiffened cylinders,
in addition to spheres. New additions are the sections pertaining to application specific PVHOs.
Sections are included for medical hyperbaric systems, diving systems, submersibles, and quality
assurance. The piping section has been expanded. Where possible, Mandatory Appendices have
been incorporated into the body*of the document. All forms have been revised to reflect the
document (PVHO-1), an abbreyiation denoting the corresponding section (e.g., General Require-
ments is GR), and the form\humber within that Section. An example is PVHO-1 Form GR-1.

There is still important work being accomplished by the Subcommittee in the areas of PVHOs
utilizing nonstandard-materials including nonmetallic PVHOs and expanding post construction
considerations. A.companion document (PVHO-2) that covers in-service guidelines for PVHO
acrylic windows-has been published.

The 2007_edition was approved and adopted by the American National Standards Institute as
meeting {he'criteria as an American National Standard on June 20, 2007. Previous editions were
published in 1977, 1981, 1984, 1987, 1993, 1997, and 2002.
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CORRESPONDENCE WITH THE PVHO COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the
consensus of concerned interests. As such, users of this Standard may interact with the Committee
by requesting interpretations, proposing revisions, proposing PVHO cases and attending Commit-

tee mppfingq Fnrrptpnndpnrp should be addressed to-

Secretary, PVHO Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard to incorpgdrate changes
that appear necessary or desirable, as demonstrated by the experience gained from the application
of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such-proposals should be
as specific as possible, citing the paragraph number(s), the proposed wording, and a detailed
description of the reasons for the proposal, including any pertinent dgcumentation.

Interpretations. Upon request, the PVHO Standards Committee/will render an interpretation
of any requirement of the Standard. Interpretations can only be réndered in response to a written
request sent to the Secretary of the PVHO Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.

Edition: Cite the applicable edition of the Standard for which the interpretation is
being requested.

Question: Phrase the question as a request for an interpretation of a specific requirement

suitable for general understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings, which’ are necessary to explain the question; however, they
should not contain proprietary names or information.

Requests that are not in thistformat will be rewritten in this format by the Committee prior
to being answered, which may inadvertently change the intent of the original request. ASME
procedures provide for reconsideration of any interpretation when or if additional information
that might affect an interpretation is available. Further, persons aggrieved by an interpretation
may appeal to the ¢ognizant ASME Committee or Subcommittee. ASME does not “approve,”
“certify,” “rate,” Or fendorse” any item, construction, proprietary device, or activity.

PVHO Cases.<The ASME PVHO Committee issues Cases. Although PVHO Cases do not consti-
tute formal-reyisions of the Standard, they may be used as representing considered opinions of
the PVHO.€ommittee. Once approved, Cases are posted on the ASME PVHO Committee Web
page at/http://cstools.asme.org and are subsequently published with the next edition of this
Standard. PVHO Cases are not part of the Standard and are included for information only
following the nonomandatory appendices.

Requests for PVHO Cases shall provide the following:

(a) Statement of Need. Provide a brief explanation of the need for the revision(s) or addition(s).

(b) Background Information. Provide background information to support the revision(s) or addi-
tion(s) including any data or changes in technology that form the basis for the request that will
allow the Committee to adequately evaluate the proposed revision(s) or addition(s). Sketches,
tables, figures, and graphs, should be submitted as appropriate. When applicable, identify any
pertinent paragraphs in the standard that would be affected by the revision(s) or addition(s)
and paragraphs in the standard that reference the paragraphs that are to be revised or added.
Furthermore, the proposed Case should be written as a question and a reply in the same format
as existing Cases. Requests for PVHO Cases should also indicate the applicable edition to which
the proposed Case applies.
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Errata. ASME issues errata (corrections to errors introduced in the Standard during the publish-
ing process; e.g., typographical errors, misspellings, grammatical errors, incorrect publication of
revisions). Once approved, errata are posted on the ASME PVHO Committee Web page at http://
cstools.asme.org and are subsequently published with the next edition of the Standard.

Attending Committee Meetings. The PVHO Standards Committee regularly holds meetings,
which are open to the public. Persons wishing to attend any meeting should contact the Secretary
of the PVHO Standards Committee.
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IN MEMORIAM

The PVHO Committee wishes to acknowledge three of our Charter members who died unex-
pectedly during the production of this edition; they were major contributors to PVHO for more

than 20 years. Audley L. (Len) Aaron died in October 2004, Edward M. briggs died in December
2005, and Jerry D. Stachiw died in April 2007.

Aaron was a major contributor to the development of this document. In addition, he supported
PVHO as a tireless contributor, Subcommittee Chair, Standards Committee Vice Chair, and Charter
member. His presence, as well as his continual guidance to the committee that “less is~more”
when it comes to the wordiness of our documents, will be truly missed.

Briggs was an active member from 1975 until his death in 2005. He served as\Standards
Committee Chair from 1980 until 1991 and as a member of the Board of Pressuxé Technology
from 1982 to 2001. He will be kindly remembered as the “resident friendly cufmiudgeon” of the
group and the person who kept PVHO pointed in the right direction.

Stachiw had been a driving force behind PVHO since its inceptions~-PVHO established its
uniqueness by providing reliable and certifiable acrylic window cofifigurations. Most of the
information used for PVHO windows was generated by Stachiw,from work he accomplished
while with the Navy and as a world-recognized consultant in PVYHO window technology. He
served for 35 years on the committee and was an Honorary Member since 1987. He continued
to attend meetings and contributed to the technical advanceient of the current edition of PVHO-
1. Stachiw also provided valuable input to the development of PVHO-2.

Xii
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SUMMARY OF CHANGES

Foltowingapprovat by the ASME PVHOCommittee and ASME, amd after pubtic Teview;,

ASME PVHO-1-2007 was approved by the American National Standards Institute on June 20, 2007

ASME PVHO-1-2007 has been revised in its entirety.

SPECIAL NOTE:

The cases to PVHO-1 follow the last page of this edition. The cases, however{are not part of the
Standard itself.

xiii
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ASME PVHO-1-2007

SAFETY STANDARD FOR PRESSURE VESSELS FOR
HUMAN OCCUPANCY

1-1 INTRODUCTION

This Standard defines the requirements that are appli-
cabjle to all Pressure Vessels for Human Occupancy
(PVHOs) fabricated to this Standard and shall be used in
cornjjunction with specific requirements in other Sections
and mandatory appendices of this Standard.
HVHOs shall be designed, fabricated, inspected,
tesfed, marked, and stamped in accordance with the
reghirements of this Standard and of the ASME Boiler
and Pressure Vessel Code (Code), Section VIII unless
othprwise permitted within this Standard.

Inh-service requirements for PVHOs are found in
ASME PVHO-2.

to, [submersibles, diving bells, personnel transfer cap-

(a) shells of revolution

(b) openings and their reinforcements
(c) nozzles and other connections

(d) flat heads

(e) quick actuating closure

(f) vessel penetrations

(¢) attachments and supports

(h) access openings

(i) viewports

Copyright ASME International
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Section 1
General Requirements

(j) pressure relief device$
(k) pressure-retaining‘covers for vessel openjngs

1-2.3 Limitations

The pressuréboundary of the PVHO shalll be as
follows:
(a) welding end connection for the first circumferen-
tial joint for' welded connections
(b)the first threaded joint for screwed conngctions
(e)-the face of the first flange for bolted, flanged con-
nections
(d) the first sealing surface for proprietary [connec-
tions or fittings

1-3 EXCLUSIONS

The following types of vessels are excluded ffom this
Standard:

(a) nuclear reactor containments

(b) pressurized airplane cabins

(c) aerospace vehicle cabins

(d) caissons

1-4 USER REQUIREMENTS

It is the responsibility of the user, or an agerjt acting
for the user who intends that a PVHO be designed,
fabricated, inspected, tested, marked, stamped, pnd cer-
tified to be in compliance with this Standard, to[provide
or cause to be provided for such PVHO, a User’$ Design
Specification. The User’s Design Specification ghall set

orth the intended operating conditions of the AIVHO to
provide the basis for design. It shall identify the external
environment to which the PVHO will be exposed, the
intended function of the PVHO, mechanical loads
imposed on the PVHO, specific installation require-
ments, and applicable codes and standards.

1-5 MANUFACTURER’S DATA REPORT

The Manufacturer or a designated agent shall make
design calculations and prepare a Manufacturer’s Data
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Report stating that the design, as shown on the design
drawings, complies with this Standard and the User’s
Design Specifications.

A Registered Professional Engineer, or the equivalent
in other countries, shall certify that the Manufacturer’s
Data Report is in compliance with this Standard and
the User’s Design Specification.

1-6 MATERIAL

All PVHO materials shall meet the requirements of
this Stahdard.

Presspire vessel metallic material shall meet the speci-
fied Diyision of Section VIII of the Code. Nonstandard
materials shall be qualified for use as defined in Non-
mandatory Appendix D. The following materials shall
not be fised for pressure parts: SA-36, SA-283, SA-515,
and cast and ductile iron.

Ferrous materials for PVHOs shall also comply with
the follpwing requirements:

(a) Ekcept as provided for in paras. (b), (c), (d), or (e)
below, drop-weight tests in accordance with ASTM E 208
shall bejmade on all wrought and cast ferrous materials.
For plates, one drop-weight test (two specimens) shall
be madp for each plate in the as-heat-treated condition.
For prdduct forms other than plate, one drop-weight
test (twp specimens) shall be made for each heat in any
one tredtment lot. The sampling procedure for each form
of matdrial shall comply with the requirements of the
specifichtions listed in the Code in either Table UG-84.3
or Tabl¢ AM-204.3, as applicable. The test shall be con-
ducted st a temperature 30°F (17°C) lower than the mini-
mum témperature for seamless and postweld heat-
treated |vessels, and 50°F (28°C) lower for as-welded
vessels.| The two specimens shall bothwexhibit no break
perfornjance.

(b) When, due to the material thickness or configura-
tion, dfop-weight specimens.dannot be obtained,
Charpy| V-notch tests shall-be-conducted. The Charpy
V-notcH test of each form of material shall comply with
the reqpirements of theé-specifications listed in either
Table UYG-84.3 or Table'AM-203.3, as applicable, in all
respectqd, except the test temperature shall not be higher
than that specified in para. (a) above.

(c) Ab arCalternative to the requirements of para. (a)
above, those materials listed in Table A1.15 of Section

tests of paras. (a), (b), and (c) above provided these
materials are either of the following:
(1) normalized, fully killed, and made in accor-
dance with fine grain practice
(2) fully killed, made in accordance with fine grain
practice with a grain size of 5 or finer, and an operating
temperature of 50°F (10°C) or higher
(e) The additional toughness tests of paras. (a), (b),
i ¢ injess
steels.
(f) When the material has a specified minimium yjeld
strength exceeding 60 ksi (414 MPa), weld metal pnd
heat-affected zone impact properties for weld procedure
qualifications and weld production tests/shall also mpeet
the requirements of the specified Division of Section VIII
of the Code at a test temperaturé 30°F (17°C) lower than
the design temperature, regdrdless of the value of|the
design minimum temperatute.
PVHOs constructed ‘o ferrous materials that|are
exposed to the corrosivé effects of marine environments
shall have provisions' made for the desired life by a
suitable increasedin the thickness of the material gver
that required by.the design procedures, or by using s¢me
other suitable method of protection.

1-7C-DESIGN AND FABRICATION REQUIREMENTS
1-7.1 Joint Design

The design and fabrication shall be in accordance with
the specified Division of Section VIII of the Code and| the
following requirements common to all PVHOs, unlless
otherwise permitted within this Standard:

(a) All joints of Categories A, B, and C shall be
Type No. 1 of Table UW-12 for Section VIII, Divisign 1
vessels or shall comply with AF-221 for Section VIII,
Division 2 vessels.

(b) All joints of Category D shall be full penetration
welds extending through the entire thickness of the yes-
sel or nozzle wall. Backing strips shall be removed

(c) Intermediate heads may be designed in ac¢or-
dance with Fig. UW-13.1(f) for Section VIII, Divisi¢n 1
vessels only when the following conditions are me}:

(1) The allowable stress used in the calculationq for
the intermediate head and for the shell that the interme-
diate head is attached to, shall be 70% or less of|the

II, Part A, SA-20, of the Code may be accepted on the
basis of Charpy V-notch testing. Testing shall be in accor-
dance with the procedures contained in the specified
Division of Section VIII of the Code, except that the
acceptance criteria for plate shall be from each plate as
heat treated. The test temperature shall not be higher
than that specified in para. (a) above regardless of the
temperature shown in Table A1.15 of SA-20.

(d) Ferrous materials that are 0.625 in. (16 mm) or less
in thickness are exempt from the additional toughness
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allowable stress found in Section II, Part D of the Code.
This reduced allowed stress shall apply to the shell only
for a distance measured parallel along the shell of
2.5 times the square root of shell mean radius times the
shell thickness from the centerline of the butt weld to
either side [reference Fig. UW-13.1(f) of the Code].

(2) The flange of the intermediate head shall be at
least 1% in. (38 mm) long and shall be welded to the shell
with a minimum fillet weld of t,/2 or % in. (6.4 mm),
whichever is less.
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(3) The butt weld shall be 20% or less of the allow-
able stress value for the vessel material [reference
UW-13(c)(2)].

(4) In addition to the strength requirements of
para. 1-7.1, stiffener rings or other attachments, exposed
to a corrosive environment, shall be seal welded by
welds that are continuous on all sides.

1-7.2 Welding

(a) Penetrators shall be constructed of material suit-
able for the intended service and compatible with the
vessel shell material.

(b) Penetrators shall be of either standard piping com-
ponents or of a port and insert construction. See Non-
mandatory Appendix B, Figs. B-2-1 and B-3-1.

(c) Where a penetrator is of the port and insert con-
struction, the insert shall be constructed of ASME PVHO

material

ressure vessel welding shall be performed in accor-
danjce with Section IX of the ASME Code.

1-7.3 Nondestructive Testing

1 nondestructive testing shall conform to Section V
of the ASME Code.

(§) All Category A, B, and D butt welds shall be 100%
radfiographed. All Category C and D corner welds shall
be 100% ultrasonically examined. Both the above radio-
graphic and ultrasonic inspection shall be performed in
accprdance with Section VIII of the Code.

(p) PVHO vessels that incorporate an intermediate
head per para. 1-7.1(c) shall be inspected as follows:
(1) The butt weld joint shall be 100% radiographed
and 100% ultrasonic examined per the requirements of
Diyjision 1.

(2) The butt weld, fillet weld, and/or seal weld
shalll be examined after hydrostatic test in accordance
with para. (d) below.

(¢) The reverse side of the root pass of double welded
joirlts must be sound. This must be shown by MT or'\PT
examination. If necessary, chipping, grinding, ermelt-
ingtout may be required to assure sound metal. Weld
metal shall then be applied from the reyeérse’side.

(f) After hydrostatic tests, all pressure retaining
welds and/or seal welds shall be_éxamined in accor-
dance with the requirements for either magnetic particle
examination (Section V, Article 7;0f the Code) or liquid
perjetrant testing (Section (V,, Article 6, of the Code).
Thg acceptance criteria shall be those of the applicable
reqpirements of Sectieh VIII of the Code.

=

1-714 Electrical Outfitting

All electrical'penetrators through the pressure bound-
ary[shall beésujtable for the environment in which it will
opqrate in.order to minimize the risk of fire, explosion,
ele¢tric-shock, emission of toxic fumes to personnel, and

(d) Sealing surfaces of elastomer sealed-perfetrators
shall be protected from corrosion effects:

(e) Penetrators incorporating piping or commercial
components shall be rated by the manufacturpr to be
suitable for the intended design pressure and t¢mpera-
ture and meet the testing requiréments of para{1-7.8 of
this Standard.

(f) Penetrators and inSerts shall be tested if accor-
dance with para. 1-7.8:

Portions of the insert that become part of the pressure
boundary shall be tested to the same pressure fequired
for the PVHO. Portions of the insert that are syibject to
greater pressure than the pressure boundary phall be
tested irfaccordance with the requirements of S¢ction 4.

(g)~Where applicable, penetrations of the fjressure
botthdary including piping, windows, manwdys, and
seétvice locks shall conform to the reinforcement frequire-
ments of the ASME Code, Section VIII, Divisjon 1 or
Division 2.

1-7.7 Inspection

All PVHOs and processes used in their manpifacture
shall be inspected in accordance with the manufdcturer’s
quality assurance system in accordance with Section 3
of this Standard.

1-7.8 Testing

All PVHOs and pressure retaining compomnents of
PVHOs shall demonstrate structural integrity fhrough
testing according to the applicable section of this Stan-
dard and/or the specified Division of Section| VIII of
the Code.

1-7.9 Documentation

A copy of the Manufacturer’s Data Report] PVHO
Form GR-1, and Forms U-1 and U-2 for PVHOS4 built to

galtanic action on the pressure boundary.

Electrical penetrators and equipment shall not be
damaged by pressurization and depressurization of the
PVHO to operating pressures.

1-7.5 Viewports

Viewports shall conform to Section 2 of this Standard.

1-7.6 Penetrations

Penetrations of the pressure boundary shall comply
with the following:
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Section VIII of the Code, shall be furnished to the user
or his designated agent. The Manufacturer shall retain
a copy of the Manufacturer’s Data Reports and PVHO
Form GR-1 and all viewport supporting documents per
Section 2 on file for at least 5 years from date of manufac-
ture. Nondestructive testing documentation shall meet
the requirements of Section V of the ASME Code. Docu-
mentation shall also include

(a) instructions critical to the maintenance of the
PVHO
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(b) instructions critical to the operation of the PVHO

(c) the vessel coating information

(d) stamping

(e) standards used

(f) seal and gasket sizes and materials

(g) assembly drawings

(h) user design specification

(i) ev1dence of successful completion of test(s)
requireg

1-7.10 |Piping

Unlegs otherwise permitted within this Standard, pip-
ing sha]l conform to the requirements of Section 4 of
this Stahdard.

1-7.11 |Opening Reinforcements

All opening reinforcements shall be integral with the
nozzle pnd/or shell. Reinforcement pads are not per-
mitted.

1-7.12 |Brazed or Riveted Construction

Brazdd or riveted construction is prohibited on the
pressurg boundary.

1-7.13 |Design

1-7.13.1 General. All external pressure hulls,
regardl¢ss of the design rules used, will be subjected to
an exflernal pressure test in accordance with
para. 147.13.6(a).

This [paragraph provides alternative rules to.those
given if Section VIII, Division 1, UG-28, UG-29, and
UG-33,| or Section VIII, Division 2, Article jD-3, for
determining allowable compressive stresses.and associ-
ated allpwable external pressure for unstifféned and ring
stiffenefl circular cylinders, and the-minimum required
thickngss for unstiffened spheres-and spherical and
ellipsoiflal heads. The use of these‘alternative rules may
result ih a chamber designthat is lighter weight than
that using the rules of Se¢tion VIII, Divisions 1 and 2.
When ysed, this paragraph shall be made applicable to
the entire vessel.

The Rull design'must consider all load conditions in
addition to exterfial pressure loadings. These loading
conditigns hall include, but are not limited to, those
specified inDivision 1, UG-22 and Division 2, AD-110.

The reinforcement for openings in vessels that do not
exceed 10% of the cylinder or head diameter or 80% of
the ring spacing into which the opening is placed may
be designed in accordance with the requirements of para.
UG-37(d)(1) or AD-520(b), as applicable. The required
thickness shall be determined in accordance with para.
1-7.13.4. The factor, F, used in UG-37(c) and AD-520(a)
shall be 1. O Opemngs in shells that exceed these limita-

e 6 ment
analys1s of the opening and surroundmg shell and ptif-
feners. The required thickness of the reinforcefrient shall
be sufficient to reduce the von Mises stress at’the edge
of the reinforcement to the von Mises stress in a region
distant from the reinforcement. This,'distant regioh is
typically at unpenetrated regions 'of a spherical slell,
unstiffened cylindrical shell, ormidbay in stiffened cyl-
inders. If von Mises stress atithe edge of the reinfofce-
ment exceeds that at the.distant region, the allowgble
external pressure shallbe-decreased by the ratio offthe
distant region stress*to ‘reinforcement edge stress.

For stiffened eylinders, special consideration shall be
given to ends{of*members (shell sections) as follqws:
the von Mises stress at midbay at the end segment shall
not exceed*105% of the midbay stress away from|the
effects of the end.

Special consideration shall also be given areas of lpad
application where stress distribution may be nonlifjear
and localized stresses may exceed those predicted by
linear theory. When the localized stresses extend over a
distance equal to one half the buckling mode (apprpxi-
mately 1.2/D,t), the localized stresses should be confid-
ered as a uniform stress around the full circumference.
Additional stiffening may be required.

All calculations shall be performed using all dinjen-
sions in the corroded condition.

1-7.13.2 Nomenclature

Ap = cross-sectional area of a large fing

stiffener that acts as a bulkhe¢ad,
2

in.

As = cross-sectional area of a ring $tif-
fener, in.2

A1 = cross-sectional area of small fing

plus shell area equal to L, ih.>

The cylinder geometry is illustrated in Fig. 1-7.13.1-1
and the stiffener geometries in Fig. 1-7.13.1-2. The effec-
tive sections for ring stiffeners are shown in
Fig. 1-7.13.1-3.

Use of these rules requires the shell section to be
axisymmetric. Except for local reinforcement, these rules
are based on a uniform thickness of the shell section.
Where locally thickened shell sections exist, the thinnest
uniform thickness in the adjacent shell section shall
be used.
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A, = cross-sectional area of large ting
plus shell area equal to L, in.?
C = a factor used to determine mini-
mum shell thickness and length
of the template used in checking
local shell deviations
¢ = distance from neutral axis of cross
section to point under consider-
ation, in.
D, = outside diameter of cylinder, in.
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modulus of elasticity of material
at design temperature, deter-
mined from the applicable mate-
rial chart in Subpart 2 of Section
II, Part D, ksi. The applicable
material chart is given in
Tables 1A and 1B, Tables 2A and
2B, or Tables 5A and 5B, Subpart
1. Section II, Part D. Use linear

Lo Tpy oo Tp

(a) a circumferential line on a
head (excluding conical heads) at
one-third the depth of the head
from the head tangent line as
shown in Fig. 1-7.13.1-1

(b) a stiffening ring that meets
the requirements for I, in
para. 1-7.13.4(d)

e, =

Frp =

Fhef -

FS =

interpolation for intermediate
temperatures.

maximum plus or minus devia-
tion from a true circular form
local deviation from a straight
line measured along a meridian
over a gauge length, L,
allowable hoop compressive
membrane stress of a cylinder or
formed head under external pres-
sure alone, ksi

elastic hoop compressive mem-
brane failure stress of a cylinder
or formed head under external
pressure alone, ksi

average value of the hoop buck-
ling stresses, Fj,, over length, Lg,
where Fj, is determined from
para. 1-7.13.4(c).

stress reduction factor or design
factor

yield strength of matefial at
design metal temperature from
applicable table in“Subpart 1 of
Section II, Part D)ksi

the full width of a flat bar stiffener
or outstanding leg of an angle
stiffenef or‘one-half of the full
widthof. the flange of a tee stif-
fenter) in.

the full depth of a tee section or
full width of an angle leg, in.
moment of inertia of full cross
section, I = wR%, in.

the value of I, which makes a
large stiffener act as a bulkhead.
The effective length of shell is

L, =11, (an) (A1 /A?)

]pngfh of cvlinder between bulk-
heads or large rings désigned to
act as bulkheads, in.
chord length of template|used to
measure deviation from hominal
circularity, in.
effectiveléngth of shell,|in. (see
Fig. 1s7.18.1-3)
one;half of the sum of fthe dis-
tances, Lg, from the cent¢rline of
a'large ring to the next large ring
or head line of support gn either
side of the large ring, [in. (see
Fig. 1-7.13.1-1)
one-half of the sum of fthe dis-
tances from the centerljne of a
stiffening ring to the next line of
support on either side of the ring,
measured parallel to the axis of
the cylinder, in. A line of support
is described in the definftion for
L (see Fig. 1-7.13.1-1), in.,
overall length of vessel a$ shown
in Fig. 1-7.13.1-1, in.
gage length measured
meridian of cylinder, in.
Ly/ Rt

L/ Rt

applied external pressurg, psi
external test pressure, gqual to
1.25P, psi
radius to centerline of shell, in.
radius to centroid of combined
ring stiffener and effective length
of shell, in.
R+ Z,
radius to outside of shell, in.
thickness of shell, less cprrosion

along

I8

L, Ll, Lz, L3, L =
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moment of inertia of ring stiffener
plus effective length of shell
about centroidal axis of combined
section, in.*

L AZE Lt/ (Ag+ L]+ Lt3/12
moment of inertia of ring stiffener
about its centroidal axis, in.*
design length of unstiffened ves-
sel section between lines of sup-
port. A line of support is

f

5]

Not for Resale

allowance, in.

thickness of the bar, leg of angle,
or flange of tee of stiffener, in.
thickness of the web or angle leg
of stiffener, in.

radial distance from centerline of
shell to centroid of combined sec-
tion of ring and effective length
of shell, in.

AZ; [(As + Lit)
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Zs = radial distance from centerline of
shell to centroid of ring stiffener,
(positive for outside rings), in.

1-7.13.3 Materials

(a) Allowable Materials. Pressure vessels subjected to
external pressure may be fabricated from steel materials,
with exceptions as noted, listed in Tables UCS-23,
UHA-23, and UHT-23 of Section VIII, Division 1. or

The allowable external pressure is based upon a cir-
cumferential compressive stress that is the lesser of Fy,
and %F, at hydrostatic test pressure of 1.25P.

where

Fy, = F,/FS if Fy./F, > 2439
(0.7 F,/FS) (Fy/F,)** if 0.552 < Fy,./F, < 2.439
Fy/FS if Fy,/F, < 0.552

Tables [ACS-1, AHA-1, and AQT-1 of Section VIII,
Divisiof 2 of the Code. Materials not acceptable for use
for pregsure parts are identified in para. 1-6. General
requirefnents for materials are listed in para. 1-6.

(b) Pgstweld Heat Treat Requirements. The fabricated

vessel shall be postweld heat treated (PWHT) in accor-
dance With the requirements of Section VIII, Parts UCS,
UHA, gnd UHT for a Division 1 design or Articles F-4

and F-§ for a Division 2 design. In addition, spherical
shells gnd spherical segment heads shall be PWHT
regardl¢ss of thickness. The PWHT shall be done prior
to the eixternal pressure test.

1-7.13.4 Stiffened and Unstiffened Cylinders
(a) Limitations. For PVHOSs not conforming to the fol-
lowing limitations, the external pressure design shall be
as requjred by the specified division of Section VIII of
the Code.
(1)] The minimum outside diameter to thickness
ratio ([,/t) is restricted to 1,000.
(2) [ The maximum shell thickness, including corre-
sion allpwance, shall not exceed 2 in. (50 mm).
(3)| The minimum shell thickness, excluding corro-
sion allpwance, shall not be less than % in. (10'mm).
(b) Stress Reduction Factors. The allowable stress is
determined by applying a stress reduetion factor, FS, to
the predlicted elastic buckling stress (Fc). The required
values ¢f FS are 2.0 when the buckling stress is elastic
and % fvhen the buckling stress-equals yield stress at
design femperature. A linearvariation is used between
these lifnits. The equations for FS are as follows:
FS A 2.0 if F;c <055°F,
o 2407 - Q4T F;/F,
if 0.55°F, < F;. <F,
o 1.667if F;. > F,
Note that F;, is the predicted buckling stress

and where
C, = 0.55(t/D,)
if M, > 2(D,/t)**
— 112 Mx—14058
if 13 < M, < 2(D,/t)*%*
= 092 / (M, — 0.579)
if 1.5 <M, <13
= 1.0if M, <15
F,. = 1.6CLE(t/D,)

(d) Sizing of StiffenerRings
(1) Small Rings

1> 1.5F,, LR 2 t/E(n* - 1)

where Fjais'stress determined from para. (c) with
M, = My

nZ — 2D53/2/3L[gt 1/2

use n = 2 for n* < 4
and n = 10 for n* > 100
(2) Large Ring Acting as a Bulkhead

IS > FyyLeR>t/2E

(3) Stiffener Geometry Requirements. Stiffener gepm-
etry requirements are as follows. See Fig. 1-17.13.1-] for
stiffener geometry and definition of terms.

(a) Flat bar stiffener, flange of a tee stiffener, pnd
outstanding leg of an angle stiffener

I/t < 0.375 (E/F,)">

(b) Web of tee stiffener or leg of angle stiff¢ner
attached to shell

hy / t,<1.0 (E/F)"?

k PR 1 kPR | . ki alal P | 11 11
tUidl IS Cd1Culdicd uaulg, ro — 1ITUIC dlIOWdDIC

stress equations in para. (c) below.

(c) Allowable Stress and External Pressure for Cylindrical
Shells. The allowable external pressure for stiffened and
unstiffened cylindrical shells is given by the following
equations:

P = minimum of P; and P,

Py = 2F,(t/D,)
Py = 1.067F(t/D,)
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(e) Tolerances for Cylindrical Shells Subjected to External
Pressure. Cylindrical shells shall meet the tolerances as
specified herein. These tolerance requirements replace
some portions of those specified in para. UG-80(b) or
AF-130.2. In place of the maximum deviation require-
ments specified in UG-80(b)(2) or AF-130.2(a), the fol-
lowing requirements apply:

(1) The maximum plus or minus deviation from a
true circular form, e, shall not exceed the value given
by the following equation:
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e = 0.0165¢ (M, + 3.25)1%°

Note that e need not be less than 0.2t and shall not
exceed the lesser of 0.0242R or 2t.

(c) Minimum Thickness. The minimum required thick-
ness for the spherical shell or formed head exclusive of
corrosion allowance shall be determined by the follow-
ing procedure:

where

and

(2) Measurements to determine e shall be made  Step 1:  Calculate the value of C from the following
from a segmental circular template having the design two equations:
outside radius and placed on the outside of the shell. C = the larger of C; or C;

The chord length, L, is given by the following equation: 0.75PT
L. = 2R sin (w/2n) ] Ey
, C, = 1.719;PT
= cly (R/t)é&/R)] Step 2:  Enter the left ordinate ofFig. 1-7.13.5 vith the
F = 2.28(R/f) ™ < 2.80 value of C calculated irvstep 1. Move lorizon-
f = 038(R/H™* < 0.485 tally to an intersection® with the soli¢gl curve.
Extrapolation beyend the upper or loyer lim-
its of the curvgds prohibited. When vjalues of
C fall outsidesthe limits of Fig. 1-7.13.5, design
2sn<141 JR/H) shall follpw-rules of Section VIII, UG-28(d) for
) Division 1 or AD-320 for Division 2.

.(3) All requlrerpents of UG-80(a) or AF-130.1 are Step 3:  From 'the intersection obtained in Step|2, move
applicable. The requirements of UG-80(b)(3), (6), (7), (8), vertically down and read the requirdd mini-
and UG-80(b)(10) or AF-130.2(b) and AF-130.4 remain mum ratio of thickness to outside radifis, t/R,.
applicable. This required minimum ratio appliep to the

(4) The local deviation from a straight line, e,, mea- spherical shell for the chosen materjal yield
surpd along a meridian over a gauge length, L,, shall strength, elastic modulus, and test pressure.
notlexceed the maximum permissible deviation, e,, given Step 4:  Determine the minimum required thickness,

belpw.

el = 0.002R

I, = 4/(Rt) but not greater than L for cylinders

= 25t across circumferential welds

Il, < 95% of the meridional distance betwéen circum-
ferdntial welds

1-7.13.5 Minimum Required Thickness for Unstiff-
engd Spheres and Formed Heads

(&) Limitations. The allowablé pressure for spheres
and spherical segments is (derived using the iterative
procedure following. This procedure applies to spheres
and hemispherical forthed heads directly.

An adjustment ismade for 2:1 ellipsoidal heads. These
rul¢s do not apply to other shaped ellipsoidal or to
torispherical heads. For PVHOs not conforming to these
and the following limitations, the external pressure
design shall be as required by the specified Division of
Section-VIII of the Code.

t, for the given outside radius, R,. The value

of t shall neither be less than % in. (10 mm)

nor greater than 2 in. (50 mm). If the mgximum

thickness of the spherical shell includfing cor-

rosion allowance exceeds 2 in. (50 mm), the

rules of Section VIII, UG-28(d) (Division 1) or

Article D-3 (Division 2) shall apply.

(d) Tolerances for Spherical Shells and Spherical Jegments
Subjected to External Pressure
(1) Out-of-Roundness. The difference between the
maximum and minimum inside diameters at afy cross
section shall not exceed 1% of the nominal insid¢ diame-
ter at the cross section under consideration. Theg diame-
ters may be measured on the inside or outside of the
sphere. If measured on the outside, the diamet¢rs shall
be corrected for the plate thickness at the crosq section
under consideration. When the cross section] passes
through an opening, the permissible differencp in the
inside diameters just given may be increased by 2% of

(1) The maximum outside radius, R,, shail mot
exceed 60 in. (1 500 mm).

(2) The maximum shell thickness, including corro-
sion allowance, shall not exceed 2 in. (50 mm).

(3) The minimum shell thickness, excluding corro-
sion allowance shall not be less than % in. (10 mm).

(b) 2:1 Ellipsoidal Heads. For 2:1 ellipsoidal heads, use

the procedure specified in para. (c) below using

R, = 09D,
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the inside diameter of the opening.

(2) Local Shell Tolerances. The maximum plus or
minus deviations from true spherical form, measured
radially on the outside or inside of the vessel, shall
not exceed 0.5% of the nominal outside radius of the
spherical shell and shall not be abrupt. Measurements
shall be made from a segmental template having the
design inside or outside radius (depending where the
measurements are taken) and a chord length, L, equal
to the arc length determined as follows:
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Using the required minimum ratio of thickness to the
outside radius, t/R, obtained in Step 3, move vertically
upward on Fig. 1-7.13.5 to the intersection of the dashed
line. Move horizontally to the right from the dashed line
and determine the ratio of critical arc length to outside
radius, L./R,. The chord length, L., is obtained by multi-
plying this ratio by the outside radius, R,.

1-7.13.6 External Pressure Test

1-7.15 Rectangular Door Design

If rectangular openings are employed in either
Division 1 or 2 construction, a detailed analysis of the
interaction of the entire assembly (i.e., door, door frame,
adjacent shell, and relative appurtenances) shall be per-
formed to ensure the design is adequate for the intended
application. For Division 2 vessels, the analysis shall be
performed in accordance with Appendix 4. For

(a) T4sT Pressure. All vessels designed m accordance
with sgction 1-7.13 shall be subjected to an external
hydrostatic pressure test that subjects every part of the
vessel o an external pressure, PT, not less than 1.25P
to be njarked on the vessel. The test pressure shall be
maintaiped for no less than 1 hr.

(b) Host-Test Measurements. Measurements for
determining the deviations specified in paras. 1-7.13.4(e)
and 1-7[13.5(d) shall be taken after the external pressure
hydrostatic test.

Any| deviations

exceeding the limits of
the extgrnal pressure test shall be repeated.

(c) Strain Gaging. As part of the hydrostatic test,
strain ghges are to be applied to the pressure hull. Gages
are to Be applied at hard spots, discontinuities, high-
stress rggions, and other locations deemed appropriate.
Appropriate strain gage types (single gage, or biaxial/
triaxial ptrain gage rosettes) are to be used at each loca-
tion. A [drawing(s) shall be created indicating the loca-
tions offthe gages on the pressure hull. At the conclusion
of the t¢st, a hydrostatic test report shall be created. This
report ghall include strain gage locations, strain gage
type at ¢ach location, the criteria used to select the strain
gage logations, and the measured stress results; The test
report shall also include a comparison of calculated and
measurgd stresses, and an evaluation of-any significant
differerfces between these stresses. The strain gage plan
and copies of the test report shall\be provided to the
user anfl any authorities havingjurisdiction.

1-7.14 |Hatch Design

Hatclpes that do not{use bolts for attachment may be
designpd in accordance with the requirements of
Section|VIII, Division 1, Appendix 1-6(g) of the Code
with the following conditions:

(a) The drcular centerline of the spherically dished
head sHall/pass through the centroid of the flange.

Division T vessels, Appendix 4 of Division 2 may be
used as a guide using the allowable stress of Division 1.

1-7.16 Supports and Attachments

Consideration shall be given to the fellowing;:
(a) The design must consider the\external local fofces
transmitted to the PVHO.
(b) Only those materials pérmitted for shells may be
used for welded lifting attachments, and the materigl is
to be compatible with'that of the shell.

1-8 PRESSURE RELIEF DEVICES

Unless otherwise specified, the following requlire-
ments,shall be met for pressure relief devices installed
on.PVHOs.

(a) The applicable requirements of Section VIII,
UG-125 through UG-136 (Division 1), or Part|AR
(Division 2), shall be met.

(b) A quick-operating manual shutoff valve shal| be
installed between the PVHO and the pressure rqlief
valve, and shall be normally sealed open with frangjible
seal as permitted in Section VIII, UG-135(e) and
Appendix M of Division 1 and Appendix A of Divisidn 2.
The valve shall be readily accessible to the attendant
monitoring the operation of the PVHO.

(c) Rupture disks shall not be used, except in series
upstream of pressure relief valves to prevent gas leakage,
and shall meet all other applicable requirements of|the
Code.

1-9 MARKING

(b) The connection of the dished head to the flange
shall include fillet(s) of radius not less than 10 mm.

(c) If an O-ring seal is specified, it shall be located at
the mean radius of the flange.

(d) Hatch construction shall be from materials that
meet ASME PVHO requirements.

(e) If the hatch is convex to pressure, the minimum
thickness of the head shall be the greater of that deter-
mined in Division 1, Appendix 1-6(g) and that calculated
from section 1-7.13.
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(a) Each PVHO shall be marked with the following:
(1) designation of this Standard, PVHO-1

(2) name of the manufacturer of the pressure vessel,
preceded by the words “certified by”

(3) maximum allowable working pressure psi
( MPa) (internal) and/or psi ( MPa)
(external) at °F (—°C) maximum and °F

(—°C) minimum
(4) manufacturer’s serial number
(5) year built
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(6) design criteria: PVHO-1-2007; Section(s) (e.g.,
5, 6, or 7 as applicable)

(b) The marking described in para. 1-9(a) shall be on
anameplate substantially as shown in either Fig. 1-9(b)-1
or Fig. 1-9(b)-2, as applicable. It shall be of material
suitable for the intended service and remain legible for
the life of the vessel. Nameplates shall be located in a
conspicuous place on the vessel.

( 3 Ft-frave marking
casfing, etching, embossing, de-bossing, stamping, or
engraving, except that the “PVHO-1" lettering shall be
stamped on the nameplate.

(1) The required marking on the nameplate shall
be fin characters not less than %, in. (4.0 mm) high,
excppt the lettering “PVHO-1" shall not be less than
% ih. (9.5 mm) high and shall be legible and readable.
(2) Characters for metallic nameplates shall be
eitfer indented or raised at least 0.004 in. (0.10 mm).

Namenp ra 1 s ST IO
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(f) The nameplate may be marked before it is affixed
to the vessel, in which case the manufacturer shall ensure
that the nameplate with the correct marking has been
applied to the proper vessel.

(¢) The nameplate shall be permanently attached to
the[vessel or to a pad, bracket, or structure that is welded
or $oldered directly to the vessel. The nameplate shall
be located within 30 in. (76 cm) of the vessel. Removal
shalll require willful destruction of the nameplate or its
attgchment system.

(f) In addition to the requirements of paras. (a)
thrpugh (d) above, the applicable stamping requirement
of the specified division of Section VIII of thé. Code shall
be met.

1-10 NONMETALLIC MATERIALS AND TOXICITY
OFFGAS TESTING

(f) All nonmetallié materials offgas volatile sub-
stafces that may betoxic. The rate of offgassing increases
with increasing femiperature and decreases with increas-
ing|age of the miaterial (e.g., plastics and paint).

() In PVHOs whose primary means of life support
is By ventilation of the atmosphere and/or by mask
sugply-from an external gas source, offgassed volatiles

(d) Toxicity Offgas Testing Procedures

(1) Internally pressurized PVHOs should be pres-
surized to MAWP at least once and then thoroughly
ventilated prior to doing the offgas testing.

(2) Where the normal duration of PVHO occupa-
tion is less than 8 hr, the PVHO is to be sealed and
maintained at maximum operating temperature for at
least 8 hr, after which time atmospheric gas samples are

regardless of MAWP. However, a slight [press
of the PVHO (prior to closing or sealing) may [pe used
to aid in obtaining gas samples.

(3) The gas sample shall.be‘analyzed using appro-
priate GC/MS methods. Theconcentration levell of vola-
tile compounds shall not'ekceed the TLV values et forth
in the current edition.ofithe ACGIH Threshold Liniit Values
for Chemical Substances, or the OSHA PELs set [forth in
29 CFR 1910.1000, ‘as stipulated by the user. If any of
those limits are'exceeded, the PVHO must be wdll venti-
lated with(clean air, and the procedure must be fepeated
until satisfactory results are obtained.

(4)> The use of higher temperatures and/of longer
durations to “bake out” sources of contaminarjts prior
to-testing is permitted. Care must be taken not t exceed
the design temperature of components including acrylic
windows.

(5) Where normal durations of PVHO ocdqupation
exceed 8 hr, the previous procedures apply with the
exception that the PVHO is to be sealed and majntained
at maximum operating temperature for at least tlhe maxi-
mum duration of exposure anticipated. The ACGIH TLV
(or OSHA PEL) values used for evaluation shall he modi-
fied by multiplying them by a value of Fp as shown in
Table 1-10 (linear interpolation is permitted):

(6) Where normal durations of PVHO ocqupation
exceed 24 hr, the duration of offgas may be less, provided
that the quantification and reporting limits are less than
the allowable limits divided by the ratio of ocqupation
duration divided by test duration. And the|results
obtained would then be extrapolated by multiplying by
the same ratio of occupation duration divided| by test
duration. For example, in the case of “scr¢ening”
[para. (10) below], if the anticipated occupation duration

are LUIlLiIlUUUb‘ly lClllUVCL‘l clll(,‘l dItc IlUIlIldlly IOt Ulr COIT=
sequence, such that the procedures in para. (d) below
need not apply.

(c) InPVHOs where the primary means of life support
is by addition of oxygen and removal of carbon dioxide
(CO,), offgassed volatiles will accumulate. Thus, after
fabrication and completion of all outfitting, the toxicity
offgas test procedures in para. (d) below are required
of any such PVHO that has internal paint, or contains
nonmetallic materials (other than acrylic windows).
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is b days, the offgas duration may be limited to 24 hr,
with the results multiplied by five, provided that the
quantification and reporting limits were less than 5 ppm
(vs. 25 ppm allowed) for total hydrocarbons and 2 ppm
(vs. 10 ppm allowed) for total halogens. However, if the
extrapolated results (after multiplying by five) exceeded
25 ppm and/or 10 ppm, respectively, then the quantity
of gas sample for GC/MS analysis would need to be
sufficient to provide quantification and reporting limits
of 20 ppb (vs. 0.1 ppm). And if that were not practical,
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then the time-ratio used in the testing would need to
be appropriately less.

(7) For PVHOs that use hydroxide absorbents (e.g.,
LiOH, soda lime) for the removal of carbon dioxide
(COy), the concentrations of trichloroethylene, vinyli-
dene chloride, methyl chloroform, and acetylene dichlo-
ride must not exceed 0.1 ppm, regardless of their ACGIH
TLV (or OSHA PEL), or duration of occupation. That is,
Table 1-10 does NOT app]v for those four rnmpmmdq

(expressed as methane) can be shown to be less than
25 ppm, then the gas chromatography/mass spectrome-
try (GC/MS) analysis and evaluation need not be done.
However, if either of those limits is exceeded, the
GC/MS analysis and evaluation is required.

1-11 RISK ANALYSIS

The PVHQO t‘]acignnr shall imp]amnnf- and docu ent

(8)
chloring
pated,
pounds

Where reactive compounds (e.g., ammonia,
, hydrogen sulfide, sulfur dioxide) are antici-
bn-site testing for the presence of these com-
should be done using appropriate color-change
indicatqr tubes (e.g., Draeger, Gastec). Evaluation of the
test resplts are to be in accordance with paras. (3), (5),
or (6) apove, as applicable.

an established standard or procedure (such as a‘failure
modes, effects and criticality analysis, or a safety-hazards
analysis) for evaluating and mitigating potential rjsks
associated with the PVHO and associated systejms.
Potential hazards shall include both (hardware failure
and operator error. The risks identified shall be evilu-
ated and mitigated to a level aeceptable by the usefr or

(9)|Where potential sources of mercury vapor are  appropriate authority. Mitigation and protective npea-
anticipqted, on-site testing for its presence should be  sures may include design features that minimize|the
done uging either color-change indicator tubes with a  probability of occurrence;)inspection and tests dufing

sufficiefitly low detection limit or a gold-film type ana-
lyzer. Epaluation of test results are to be in accordance
with pdras. (3), (5), or (6), as applicable.

(10) If the total halogen concentration can be shown
to be 1¢ss then 10 ppm, and the total hydrocarbons

and following fabrication, implementation of safety
and/or warning devijces, protective systems, and ¢au-
tion or warning frocedures and labels. The risk analysis
results shall be retained by the designer in accordgnce
with paras 1%7.9.

10
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Fig. 1-7.13.1-1 Geometry of Cylinders
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Fig. 1-7.13.1-3 Sections Through Rings
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Fig. 1-9(b)-1 Form of Nameplate, U.S. Customary

PVHO-1
Certified by

(Name of manufacturer)

psi internal ____ psiexternal
(Maximum allowable working pressures)

°F maximum °F minimum
(Design temperature range)

(Manufacturer’s serial number) (Year built)

(Design criteria)

Fig. 1-9(b)-2 Form of Nameplate, Metric

PVHO-1
Certified by

(Name of manufacturer)

MPainternal _Cs  MPa external
(Maximum allowable'werking pressures)

°Cmaximum>___ °Cminimum
(Design:temperature range)

(Manufacturer’s serial number) (Year built)

(Design criteria)

Table 1-10 Conversion Factor, Fp (For PVHO
Occupation Exceeding 8 hr)
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Duration of Exposure Fp
8 hr (or less) 1.0
12 hr 0.85
16 hr 0.75
24 hr 0.65
36 hr 0.56
48 hr 0.52
72 hr 0.46
7days 037
14 days 0.32
30 days 0.28
60 days 0.26
90 days (or longer) 0.25
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PVHO-1 Form GR-1 Manufacturer’s Data Report for Pressure Vessels for Human Occupancy
As Required by ASME PVHO-1

. Design criteria
. Manufactured and certified by
. Manufactured for
. Location of installation
Type
Tdrawing no.J Tmanutacturer serial no.J Tyear buiny
The chemical and physical properties of all parts meet the requirements of material specifications of ASME PVHO-1
i (year) and Addenda to (date) and Case nos. In addition,
the design, construction, and workmanship conform to ASME Section VIIIl, Division____ (1or2), _____  {year)
nd Addenda to (date) and Code Case nos.
onstructed for maximum allowable working pressure of psi (internal) and/or_________ /% psi (external),
ta maximum temperatureof ___ °F and/or minimum temperatureof ___ °F, and hydrestatic test pressure
bf _________psi(internal)and/or—____________ psi (external).
$ervice: Fatigue analysis required
(yes or no) (describe service]
[Vindows: Certification Reports, properly identified and signed by the window fabricator, are attached for the following items.
Diameter Nominal
No. Location Type or Size Thickness How Attached

10. Nlanufacturer’s Data Report/Partial Data Reports, completed in decordance with the ASME BPV Code, Section VIII, Division

(1 or 2) and properly identified and signed by Cemmissioned Inspectors, are attached for the following items (use

orm PVHO-1 GR-1S for additional items, if necessary),

Data Report Rematks (Name of Part, Manufacturer's Name, and ldentifying Stamp)
CERTIFICATION OF DESIGN
User’s Design Specification on file at
Mpnufacturer’s Design*Report on file at
User’s Design Specification certified by P.E. State Reg. no.
Mpnufactuters/Design Report certified by PE. State Reg. no.

CERTIFICATION OF COMPLIANCE

W certify that the statements made in this report are correct and that all details of material, construction, and workmanship of this

vessel conform to the ASME Safety Standard for Pressure Vessels for Human Occupancy (PVHO-1).
ASME Certificate of Authorization_—____ (U or U2), Certificate no. Exp. date

Date , 20 Company name Signed _
(PVHO manufacturer) (representative)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes
other than republication.
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PVHO-1 Form GR-1S Manufacturer’s Data Report Supplementary Sheet

As Required by ASME PVHO-1

1. Design criteria
2. Manufactured and certified by
3. Manufactured for
4. Location of installation
5. _Tvpe —
(drawing no.) (manufacturer serial no.) (year built)
Data Report Remarks (Name of Part, Manufacturer's Name, and Identifying Stamp)
Date .20 Company name Signed
(PVHO manufacturer) (representative)

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes
other than republication.
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Section 2
Viewports

intend¢d for chambers where any of the following
restrictipns on design parameters are exceeded:

(a) The operating temperature shall be within the 0°F
to 150°K (-18°C to 66°C) temperature range.

(b) The pressurization or depressurization rate shall
be less than 145 psi/sec (1 MPa/s).

(c) The fluid (external or internal) shall be ‘only water,
seawatdr, air, or gases used in life suppeort systems.

(d) The number, or the total duration of pressure
cycles during the operational life of the window, shall
not excged 10,000 cycles or 40,000 ht, respectively.

(e) The maximum operational pressure shall not
exceed P0,000 psi (138 MP4).

(f) The exposure to nuclear radiation shall not exceed

2-1.3.1 Traceability. The window fabricator shall
provide an overall window certification that shall certify
that the window has been fabricated in accordance with
all applicable requirements of the Standard (see
PVHO-1, Form VP-1 for a representative certification
form). The window certification shall provide traceabil-
ity of the window throughout all processes associated
with its manufacture.

2=1:3:2Additiomat Requirements:—Imaddition;to) the

overall window certification, the following certificatjons
shall be required for a window to be considered, accept-
able for use in chambers:

(a) a design certification for each window"and mafch-
ing viewport assembly that shall include a sumnjary
of engineering calculations and/or\a-description of|the
experimental method and data\used to verify compli-
ance of the window design{with the requirement$ of
this Standard (see section2-2'for design requirements).

(b) a material manufactiizer’s certification for each lgt of
acrylic that shall cértify that the material meet$ or
exceeds the minimumi values of physical properties spec-
ified in Table/2<3.4-1 for each lot and verify for dach
casting or 16P (see section 2-3 for material certification
requirements).

(c) amnterial certification for each window shall ceftify
that.the material meets the minimum values specified
in“Table 2-3.4-2 and that these properties have been
experimentally verified. Average values specifiedl in
Table 2-3.4-2 shall be reported (see section 2-3 for mate-
rial certification requirements).

(d) a pressure testing certification for each window fhat
shall describe the pressure, temperature, pressurization
rate, duration of sustained loading, and viewport flange
or test fixture used during the pressure test (see section
2-7 for pressure testing requirements).

2-2 DESIGN
2-2.1 General

The manufacturer of the chamber shall be responsjible
for ensuring that the viewport design is adequate| for
the design conditions of the chamber. Particular atfen-
tion shall be paid to design consideration of the window,
including, but not limited to, the design pressure,|the
temperature at design pressure, and the cyclic life at

2-2.2 Standard Window Geometry

2-2.2.1 Configuration. Acrylic windows in cham-
bers must have one of the standard geometries shown
in Figs. 2-2.2.1-1 through 2-2.2.1-4. Minimum acceptable
thickness ratios shall comply with the requirements of
Figs. 2-2.2.1-1 through 2-2.2.1-4 for the specific window
geometry. (For acceptance of nonstandard window
geometries, see para. 2-2.6.)
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2-2.2.2 Calculation. Calculations of the short-term
critical pressure (STCP), on the basis of Figs. 2-2.2.1-1
through 2-2.2.1-4, satisfy the requirements of the design
certification required by this Standard under para.
2-1.3.2(a).

2-2.2.3 Tests. Itshall also be acceptable to establish
the STCP by conducting a series of destructive tests on
full-scale or model scale windows performed in accor-

2-2.4.2 Pressure. When a viewport is subjected to
pressurization from both sides, the conversion factor
used for the window design must be determined on
the basis of the highest design pressure, regardless of
whether this pressure is external or internal to the
chamber.

2-2.4.3 Values of Conversion Factors. The values
of CF in Tables 2-2.3.1-1 through 2-2.3.1-5, D;/ D¢ on

darnjce with the procedure in para. 2-2.5.2.

3 Determination of Dimensions for Standard
Geometry Windows

-2.3.1 0 psi to 10,000 psi. The dimensions of a

STCP values of standard window geometries are
n in Figs. 2-2.5.1-1 through 2-2.5.1-15. CF values for
dard window geometries are given in
es 2-2.3.1-1 through 2-2.3.1-5.

-2.3.2 10,000 psi to 20,000 psi. The dimensions
indows in the 10,000 psi to 20,000 psi (69 MPa to
MPa) design pressure range shall be based solely
ondestructive tests in the form of long-term and
ic pressurizations. Dimensions of approved win-
s for this design pressure range are given in Table

4 Determination of Conversion Factor by Table
Method

-2.4.1 Temperature. Wher selecting the conver-
sion factors from Tables 2-2.3.1<1through 2-2.3.1-5, tem-
perpture ranges must be chiosen on the basis of highest
ampient sustained temperature expected during opera-
tion of the chamber at.the design pressure.

(#) If the chambép interior is illuminated by externally
mopnted incandescent lights shining through the win-
dows, the 150°F(66°C) temperature range shall be man-
datory intthe’ selection of conversion factors for all
windows,

(b)\If<the chamber is not illuminated with externally

Figs. 2-2101-Tand 2-2.10-1-2and Tabte 2-2.3P-1, and
t/D; on Table 2-2.3.2-1 represent minimums,\The user
of this Standard may exceed these values.

2-2.5 Determination of Short-Term Critical Pr¢ssure
(STCP)

2-2.5.1 Calculation Method.\ The STCP of a
accepted for service in chambers, without thd
experimental data, shall‘rlot be less than

window
use of

§TCP = (CF x P)

where
CF = cofwersion factor
P =_design pressure

Windows having included angles between those
shown in Figs. 2-2.5.1-4, 2-2.5.1-5, 2-2.5.1-6, and P-2.5.1-7
are to have a t/D; equal to that determined for a window
of the next smaller included angle as shown in th¢ appro-
priate figure. (For example, a spherical sector window
having included an angle of 100 deg and requjring an
STCP in the 5 MPa to 50 MPa range, would be designed
using the 90 deg curve in Fig. 2-2.5.1-6.)

(a) For flat disk acrylic windows, shown in Fig. 3-2.2.1-1,
use conversion factors from Table 2-2.3.1-1 and STCPs
from Figs. 2-2.5.1-1, 2-2.5.1-2, and 2-2.5.1-3. Short-term
critical pressures may also be experimentally deter-
mined according to the procedure in para. 2-2.5.2.

(b) For conical frustum acrylic windows, sHown in
Fig. 2-2.2.1-1, use conversion factors from Table -2.3.1-2
and STCPs from Figs. 2-2.5.1-4 and 2-2.5.1-5. Short-term
critical pressures may also be experimentally deter-
mined according to the procedure in para. 2-2.5.2. Win-
dows of this type are accepted for service only where
the pressure is applied to the base of the frustfim.

(c) For double beveled disk acrylic windows, shown in
Fig. 2-2.2.1-1, use conversion factors from Table P-2.3.1-2
and STCPs from Figs. 2-2.5.1-4 and 2-2.5.1-5. Short-term

mounted lights, the temperature ranges shall be chosen
on the basis of environmental temperature where the
chambers reach design pressure. If the design pressure
is reached when

(1) only submerged in water, use the ambient temper-
ature of water at that depth

(2) only in air, use the average of the maximum
ambient external and internal air temperatures

(3) either in air or in water, use the average maxi-
mum ambient external and internal air temperatures
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critical pressures may also be experimentally deter-
mined according to the procedure in para. 2-2.5.2.

(d) For spherical sector acrylic windows with conical edge,
shown in Fig. 2-2.2.1-2, use conversion factors from
Table 2-2.3.1-3 and STCPs from Figs. 2-2.5.1-6 and
2-2.5.1-7. Short-term critical pressures may also be exper-
imentally determined according to the procedure in
para. 2-2.5.2. Windows of this type are accepted for ser-
vice only where the hydrostatic pressure is applied to
the convex face.

Not for Resale


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2007.pdf

ASME PVHO-1-2007

(e) For spherical sector acrylic windows with square edge,
shown in Fig. 2-2.2.1-2, use conversion factors from
Table 2-2.3.1-4 and STCPs from Figs. 2-2.5.1-6 and
2-2.5.1-7. Short-term critical pressures may also be exper-
imentally determined according to the procedure in
para. 2-2.5.2. Windows of this type are accepted for ser-
vice only where the hydrostatic pressure is applied to
the convex surface.

the mean STCP of the other four windows. In such a
case, the STCP value of the window design is to be taken
as the lowest critical pressure among the five tests. In
the case where the lowest STCP does not meet this crite-
rion, the STCP value of the window design is to be
equal to the single lowest STCP among the five windows
multiplied by a factor of 0.75.

(b) For tests conducted on model-scale windows, the

(f) Far hemisph A be _considered eptable on he STCP
shown fin Fig. 2-2.2.1-3, use gle
Table 2 lowest STCP among the five model-scale windowsg. In
2-2.5.1-]. Short-term critical pressures may alsohe exper- ~ case the STCP of the single full-scale windéw,does|not

Fig. 2-2[2.1-3, use conversion factors from Table 2-2.3.1-5
and ST(Ps from Figs. 2-2.5.1-8 through 2-2.5.1-13. Short-
term criftical pressures may also be experimentally deter-
mined gccording to the procedure in para. 2-2.5.2.

(h) Fpr hyperhemispherical acrylic windows, shown in
Fig. 2-2[2.1-4, use conversion factors from Table 2-2.2.1-3
and STCPs from Figs. 2-2.5.1-14 and 2-2.5.1-15. Short-
term critical pressures may also be experimentally deter-
mined gccording to the procedure in para. 2-2.5.2. Win-
dows of this type are accepted for service where the

meet this criterion, four more full-scale windows shall
be tested, and the STCP value of thé window degign
shall be calculated according to paxa>(a) above soely
on the basis of the full-scale window tests.

2-2.6 Nonstandard Window‘Geometries and
Standard Window-Geometries With Lower
Conversion FactorsACF)

2-2.6.1 Case Submittal Procedure. Acrylic windpws
of nonstandard geometry, or of standard geometry [but
with nonstandard lower conversion factors (CF) may be
submitted, fot consideration as a Case for adoptior} by
the ASME Pressure Vessels for Human Occupancy Cpm-
mittee, and possible subsequent incorporation into|the
Stanidard as another standard geometry or standard ¢on-

hydrostatic pressure is applied only to the convex sur- _Version factor for windows meeting the design parame-
face, or|the hydrostatic pressures are applied to either - @ ;ters of section 2-2.
surface but the magnitude of internal design pressure (a) Prior to submission for review, the window degign

does ngt exceed 5% of the external design pressure:

(i) Fqr NEMO acrylic windows, shown in Fig. 2-2:2:1-4,
use CFs from Table 2-2.3.1-3 and STEPRs from
Figs. 2-.5.1-14 and 2-2.5.1-15. Short-term critical pres-
sures mlay also be experimentally determined according
to the grocedure in para. 2-2.5.2. Widows of this type
are accdpted for service where the thydrostatic pressure
is applied only to the convex sufface, or the hydrostatic
pressurgs are applied to either{surface but the magnitude
of the ihternal design pregsure does not exceed 5% of
the’ extdrnal design pressure.

must be experimentally verified according| to
para. 2-2.6.3, and the window design, testing procedpre,
test results, and any other pertinent analytical or experi-
mental data shall be summarized in a clear, concise, hnd
legible technical report.

(b) One copy of the report shall accompany the gub-
mission for consideration by the Committee. Submisgion
of the report to the Committee places its content into| the
public domain for review and comment by the public.

2-2.6.2 Usein Standard PVHOs. Windows with rjon-
standard geometries, or with standard geometries pnd

2-2.4.2 Testing Method. The experimental determi- lower CFs, may be incorporated into chambers| for
nation ¢f STCP gf an acrylic window shall be conducted human occupancy provided their material properties
by subjpcting fhéwindow to hydrostatic pressure that and structural performange satisfy the mandatolry shiort-
is incregsed,from ambient, at a constant rate of approxi- term, long-term, and cyclic proof pressure requirements

mately p50"psi/min (4.5 MPa/min). The pressurization

of this Standard.

shall take place at ambient temperature range of 70°F
to 77°F (21°C to 25°C) in a flange that satisfies the
requirements of para. 2-2.9.

The evaluation of a window design is to be conducted
on a minimum of five full-scale windows or on a mini-
mum of five model-scale windows plus one full-scale
window.

(a) For tests conducted on full-scale windows, the
results generated will be considered representative only
if the lowest STCP for any window is at least 75% of

18

2-2.6.3 Testing Criteria. Windows with nonstan-
dard geometries, or with standard geometries and lower
CFs, must meet the following mandatory requirements:
(a) short-term proof pressure (STPP): 4 times the design
pressure, sustained continuously for a minimum of
30 min without catastrophic failure at design tempera-
ture environment under short-term pressurization
(b) long-term proof pressure (LTPP): design pressure
sustained continuously for 80,000 hr in design tempera-
ture environment without catastrophic failure
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(c) crack-free cyclic proof pressure (CPP): design pres-
sure sustained intermittently during 1,000 pressure
cycles of 8 hr each duration in design temperature envi-
ronment without cracking

2-2.6.4 STPP Test Procedure. The STPP of the win-
dow with nonstandard geometry, or with standard
geometry and lower CF, shall be experimentally verified
with a minimum of five windows. The STPP windows

(4) Four windows shall be tested at a sustained
pressure equal to 0.75 STPP.
(5) Five windows shall be tested at a sustained
pressure equal to 0.7 STPP.
If all windows of any one of the five selected test
programs above survive sustained pressurization for
10,000 hr without catastrophic failure, the window

design is considered to have satisfied fully all require-
ments of the TTPP test

tesfed may consist of any combination of model-scale
(of [the same size) or full-scale windows.

(#) The windows shall be individually pressurized at
650]+ 100 psi/min (4.5 + 0.7 MPa/min) rate in the design
temjperature environment to the STPP.

(b) All five windows shall survive the STPP test with-
ouff catastrophic failure.

-2.6.5 LTPP Test Procedure. The LTPP of the win-
doy with nonstandard geometry, or with standard
gedmetry and lower CF, shall be experimentally verified
as per the following paragraphs, using model-scale (of
the|same size) or full-scale windows:

(#) The windows shall be individually subjected to
susfained pressure loading at design temperature.

(p) Each window shall be subjected to a different
hydrostatic pressure, and the duration of sustained pres-
surg preceding the catastrophic failure shall be recorded.

(¢) The pressures to which five individual windows
shalll be subjected are 0.9, 0.8, 0.75, 0.7, and 0.65 times
thel average STCP established experimentally\in

the graph.
(¢) The extension of the plotted line to 80,000 hr of
susfained loading must exceed the LTPP. The extrapo-
latdd failuredat 80,000 hr must be at least two times the
dedign pressure.
(p) SAnralternative to the LTPP tests defined in paras.

2-2.6.6 CPP Test Procedure. The crack-frde cyclic
proof pressure (CPP) of the window with.nonstandard
geometry, or with standard geometry andTower (CF, shall
be experimentally verified on a minimmum of twq model-
scale windows (of the same size),or a single f{ill-scale
window.
(1) The window shall be‘pressure cycled 1,000 times
from zero to CPP in design temperature envirqnment.
(b) The length of therindividual pressure cydles may
vary from one cycle.t6 another, but the average length
of the sustained:loading and relaxation phases|in all of
the pressure’cycles must equal or exceed 4 hr.
(c) At _the completion of 1,000 pressure cy
windowr¢shall be visually inspected with the
eye (except for correction necessary to achi
20 vision) for the presence of cracks.
(d) Absence of visible cracks shall be consider¢d proof
that the window design meets the crack-fee CPP
requirement of this Standard.

les, the
inaided
bve 20/

2-2.6.7 Test Temperature Criteria. The temperature
of the window, the window test assembly, and fts pres-
surizing medium during the performance of prpof tests
is allowed to deviate from the specified design t¢empera-
ture by the following margin:

(a) for the short-term pressurization of para
+10°F (5.5°C)

(b) for the long-term pressurization of para
+10°F (5.5°C)

(c) for the cyclic pressurization of para. 2-2.6.p, +25°F
(14°C)

2-2.6.8 Fixturing. All STPP, LTPP, and CPR testing
shall be performed with each window mounted $ecurely
in a test fixture designed to withstand the maximum
test pressure to which the window may be subjjected.

(a) The window seat dimensions of the tesf fixture

2-2.64,

2-2.6.5,

(b), (T, (@), ard (e above statt besustained pressure
loading of individual windows for a duration of 10,000
hr at design temperature per one of the following test
programs:

(1) One window shall be tested at sustained pres-
sure equal to 0.9 STPP.

(2) Two windows shall be tested at sustained pres-
sure equal to 0.85 STPP.

(3) Three windows shallbe tested at sustained pres-
sure equal to 0.8 STPP.
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for full-size windows shall be the same asthdse used
for the viewport flanges with operational full-size
windows.

(b) The window seat dimensions of the test fixture
for model-scale windows shall be scaled down from test

fixtures for full-size windows.

2-2.6.9 Scaling. The successful qualification of a
window design with nonstandard geometry, or with
standard geometry and lower CF, for a chosen design
pressure and temperature under the procedures of
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paras. 2-2.6.2 through 2-2.6.8, qualifies also other win-
dow designs with the same geometry and same or higher
t/D; ratios for the same or lower design pressure and
temperature.

2-2.7 Design Life

2-2.7.1 General. The design life of a window is a
function of its geometry, conversion factor, t/D; ratio,

and meeting the requirements of this Standard shall be
20 years from the date of fabrication.

2-2.7.9 Increase in Cyclic Design Life. For standard
geometry PVHO viewports having a design pressure of
less than 2,000 psi (13.8 MPa), other than hyperhemisph-
erical and NEMO types, the number of design pressure
cycles can be increased in excess of that stated in
PVHO-1 through experimental pressure testing proce-

and ser
only cgmpressive or very low tensile stresses have a
longer {lesign life than those that are exposed to high
tensile gtresses. The design life of windows in the first
category shall be 20 years, while for the windows in the
latter cgtegory it shall be 10 years. The design life of
windows under this Standard is defined in paras. 2-2.7.2
through 2-2.7.8.

2-2.7.2 Flat Disc Windows. The design life of flat
disk wihdows shown in Fig. 2-2.2.1-1 and meeting the
requireents of this Standard shall be 10 years from the
date of [fabrication.

2-2.7.3 Conical Frustum Windows. The design life
of conidal frustum windows shown in Fig. 2-2.2.1-1 and
meeting the requirements of this Standard shall be
10 year$ from the date of fabrication for ¢/D; < 0.5 and
20 year$ for t/D; > 0.5.

2-2.7.4 Double Beveled Disk Windows. The design
life of|double beveled disk windows shown in
Fig. 2-2{2.1-1 and meeting the requirements of this Stan-
dard sHall be 10 years from the date of fabrication, for
t/D; < (.5 and 20 years for t/D; = 0.5.

2-2.7.5 Spherical Sector With Conical Edge, Hyper-
hemisphere with Conical Edge, and NEMO Type'Windows
With Conical Edge Penetrations. The'design life of
sphericpl sector with conical edge, hyperhemisphere
with copical edge, and NEMO typewindows with coni-
cal edge penetrations shown(in Figs. 2-2.2.1-2 and
2-2.2.1-4 and meeting the requirements of this Standard
shall bg 20 years from the.date of fabrication.

: : PR V. VAN | oot -t
reeenvironment—y v Inaow S tratarceXposca—Tto

2-2.7.6 Spherical Sector Windows With Square Edge
and Hemispherical\Windows with Equatorial Flange.
The dedign life of spherical sector windows with square
edge ahd hemispherical windows with equatorial
flange, $hownyin Figs. 2-2.2.1-2 and 2-2.2.1-3 and meeting
the reqyirements of this Standard, shall be 10 years from

dures, provided the following procedures and require-
ments are met:

(a) For each window design, at least ope.window
of identical shape, dimensions, and design“pressfire-
temperature rating shall be pressure cyeled from zerp to
design pressure to determine whethebits'cyclic presgure
fatigue life exceeds the 10,000-cycle limit stated in
PVHO-1. The pressure tests shall take place with|the
window installed in a test fixture whose window peat
dimensions, retaining ring;sand seals are identical to
those of the PVHO chamber.

(b) The window ‘shall be pressurized with ga
water. The design ‘pressure shall be maintained f
minimum of ¥5\min, or 1.5 times the time it takes| for
creep to stdbilize, whichever is greater, followed by
depressutization that is to be maintained for a minimjum
of 10 min or 1.5 times the time it takes for creep to
stabilize, whichever is greater. The pressurization pnd
depressurization rates are not to exceed 650 psi/min
(4.5 MPa/min).

(c) The temperature of the pressurizing medium dlur-
ing the test shall be the design temperature for which
the window is rated with a tolerance of +0/—5°F
(+0/-2.6°C). Brief deviations from the above tempgra-
ture tolerances are allowed, provided that the deviatfons
do not exceed +10°F (5.5°C) and last less than 10 min
within each 24 hr of continuous testing.

(d) If leaks develop during pressure cycling, the win-
dow shall be removed and pertinent information (cycle
count, cause, extent of damage, etc.) recorded. Iff no
damage was noted to the window, new seals may be
installed. The number of cycles credited to the window
shall be those recorded at the last visual inspection pior
to seal failure. After the new seal is installed, two pjres-
sure cycles (without leaks) shall be performed witlout
credit to assure proper seating, temperature stabiolEa-

p OI
r a

tion, and creep normalization. If the new seal perfofms
satisfactorily, the numbering of test cycles shall continue

the date of fabrication.

2-2.7.7 Cylindrical Windows for Internal Pressure
Applications. The design life of cylindrical windows
for internal pressure applications shown in Fig. 2-2.2.1-3
and meeting the requirements of this Standard shall be
10 years from the date of fabrication.

2-2.7.8 Cylindrical Windows for External Pressure
Applications. The design life of cylindrical windows
for external pressure applications shown in Fig. 2-2.2.1-3
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from the number recorded at the last visual inspection
prior to seal failure, minus the above two cycles.

(e) At scheduled intervals during the pressure test,
the windows shall be visually inspected for the presence
of crazing, cracks, or permanent deformation. This
examination may be performed without removal of the
window from the chamber or test fixture.

(f) Crazing, cracks, or excessive permanent deforma-
tion visible with the unaided eye (except for correction
necessary to achieve 20/20 vision) shall be considered
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failure of the windows and shall be so noted on the test
report. Permanent deformation more than 0.001D; in
magnitude measured at the center of the window shall
be considered excessive, and shall be cause for rejection.
The number of credited test cycles shall not exceed the
number of cycles achieved during the previous success-
ful inspection.

(g) Pressure test reports shall certify the results of the

window and the metallic flange, it must be assumed in
stress calculations that the window does not provide
any reinforcement for the hull material around the pene-
trations.

2-2.9.2 Calculation Method. Any of the analytical
or empirical methods for stress and displacement calcu-
lations acceptable to the applicable Division of
Section VIII of the Code may be used for dimensioning

pressure test Cnpipc of the pressure test reparts shall
be furnished to the purchaser.

(k) For windows having a design pressure design life
of 10,000 cycles, an extension of one cycle may be granted
by the Standard for each two test cycles after completion
of the first 10,000 cycles, up to failure of the test window.
(1) The maximum number of design pressure cycles
shalll be shown on the Window Certifications.

2-2.8 Temperature and Dimensional Criteria

p-2.8.1 Thermal Expansion. Thermal expansion of
acrylic shall be taken into account during specification
of the dimensional tolerance for the window diameter to
be shown on the fabrication drawing, when the material
temperature range required by the fabrication
(pafa. 2-2.4) substantially differs from the operational
tenjperature range.

the thickness, width, and focation of the ftange around
the viewport penetration.

2-2.9.3 Reinforcement. Reinforcement-for penetra-
tions of chambers must meet the reqtiirements [of para.
1-7.11 and the requirements of the @pplicable Division
of Section VIII of the Code.

2-2.9.4 Requirements for/Large Openings. [The fol-
lowing minimum requiréments shall be met by viiewport
flanges shown in Figs.2-2:10.1-1 through 2-2.10.1-4, with
a finished diameter. 0péning in excess of 24 in. (65 mm).

(a) Radial defermation of the window seat gt maxi-
mum internal 6r) external design pressure must be less
than 0.002D;

(b) Afigtlar deformation of the window seat
muninternal or external design pressure mus
than 0.5 deg.

ht maxi-
be less

p-2.8.2 Shape and Sealing Arrangement. For wide Viewport flanges shown in Figs. 2-2.10.1-5 fhrough
~ opdrational temperature ranges, a window shape and , ~2-2.10.1-8 do not have to meet the radial and [angular
- sealing arrangement should be selected that will perst' deformation limits stated in paras. (a) and (b) pbove.
5‘: form sgtisfactorily at both the Ipaximum and minimgm 2-2.10 Window Seats
. opgrational temperatures. Radially compressed O-ring
- sea]s and spherical sector windows with a square edge 2-2.10.1 Dimensional Requirements. The window

- are|not suitable for such service when thé. change in
- window diameter over the operational témperature
rar|jge results in a diametral clearance >0.020 in.
(>0[5 mm) between the window and‘its seat.

p-2.8.3 Clearance Criteria. ( The diametral clearance
betpveen the window and {ts)seat cavity at maximum
opdrational temperature shall not exceed 0.001D, for flat

seat cavity in the viewport flange must be dimensioned
to provide the window bearing surface with support
during hydrostatic testing and subsequent opetation at
maximum design pressure. The dimensions of window
seat cavities for standard window geometries arg shown
in Figs. 2-2.10.1-1 through 2-2.10.1-8.

2-2.10.2 Surface Finish. The surface finish on the

disk and spherical segtor windows with square edges. =~ window seat cavity must be 64 pin. RMS or finef, except
Th¢ external diameterof the conical frustums and spher-  surfaces in contact with a bearing gasket shall nojt exceed
ical shell windows:with conical edge may exceed the 125 pin. RMS.

major diametexr of the conical seat in the flange by
0.002D, at thaximum operational temperature, provided
the|edge“of ‘the window is beveled in such a manner
tha} the-conical bearing surface of the window never

extendsbeyond-the bearingsurface-ofthe seat

2-2.10.3 Corrosion Mitigation. If the window seat
is not fabricated of inherently corrosion resistajt mate-
rial, the surface of the window seat cavity shall be pro-
tected against corrosion expected in the|design

2-2.8.4 Window and Seat Diameter. The nominal
diameters of the window and of the window seat in
the flange shall be identical. The actual diameters at
standard temperature will differ, but still will be within
the dimensional tolerances specified in para. 2-2.12.

2-2.9 Viewport Flanges

2-2.9.1 Contribution of Window to Reinforcement.
Due to the difference in moduli of elasticity of the plastic

21

environment. A weld overlay of corrosion resistant
material prior to final machining is acceptable. Other
acceptable means are painting, anodizing, or plating
with electroless nickel.

2-2.11 Window Seals

2-2.11.1 General Requirements. As primary seals
for standard window geometries shown in Figs. 2-2.2.1-1
through 2-2.2.1-4, a soft elastomer compressed between
the high pressure face of the window and retainer ring
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will be acceptable. The soft elastomeric seal may take
the form of a flat gasket, or a seal ring with O, U, or X
cross section. The gasket or seal ring must be of sufficient
thickness to permit adequate compression without per-
manent set. Double beveled disk and cylindrical win-
dows shall utilize, as a primary seal, a seal ring radially
compressed between the cylindrical surface of the win-
dow facing the pressure and the cylindrical window

value shall be equal to or exceed the magnitude of com-
pression specified by para. 2-2.11.3 at standard temper-
ature.

2-2.11.5 Electrogalvanic Requirements. The
retainer ring and the fasteners shall be fabricated from
materials that are electrogalvanically compatible with
the viewport flanges. Unreinforced plastics and fiber
reinforced plastic composites are not acceptable materi-

seat in the flange. Hyperhemispherical and NEMO type
windows may also utilize, as a primary seal, an elasto-
meric pptting compound that adheres to both the exter-
nal sphprical surface of the window and the lip of the
mountihg flange.

2-2.11.2 FlatDisk Windows. Flatdisk windows with
design pressure less than 15 psi may utilize as the pri-
mary s¢al an elastomeric potting compound that, after
injectiof into the annular space between the edge of the
and the cylindrical surface of the seat (which

and the seat surfaces. The primer and elasto-
otting compound selected for this application

als tor this application.

ner
be

2-2.11.6 Retainer Ring Design Factor. The reta
ring and the associated fastening arrangement sha:‘]i
designed with a safety factor of 4, based on‘the ultinjate
strength of materials. The design préessuire forcing|the
window against the retainer ring shall not be less than

5 psig.

2-2.11.7 Minimum Compfession. The minimum
compression of seal rings-shall be governed by specifica-
tions of seal ring manufacturers for the given seal fing
size and service.
lis

2-2.11.8 Secondary Seal. A secondary sed

must b¢ compatible with the window material, and the ~ Trequired k.>etween th? window anq the steel cavity peat
pottinglcompound must retain its elastomeric character- for f.lat disks; s.phencal sectors with square edge, and
istics ir] the operational temperature range and envi- hemispherés with equatorial flange. The secondary peal
ronme also serves as a bearing gasket for the window. This

as the fgce seal, the retainer must precompress the gasket

gasket must be bonded with contact cement to the mgetal
flange seat. Thickness of the gasket must not exdeed
Y% in. (3.0 mm). Neoprene impregnated nylon cloth, fieo-

to ensure a minimum of 0.01 in. compression of the= " prene of 90 durometer hardness, and cork gaskets|are
gasket petween the retaining ring and the face of*thé acceptable for such application.
axially fisplaced window at design pressure. .

For cpnical frustum and spherical sectop-winidows 2-2.11.9 Seal Ring Grooves
with cohical edge, the magnitude of the maximum axial (a) Seal ring grooves are neither permitted in the sur-
displadement may be calculated oni\the basis of face of any window shape, nor the bearing surface off the

Fig. 2-2{10.1-1, utilizing the specified (D}/"Dyratios as the
maximyim predicted limits of axial displacement during

seat in the mounting, unless data showing that identical
window assemblies that have successfully met the ctite-

pressur|zation to design pressure based on the assump-  ria of para. 2-2.6.6 are included with the window degign
tion thdt the minor diametef, D;, of the window will  certification package.
vertically displace to the Dy of the window. (b) Seal ring grooves are permitted in the window

For flpt discs, spherical'sectors with square edges, and
hemispheres with equdtorial flanges, the magnitude of
maximym axial window displacement may be calcu-

ted
the

m.

seat in the mounting, provided that the groove is locg
in the nonbearing surface of the seat. The edges of]
O-ring groove shall be beveled with a radius of 0.0]

lated byl multiplying the thickness of the bearing gasket < R < 0.02 in. (0.25 mm < R < 0.50 mm).
by 0.30
y 2-2.11.10 Edge Seals. Edges of bearing surfacgs at
2-2.11.4" Gasket Compression. The compression of  the high pressure faces of windows may be beveled| for

the soft elastomeric gasket by the retainer ring around
the circumference of the window shall be uniform. The
magnitude and uniformity of compression shall be
checked by measuring, around the circumference of the
window, the distance between the surface of the window
and the external surface of the retainer ring before and
after torquing down on the ring. The measured values
of gasket compression measured at fastener locations
and measured midway between fasteners shall not differ
from each other by more than 25%, and the minimum
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containment of O-rings provided that the width of the
bevel as shown on Figs. 2-2.11.10-1 and 2-2.11.10-2 shall
not exceed 0.12¢ for spherical sectors, 0.62t for hyper-
hemispheres, 0.5¢ for conical frustums, 0.25¢ for flanged
hemispheres, 0.125¢ for spherical sectors with square
edges, 0.125¢ for cylinders, and 0.25¢ for flat disks under
one-way pressurization. For flat disks serving as two-
way windows, both edges may be beveled, provided
D,/D; > 125, and D, is measured only to the edge of
the plane bearing surface.

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS Not for Resale


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2007.pdf

ASME PVHO-1-2007

2-2.11.11 Configurations. The configuration of win-
dow mountings and seal arrangements shown in
Figs. 2-2.5.1-1 through 2-2.5.1-15 represent designs
acceptable under this Standard and are shown there
only for the guidance of designers.

2-2.11.12 Replacement Windows. Replacement
windows for pressure chambers fabricated to design
criteria of ANSI/ASME PVHO-1-1977 or ANSI/ASME

2-2.12.4 Flat Disk Windows

2-2.12.4.1 Window External Diameter. The dimen-
sional tolerance of the external diameter of the window
shall be based on the type of sealing arrangement for
the window.
(a) The external diameter of the flat disk window
shall be within +0.000/-0.010 in. (+0.000/-0.25 mm) of
the nominal value if the window is to be sealed in the

PVHO-I-T98T may incorporate O-ring grooves in non-
beafring surfaces of the window provided

(#) the window meets all the requirements of the 1977
981 edition

(b) the accompanying design certification notes that
the|window is a replacement for an existing pressure
vespel built to the 1977 or 1981 edition

or

2-2112 Dimensional Tolerances and Surface Finish

-2.12.1 Thickness. Thickness of the window shall
everywhere equal to or greater than the nominal
e determined by the procedures of para. 2-2.5.1.

be

val

P-2.12.2 Conical Windows

(#) The major diameter of the conical bearing surface
on § window shall be machined within +0.000/-0.002D,
of the nominal value.

(b) The included conical angle of the window must
ithin +0.25/-0.000 deg of the nominal value.

(¢) The included conical angle of the window seat in
thelflange must be within +0.000/-0.25 deg of the nemti-
nalfvalue.

(§) The conical seat in the flange shall ndt-deviate
mofe than 0.001D, in. from an ideal circle\when mea-
surpd with a feeler gage inserted between the mating
corfical surfaces of the seat and of tthe window at its
outer circumference. The axial foree used to seat the
window during this test shall'hot exceed 10D, Ib
(4.33D, kg) applied uniformly around its circumference.
(¢) The major diameter{ofithe conical seat cavity in the
flanjge must be within-0.002D,/~0.000 of the nominal
valfie.

be

2-2.12.3 Spherical Sector Windows. The concave or
conjvex surface of a spherical window shall not differ
from an ideal spherical sector by more than +0.5% of
the[specified nominal external spherical radius for stan-
dard €F values (see Tables 2-2.3.1-3 and 2-2.3.1-4, and

seat cavity with a radially compressed O-ring.
(b) The external diameter of the flat disk*window
shall be within +0.000/-0.060 in. (+0.000¥*1.5{mm) of
the nominal value if the window is tQ b€ sealed in the
seat cavity with a seal ring wedged into the [annular
space between the retaining ring,the windowf|s bevel,
and the cylindrical surface of-the seat cavity.
(c) The external diameter¢f the flat disk windpw shall
be within +0.0/-0.125R of the nominal value if the
window is to be sealed in the seat cavity with a flat
elastomeric gasket” axially compressed |y the
retaining ring.
(d) The external diameter of the flat disk Window
shall be within +0.00/-0.02D, of the nominal [value if
the windoOw is to be sealed in the seat cavity with a room
temperature curing elastomeric compound injedted into
the annular space between the edge of the window and
the cylindrical surface of the seat.
(e) The plane bearing surface of the flat disk
shall not deviate more than 0.001D, from an ide

window
] plane.

2-2.12.4.2 Seat Cavity Diameter. The dim¢nsional
tolerance on the external diameter of the window seat
cavity shall be based on the type of sealing arrafgement
for the window.

(a) The diameter of the seat cavity for a flat djsk win-
dow shall be within +0.01/-0.00 in. (+0.25/-0J00 mm)
of the nominal value if the window is to be spaled in
the seat cavity with a radially compressed O-ring.

(b) The diameter of the seat cavity for a flat djsk win-
dow shall be within +0.06/-0.00 in. (+1.5/-0000 mm)
of the nominal value if the window is to be spaled in
the seat cavity with a seal ring wedged into the [annular
space between the retaining ring, the windowf(s bevel,
and the cylindrical surface of the seat cavity.

(c) The diameter of the seat cavity for a flat djsk win-
dow shall be within +0.125/-0.000 in. (+3.2/-0{00 mm)
of the nominal value if the window is to be sgaled in

Figs. 2-2.5.1-6, 2-2.5.1-7, 2-2.5.1-14, and 2-2.5.1-15). Mea-
surements shall be made from an external segmental
template whose radius falls within specified dimen-
sional tolerance, and whose length is equal to the win-
dow’s included conical angle or 90 deg, whichever is
the lesser value. The thickness of the spherical window
may decrease from its base to its apex provided that the
minimum thickness meets the requirements of
para. 2-2.5 for the design pressure and design tempera-
ture of the particular spherical window geometry.
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the seat cavity with a flat elastomeric gasket axially
compressed by the retaining ring.

(d) The diameter of the seat cavity for a flat disk
window shall be within +0.01D,/-0.000 of the nominal
value if the window is to be sealed in the seat cavity
with a room temperature curing elastomeric compound
injected into the annular space between the edge of the
window and the cylindrical surface of the seat.

(e) The plane bearing surface of the seat cavity shall
not deviate more than 0.002D, from an ideal plane when
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measured with a feeler gage inserted between the mat-
ing plane surfaces of the flat disk window or a circular
plug gage and the bare seat cavity. The axial force used
to seat the window or the plug gage shall not exceed
10D, 1b (4.53D, kg) applied uniformly around its circum-
ference.

2-2.12.5 Spherical Windows
(a) The external diameter of the spherical window

appropriate certification form using PVHO-1 Form VP-2
as a representative sample.

2-2.13.4 Drawing Transmittal. The manufacturer
shall transmit the design certification plus construction
drawings to the window fabricator at the time of fabri-
cation.

2-2-14 Windows With Inserts for Penetrators

with sj:Jare seat shall be within +0.000/-0.0005D, of
the nonpinal value.

(b) The diameter of the seat cavity for a spherical
window with square seat shall be within +0.0005D,/
-0.000 ¢f the nominal value.

(c) The plane bearing surface of the seat cavity shall
not devjate more than 0.001D, from an ideal plane when
measurgd with a feeler gage inserted between the mat-
ing plarje bearing surfaces of the spherical window with
a squarp edge and the seat cavity. The axial force used
to seat the window shall not exceed 10D, Ib (4.53D, kg)

2-2.14.1 General. Inserts that serve as bulkhdads
for electrical, mechanical, optical, or hydraulie-pendtra-
tors can be incorporated into acrylic windows provided
that the penetrations and inserts meet the requirements
of this paragraph. These requirements{ate grouped nto
categories of window shapes, pressure'service, pengtra-
tion location, penetration configuration, insert matefial,
insert configuration, seatirg arrangements, ingert
retainment, pressure testingand certification.

2-2.14.2 Shape Limijtations. The window shapds in

applied| uniformly around its circumference. which penetrations ¢an‘be incorporated without requc-
) Lo . ) ing their working pressure are spherical shell secfors
2-2.32.6 Cylindrical Windows. The maximum out-  yith conical seats (see Fig. 2-2.2.1-2), hemispheres with

of-rounfiness of a cylindrical window shall not differ
from ar| ideal cylinder by more than +0.5% of the speci-
fied norninal external radius for standard CF values (see
Table 242.3.1-5).

2-2.12.7 Surface Finish. The bearing surface of the
window shall have an as-cast or machined finish no
roughet than 32 pin. RMS.

2-2.12.8 Viewing Surface. Viewing surfaces shall
be polished to satisfy ASTM D 702 optical clarity réquire-
ments.

2-2.12.9 Other Surfaces. All other stirfaces shall be
machingd or sanded to attain at leasty'a 63 pin. RMS

or without flahges (see Fig. 2-2.2.1-3), hyperhemisphgres
(see Figrn2-2.2.1-4), and NEMO spheres (see
Fig. 2-22:1-4).

2-2.14.3 Penetration Limitations. Windows with
penetrations can be incorporated into pressure vessels
for external or internal pressure service provided that
the design pressure acts only upon the convex surface
of the window.

2-2.14.4 Penetration Locations (Spherical Shell $ec-
tor). On spherical shell sectors with conical seats, hgmi-
spheres without flanges, hyperhemispheres, and NEMO
spheres, the penetrations may be located anywhere, pro-
vided

finish. $aw cut finish is not acceptable’on any window
surface (a) the spacing between the window seat and the e(dge
of the penetration exceeds two diameters of the p¢ne-
2-2.13 [Documentation tration
. ) b) th ing bet d f adjacent tra-
2-2.13.1 Drawing Reguiirements. The manufacturer . (b) the spacing between edges of adjacent penetra
. . ) tions measured on the concave surface exceeds|the
shall bg responsible(for ‘the translation of the design of . .
. . . . radius of the larger penetration
the wirfdow andits related viewport flange, retainer
rings, ahd seal§.into drawings capable of being used for 2-2.14.5 Penetration Location (Hemispheres). (On

fabricatjon:

2-2.13.2 Window ldentification

Drawinaes-that prn

hemispheres with flanges, the penetration may be
located only within the area between the apex and Jati-

vide construction details shall bear notice that the win-
dows have been designed and shall be built to
ASME PVHO-1. Drawings shall identify the appropriate
edition with addenda.

2-2.13.3 Design Certification. The designer shall fill
out a design certification as described in para. 2-1.3.2(a).
All pertinent design data will be shown, and any addi-
tional information utilized in the design will be refer-
enced on the certification. The designer may develop an

24

tude of 60 deg, provided the spacing between edges of
adjacent penetrations exceeds the radius of the larger
penetration measured on the concave surface.

2-2.14.6 Penetration Configuration.
tions shall have circular configurations.

The penetra-

2-2.14.7 Area of Single Penetration. The area of a
single penetration shall not exceed 15% of the window’s
surface prior to machining of the penetration in the
window.
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2-2.14.8 Total Area. The total area of all penetra-
tions in a single window shall not exceed 30% of the
window’s concave surface.

2-2.14.9 Seats. All penetrations shall have conical
seats forming surfaces of imaginary solid cones.

2-2.14.10 Included Angle. The included solid angle
of any conical seat shall be chosen to make the imaginary

2-2.14.16 Insert Shape. The inserts shall have the
shape of a spherical sector or of a truncated cone, where

(a) the solid included angle of the bearing surface on
the insert matches the conical seat in the penetration

(b) the bearing surface of the insert extends past the
edges of the seat in the penetration (Fig. 2-2.14.16-1)

2-2.14.17 Metal Inserts. Any number or size of
holes may be drilled and tapped in the metal insert

apex of the solid cone coincide with the imaginarv center

of ¢oncave curvature.

-2.14.11 Maximum Diameter. The maximum size
of the penetration diameter shall be defined by a solid
conje angle of 60 deg, provided that the area of the pene-
traion, defined as w(M,)?/4 (see Fig. 2-2.14.11-1), does
not| exceed the limits specified in paras. 2-2.14.7 and
2-2{14.8.

2-2.14.12 Tolerances. The angular and dimensional
tolgrances for penetrations, as well as for the surface
finish on the seat are shown in Fig. 2-2.2.1-1.

-2.14.13 Insert Material. The inserts for the pene-
trations shall be made from metal or from plastic, pro-
vided the material properties satisfy the following
criteria:

(#) Any metal approved by this Standard may be uti-
lizdd for the fabrication of inserts, provided that the
sel¢cted alloy is corrosion resistant to stagnant seawater
and its tensile and compressive yield strength exceed
25,000 psi (172 MPa). Steel alloys without corrosien
resjstance may be substituted for corrosion resistant
alldys if the insert is cadmium or nickel plated after
completion of all machining operations.

(b) Acrylic meeting the criteria of Table'2-3.4-2 and
polycarbonate plastic meeting, the criteria of
Tabjle 2-2.14.13-1 are acceptable maferials for the fabrica-
tion of inserts, provided that in service they shall only

(1) come in contact with fldids and gases defined
para. 2-1.2(c)

(2) be subjected tofemperatures that are lower than
the|design temperature of the window
(ast unfilled menoclithic Type 6 nylon meeting the

by

to receive hydraulic, electrical, optical, or methanical
bulkhead penetrators, provided that the openings and
their reinforcements conform to the appropriate Divi-
sion of Section VIII of the Code.

2-2.14.18 Polycarbonate Inserts.) Smooth hgles may
be drilled in the polycarbonate insert to receive hydrau-
lic, electrical, optical, or mechanical bulkhead penetra-
tors, provided

(a) the spacing betweenedges of adjacent holps in the
insert exceeds the diamieter of the larger adjacgnt hole.

(b) the spacing between the edge of the insert{and the
edge of any hole‘exceeds the diameter of that hole.

(c) the sutface finish inside the holes is 32 pjn. RMS
or finer,The holes shall be sized for the penetfators to
support the edges of the holes when the window assem-
bly.is)subjected to design pressure.

2-2.14.19 Acrylic Inserts. Smooth holes|may be
drilled in the acrylic insert to receive hydraulic| electri-
cal, optical, or mechanical bulkhead penetratprs pro-
vided

(a) the spacing between edges of adjacent holps in the
insert exceeds two diameters of the larger adjac¢nt hole.

(b) the spacing between the edge of the insert{and the
edge of the hole exceeds two diameters of the |hole.

(c) the surface finish inside the holes is 32 pjn. RMS
or finer. The holes shall be sized for the penetfators to
support the edges of the holes when the window assem-
bly is subjected to design pressure.

2-2.14.20 Insert Thickness. The thicknes$ of the
insert shall depend on the material from which the insert
is fabricated.

criteria of Table 2-2.14.13-2 may be utilized for the fabri- (a) For plast.ics, the thickness .Of the inserty in the
catfon of beating gasket inserts for NEMO windows (see shape or spherical sectors or conical frustums shall be
calculated on the basis of maximum allowabl¢ tensile

Fig| 2-2.10:1<8).

p-2,14.14 Temperature Considerations. Since the

and compressive stresses specified for the chosgn mate-
rial by the appropriate division of Section VIII of the

ten Fclatulc Uf d DhULth Uut C}CLtl;\_Cl} \.Ullllc\_tul J.J.l.q.)’
exceed the design temperature of the plastic insert, the
designer must forestall the potentially unacceptable
temperature rise by limiting the magnitude and/or
duration of power input to the connector during an
electrical short.

2-2.14.15 Insert Tolerances. The angular and
dimensional tolerances for inserts are shown in
Fig. 2-2.14.15-1. All surfaces on the insert shall have a
finish of 32 pin. RMS or finer.

25

(b) Analternate approach requires hydrostatic testing
of the new insert design in an acrylic seat to 3 times the
desired design pressure without producing permanent
deformation >0.2%. The pressurization shall be at a
650 psi/min (4.5 MPa/min) rate.

2-2.14.21 Duplicate Inserts. Duplicate inserts of the
same material, design, and construction need not be
proof tested but shall be pressure tested according to
section 2-7.
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2-2.14.22 Insert Seals. Allinserts require two sepa-
rate seals to prevent entry of water through the joint
between the bearing surface of the insert and the seat
in the window: a primary seal and a secondary seal.

(a) Sealing between the insert and the window shall
be provided by two seals. A primary seal shall serve as
the contact between the two conical mating surfaces on
the insert and window. A secondary seal shall serve as

(a) The pressure test shall take place with the insert
installed in the window, or an acrylic test fixture whose
thickness, surface curvatures, and penetration dimen-
sions are identical to those in the window.

(b) The pressure test shall be conducted according to
procedures described in section 2-7.

(c) The test pressure and temperature shall be deter-
mined by the design pressure and temperature of the

windowinwhich-theinsert shallbe installed forservice.

the contact between the two canical mating surfaces on
the insqrt and window. A secondary seal shall serve as
elastomjeric material held captive between the convex
window surface and a flange on the insert.

(b) Experimentally proven secondary seal designs

shown fn Fig. 2-2.14.22-1 represent designs acceptable (a) design certification )
under this Standard and are provided for guidance only. (b) material manufacturer’s certification

2-2.14.23 Insert Seal Groves. Grooves for contain- (2) rfnitc?rlal. prc()ipertles certifiggtion
ment off seals shall not be machined in either the conical (d) fabrication data report

seat on|the window or the conical bearing surface on
the insdrt in contact with the window. It is acceptable
porate an O-ring groove in the conical bearing

2-2.14.24 Insert Retention. The inserts shall be

be
the

2-2.14.28 Insert Inspection. Each insert Shal
individually certified. The certification shallinclude
following;:

(e) pressure testing certification

2-2.14.29 Insert Certification Procedure. Each of the
certifications shall follow the procedure described in
para. 2-1.3.2, exeept-that the material certifications| for
polycarbonate/and metallic inserts shall differ from|the
one specified/for acrylic.

(a) For.pelycarbonate, the supplier shall provide a
report listing the results of tests performed according
to Table 2-2.14.13-1 on coupons cut from the stock ysed
in the fabrication of inserts.

(b) For metal, the supplier shall provide a certified

(a) Tlhe mechanical restraint shall be capable of\* mill test report. The report shall include the results of
retaininfg the insert against a pressure of 15 psi (0.1 MRa)  all the tests as required by the material specificatipns,
applied|against the concave surface of the window.and  including chemical analysis and mechanical testq. In
bending moments generated by wave slap and iydrody-  addition, the results of any applicable supplemenfary
namic drag against cables, hydraulic lines, or méchanical tests shall be recorded.
linkagés attached to the insert. The ¢ensile stress
resultipg from bending moment shall not exceed
2,500 psi (12.2 MPa). 2-3  MATERIAL

(b) Experimentally proven restrairt designs shown in . . e
Fig. 2-2 1p4.24-1 reprgsle)nt designs acceptab%e under this 2-3.1 Material Restrictions
Standard and are provided for'guidance only. Windows shall be fabricated only from cast pply-

2-2.14.25 Insert Stréss Relief. All inserts shall be ~ Methyl methacrylate plastic, hereafter referred tg as
stress relieved aftersallthe fabrication processes have acrylic.
been cpmpleted.~Acrylic shall be stress relieved .
accordifg to thesschedules of Table 2-4.5-1. Polycarbo- 2-3.2 Laminated Sheets
nate shall be stréss relieved for a period of 8 hr at 250°F Laminating several sheets of acrylic to arrive at|the
(120°C) desired window thickness is not permitted.

2-2.14.26 Insert Inspection. FEach finished insert
shall be subjected by the fabricator to a quality control
inspection. The quality control inspection shall consist
of dimensional and visual checks whose objective is to
determine whether the finished insert meets the dimen-
sional tolerances, material quality, and surface finish
requirements specified in para. 2-2.13.

2-2.14.27 Insert Pressure Test. Each insert shall be
pressure tested at least once prior to being accepted for
service.

26

2-3.3 Acrylic Bonding

Joining of acrylic castings by bonding is permitted
provided the following requirements are met:

(a) The joint shall be subjected only to membrane
compressive stresses.

(b) The properties of the bond joint shall meet or
exceed those specified in para. 2-3.10.

(c) Thejoint shall be pressure tight during hydrostatic
testing of the window.
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2-3.4 Acrylic Requirements

The acrylic used for fabrication of windows must sat-
isfy the following two general requirements:

(a) The casting process used in production of acrylic
shall be capable of producing material with the mini-
mum physical properties shown in Table 2-3.4-1. The
manufacturer of material shall provide certification to
the wmdow fabrlcator that the typlcal phy51ca1 proper-
tie§©

by Jot number and shall be marked in such a way that
each casting shall be positively identified with the lot
nummnber. If the manufacturer is not willing to certify that
the|typical physical properties of the castings meet the
reqpirements in Table 2-3.4-1, experimental verification
of ll properties shown in Table 2-3.4-1 becomes man-
datpry.

(b) The acrylic castings from which the windows are
prqduced must meet the minimum physical properties
specified in Table 2-3.4-2 after the castings have been
annealed per para. 2-4.5. The acceptance tests of castings
shalll be conducted for the window fabricator by the
mahufacturer of acrylic or by an independent materials
tesfing laboratory. The results of the material acceptance
tests (specified in Table 2-3.4-2) for sheet or custom cast-
ingp shall be certified on a form equivalent to PVHO-1

ess as Ao \meet the requirements of Table 2-3.4-1

without expefimental verification. To classify a casting
as 3 Type1 custom casting, the manufacturer of acrylic
mupt \certify that he has produced castings of similar

2-3.6 Material Property Tests

Acceptance tests performed according to para. 2-3.4(b)
on a single casting can be used not only to certify the
particular casting, but also, under special circumstances,
to certify an entire lot.

(a) Acceptance tests performed according to
para. 2-3.4(b) on one sheet casting chosen at random
from a lot of acryhc cast sheets shall serve to certify all
art—thre aefurer of
acrylic shall positively and permanently identtfy each
sheet so certified with a lot number and the des{gnation
ASME PVHO-1.

(b) The manufacturer of acrylic sheet castings may
certify that a product of a given. thickness meets the
typical physical properties spécified in Tablg 2-3.4-1
without identification of 16 number. Each capting so
certified must have accéptance tests performed on it
according to para. 2-3.4(b) and at that time have dssigned
to it an inventory_eontrol identification that phall be
affixed to the casting by the window fabricdtor and
utilized in, lfeu of a lot identification| in all
ASME PVH@-1 documentation.

(c) Acceptance tests performed according to
para..2:3:4(b) on specimens cut from one Type 1| custom
castings shall serve to certify all castings of that{lot. The
manufacturer shall positively and permanently identify
each certified casting with lot number and safdty stan-
dard designation ASME PVHO-1.

(d) Single Type 1 custom castings shall have accept-
ance tests performed according to para. 2-3.4(a) and (b)
on specimens cut from each casting.

(e) Type 2 custom castings shall have tests pefformed
according to para. 2-3.4(a) and (b) on specimens ¢ut from
each casting to experimentally verify that thg acrylic
possesses the physical properties specified [in both
Tables 2-3.4-1 and 2-3.4-2. Tests for experimentgl verifi-
cation of properties in Table 2-3.4-1 shall serve also to
certify the properties in Table 2-3.4-2.

2-3.7 Properties Test Specifications

Testing of acrylic castings for the physical and optical
properties specified in Tables 2-3.4-1 and 2-3.4-2 shall
follow ASTM methods where applicable. Whege possi- :
ble, samples for testing shall be taken from an[integral -
part of the casting. A test coupon casting may |pe used
to supply material for testing provided the test{coupon :

and window castings meet the lot requirements. Sam-

shape and thickness and of the same material in the
past and that such castings have met the requirements
of Table 2-3.4-1.

(b) Type 2 custom castings are defined as being pro-
duced in such a thickness or configuration, or by such
a process that the manufacturer of acrylic must experi-
mentally verify that the acrylic castings possess the mini-
mum physical properties specified in Table 2-3.4-1. All
custom castings failing to meet the requirements of
Type 1 shall be classified as Type 2 custom castings.

ples for testing are to be cut so that no surface of the
test sample is closer to an unfinished cast surface than
the normal trim line. Where possible, test samples shall
be cut from the central portion of the original casting
(e.g., a large casting cut into several windows). The test
methods for physical properties specified in Table 2-3.4-2
shall be as follows:

(a) Tests for tensile properties shall be performed per
ASTM D 638, using a testing speed of 0.20 in. (5.0 mm)
per min +25%.
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(b) Tests for compressive deformation shall be per
ASTM D 695.
(c) Tests for Compressive Deformation
(1) General. Tests for compressive deformation
shall be performed using specimens loaded to 4,000 psi
(27.6 MPa) and tested at 120°F (50°C). The sample size
isa % in. (12.5 mm) cube. To test nominal % in. (12.5 mm)
thick material, machine the specimen in such a manner

that the_as-cast surfaces serve as the load-bearing sur-

transmittance in the 290 nm to 330 nm wavelength band.
Report the value of one specimen of % in. +0.01 in.
(12.7 + 0.25 mm) thickness with light passing through
polished faces. Report the maximum percent transmis-
sion detected between 290 nm and 330 nm and the peak
location where the maximum percent transmission was
located. Measurements can be made on the casting or
on the monomer mix from which the plastic is to be

faces. T)o not stack samples to reach % in. (12.5 mm)
height; [nstead test a sample, % in. x % in. (12.5 mm x
12.5 mm) nominal thickness. For materials that are cast
with irfegular surfaces or thicker than Y% in. (12.5 mm),
maching the samples from the casting such that com-
pression face is as close as possible to the bottom side
of the cpsting.

(2)|Procedure. Place the test specimen between the
anvils ¢f the testing machine. Apply the load to the
specim¢n without shock and take the initial reading
10 sec dfter the full load is on the specimen. At the end
of 24 hlr, take a second reading and record the total
change [in height. Determine the original height of the
specimgn by measuring the specimen after it is removed
from the testing machine and adding this to the total
change in height as read on the dial of the testing
maching.

(3)| Calculation. Calculate the deformation as the
percenthge change in height of the test specimen after
24 hr, ap follows:

Deformation, % = (A/B) x 100

change in height in 24 hr (= height after load
application — height after 24 hr)

B = |original height (= height after’temoval + total
change)
(4)|Report. The report shalkinclude the following:

() original height ofthe test specimen

(p) thickness of the\ctibe

(t) conditioningprocedure

() temperature of test and the force applied

(p) changein height of the test specimen in 24 hr
(f) deformation (flow or combined flow and
shrinkage) expressed as the percentage change in height
of the tgst Specimen calculated on the basis of its original

cast. Solid samples shall have two polished faces through
which the light passes.

(e) The clarity of a casting shall be visuallyJrafed.
Clear print of size 7 lines per column inch (25 mm) and
16 characters to the linear inch (25 mm) shall be clearly
visible when viewed from a distance @f 20 in. (500 hm)
through the thickness of the casting/with the oppgsite
faces polished.

(f) Since an ASTM standard method is not avail
for measurement of residual acrylic monomer, the pr
dure specified in para. 2-3;8 is recommended.

hble

pce-

2-3.8 Testing for Unpolymerized Acrylic

A sample of-stitable size shall be obtained and gna-
lyzed for ufipelymerized methyl methacrylate and
unpolymetized ethyl monomers using gas liquid chro-
matographic techniques (described in Snell and Qtto,
Encydlopedia of Industrial Chemical Analysis, Interscignce
Publisher, 1972, Vol. 4, pp. 211-217, and Vol. 16, p{99,
or one giving equivalent results). Samples for tesfing
are to be cut so that the center point of the analyjzed
piece is no closer to the original edge or surface of|the
casting than the thickness divided by 2. The following
(after Cober and Samsel, SPE Transactions “Gas Chro-
matograph, A New Tool for Analysis of Plastics,” April
1962, pp. 145-151) is a suitable procedure.

(a) The instrument shall be a Beckman GC-2A |gas
chromatograph with a hydrogen flame detector, or
equivalent, and a 6 ft (1.8 m) column of Y, in. (6.0 mhm)
stainless tubing operated at 212°F (100°C). Pack the [col-
umn with 25% diethylene glycol adipate polyegter
(LAC-2R-446, Cambridge Industries Co.) and 2% phos-
phoric acid on an 80-100 mesh Celite filter aid. [The
acrylic to be analyzed shall weigh approximately 2,0 g
and shall be dissolved in exactly 50 mL of methylene
chloride. Inject a 3 wL aliquot of the plastic-solvent splu-
tion into the gas chromatograhic apparatus. Compare
the area of the resulting peaks with the areas prodyced

height

NOTE: Measurements are to be made in consistent units mea-
sured to the nearest 0.001 in. (0.0254 mm).

(d) Test for the presence of an ultraviolet absorber
(ultraviolet transmittance) shall be made using a scan-
ning ultraviolet monochromator having a bandwidth
of 10 nm or less, a minimum sensitivity of 0.02%, a
photometer having reproducibility of +1% of full scale,
and the practices of ASTM E 308 to measure the spectral
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by the injection of a standard solution. Prepare the stan-
dard solution by dissolving 20-30 mg of pure monomers
in 50 mL of methylene chloride.

(b) Acrylic that does not dissolve shall be analyzed
by swelling the plastic and extracting the soluble por-
tion. Place a solid piece of insoluble acrylic about 1 g
and 20 mL of methylene chloride in a glass bottle, and
place on a shaker for 24 hr. After 24 hr, the fluid portion
shall be analyzed for monomeric methyl methacrylate
and monomeric ethyl acrylate per para. 2-3.5(a).
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2-3.9 Windows Greater Than 6 in. Thick

Windows in excess of 6 in. thickness shall require
material testing of two samples from the casting. One
sample shall be taken from the surface of the casting.
The second sample shall be taken from the interior of
the casting at a distance from any surface equal to half
the thickness. The properties of each sample shall meet
the requirements of Table 2-3.4-2.

(a) The window fabricator shall establish and main-
tain a current and documented Quality Assurance Pro-
gram that complies with Section 3 of this Standard.

(b) All castings used for fabrication of windows shall
be marked prominently with letters and/or numbers
that are traceable to the material certifications (see
PVHO-1 Form VP-3, PVHO-1 Form VP-4, and PVHO-1
Form VP-1).

2-3110 Bond Testing

he physical properties of bonds shall meet or exceed
the|following;:

(#) The tensile strength of the bond shall be at least

50% of the parent material strength as established by
ASTM D 638 test on five tensile coupons cut from a
borld quality control specimen that was bonded at the
sanpe time and in the same manner as the acrylic castings
int¢gnded for actual service.
(b) The significant and critical dimensions of inclu-
sioms, as well as the critical spacing between adjacent
inclusions, shall not exceed those specified in para. 2-5.4
for fa given window shape. The critical size of inclusion
population shall not exceed the cross-sectional area of
the|bonded joint in square centimeters divided by 10.
Th¢ critical density of population shall not exceed 2
inclusions per square centimeter of contiguous joint
crogs-sectional area.

FABRICATION

1 Responsibilities and Duties for Windew
Fabricators

he window fabricator’s responsibilities include the

(f) compliance with this Stafidard and the appro-
priate referenced standard(s)

(b) procurement control lof)material, parts, and ser-
vices

(¢) establishing andundintaining a Quality Assurance
ram in accordance with Section 3

(f) documenting'the Quality Assurance Program in
accprdance with Section 3

(¢) furnishing the purchaser with appropriate Certifi-
catjon Report(s)

() ‘assuring that the subcontracted activities comply

Pr

(c) Each window shall he niimbered per para 2-6.1,
and these numbers shall be traceable to the rastings
from which they were fabricated. This traceabiljty shall
be certified on the fabrication data report, " which shall
provide, in equivalent form, the information sjown on
PVHO-1 Form VP-1.

2-4.3 Use of Solvent

No fabrication process,solvent, cleaner, or coofant that
degrades the original physical properties of th¢ acrylic
casting shall be used-during fabrication.

2-4.4 Identification

During théfabrication process, each window
identified‘with identification and fabrication ver
documenits containing pertinent material and
tion, data.

shall be
fication
fabrica-

2<4.5 Annealing

All window material shall be annealed after gll form-
ing, machining, and machine polishing have been com-
pleted. All annealing shall take place in a fofced air
circulation oven. Annealing shall be in accordance with
Table 2-4.5-1. Time and temperature data for alllanneal-
ing cycles shall be entered into PVHO-1 Forin VP-1.
A copy of the final anneal’s time /temperature chiart shall
be attached to PVHO-1 Form VP-1.

2-4.6 Polishing

Hand lapping and hand polishing to remove sfratches
caused by handling may be performed aftpr final
annealing.

2-4.7 Inspection

Each window shall be inspected in accordarnce with

section 2-5, after the final anneal.

2-5 [INSPECTION

with the appropriate requirements of this Standard

The PVHO window fabricator shall retain overall
responsibility, including certifying and marking PVHO
windows.

2-4.2 Quality Assurance and Marking

Windows shall be fabricated only from acrylic castings
satisfying the requirements of Sections 2 and 3. This
shall be accomplished by the window fabricator through
compliance with the following procedures:
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Z2-5.T Generat

The quality control inspection shall consist of dimen-
sional and visual checks to assure the finished window
meets the dimensional tolerances, material quality, and
surface finish requirements specified in sections 2-2, 2-3,
and 2-4. Windows that meet the requirements of sections
2-2, 2-3, and 2-4, plus the requirements of this section
shall be accepted. In particular, dimensional measure-
ments shall be made to show compliance with para.
2-2.12.
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2-5.2 Inspection Temperature and Orientation

All dimensional and angular measurements shall be
performed at a material temperature of 70°F to 75°F
(21°C to 24°C). For hyperhemisphere, cylindrical, and
NEMO type windows, measurements for deviation from
true circular form, such as out-of-roundness and spheric-
ity, shall be conducted at least 24 hr after placing the
window in the orlentatlon of and supported in a similar
manner
sureme
ends ar

hts of cyhndrlcal wmdows shall be taken at both
d at 25%, 50%, and 75% of the window length.

2-5.3 Surface Scratches

Scrat¢hes (or machining marks) on the surfaces of
and incJusions in the body of the window shall not be
acceptaple if they exceed the specified critical dimen-
sion, critical spacing, critical size of population, or criti-
cal dernfsity of population, or are found in a critical
locatior.

2-5.4 Ipclusion Inspection

“The dfitical dimensions of inclusions, critical spacing,
critical $ize of inclusion population, critical location, and
critical density of inclusion population depend on the
shape qf the window. Only inclusions whose diameter
or length exceeds the following specified significant
dimensfon will be considered during a visual inspection;
all othefs will be disregarded.

(a) For spherical sectors with conical edge, hyperhem-
ispheres, NEMO windows, conical frustums with ¢/D;
=0.5, dquble beveled disks with t/D;>0.5, and cylinders
under gdxternal pressure loading:

(1)|significant dimension: 0.015 in. (0.4 Mm)

(2) (critical dimension: 0.05¢

(3)|critical size of population: totalsvolume of win-
dow in|cubic centimeters divided by, 10 000

(4)|critical density of populations/one inclusion per
1in.? (16 cm®) of contiguous yolume

(5) [critical spacing betweenadjacent inclusions: select
the larger of the two adjacent inclusions and multiply
its dianjeter by a facterlof 2

(6) |critical locatigns: no inclusions are permitted on
or within critical'spacing of all of the bearing and sealing
surfaceg

(b) Fpr spherical sectors with square edge, hemi-
spheres|with equatorial flange, cylinders under internal

(6) critical locations: no inclusions are permitted on
or within critical spacing of all of the surfaces
(c) Windows may be fabricated from acrylic castings
with inclusions that exceed the 0.03 in. critical dimension
specified by para. 2-5.4(b)(2), provided that the struc-
tural performance of the window is not compromised
by the presence of these inclusions.
This is to be accomphshed by restrlctmg the inclusions

their effect on the Crltlcal pressure of the window with an
increase in tensile strength of the acrylic, or an increage in
design critical pressure of the finished window; or bpth.
(1) Inclusions are allowed in flat disks, cylindlers
under internal pressure, spherical se¢tors with square
edges, hemispheres with equatorial‘flange, double-bev-
eled disks with t/D; < 0.5, and-conical frustums with
t/D; < 0.5, provided that the following requirements
are met:
(a) Significant dimension of the inclusioh is
0.03 in. (0.8 mm).

(b) Critical dimensions of the inclusions are
(1) voids, specks, and grains of dirt, fragmeénts
of metal, woaed,/or rubber 0.06 in. (1.5 mm)
(2) hair or cloth fibers 2 in. (50.8 mm) long
(3) plastic foil fragments 0.15 in. long X 0.0 in.

widecX 0.03 in. thick (3.8 mm X 1.5 mm X 0.76 mm)
(c) Critical size of population is total volumpg of
the casting in cubic inches divided by 1,000.
(d) Critical density of inclusion population isjone
inclusion per cubic inches.
(e) Critical spacing between adjacent inclusjons
is 0.25 in. (6.35 mm).
(f) Critical locations are such that inclusions|are
not permitted closer than 0.125 in. (3.2 mm) from|the
finished window surface.
(2) The finished window containing one or njore
inclusions must satisfy one of the following structfiral
requirements:
(a) The minimum tensile strength of inclusjon-
free tensile test specimens from the lot of casting ysed
in manufacture of windows must be 211,000 psi, pnd
the short-term design critical pressure of the window
must meet the requirement of this Standard.
(b) The minimum tensile strength mus{ be
>10,000 psi, and the window’s short-term design crifical
pressure must exceed the requirements of this Standard

pressure, conical frustums with ¢/D; < 0.5, double bev-
eled disks with t/D; < 0.5, and disks:

(1) significant dimension: 0.015 in. (0.4 mm)

(2) critical dimension: 0.030 in. (0.8 mm)

(3) critical size of population: total volume of win-
dow in cubic centimeters divided by 10 000

(4) critical density of population: one inclusion per
1in? (16 cm®) of contiguous volume

(5) critical spacing between adjacent inclusions:
0.25 in. (6 mm)

by >10%.

(c) The minimum tensile strength must be
29,000 psi, and the window’s STCP must exceed the
requirements of this Standard by >20%.

2-5.5 Scratch Characterizations

Critical dimensions of scratches (or machining marks),
critical spacing, critical sizes of scratch population, criti-
cal locations, and critical densities of scratch population
depend on the shape of the window. Only scratches
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whose depth exceeds the significant dimension will be
considered during a visual inspection; all others will be
disregarded.

(a) For spherical sectors with conical edge, hyperhem-
ispheres, NEMO windows, conical frustums with
t/D; = 0.5, double beveled disks with t/D; > 0.5, and
cylinders under external pressure loading:

(1) significant dimension: 0.01 in. (0.25 mm)

2-6 MARKING
2-6.1 Marking Location, Configurations

Identification of each window with the window fabri-
cator’s certification shall be located on the window’s
seating surface. Identification shall consist of ¥ in.
(12.5 mm) letters and numbers made by the window
fabricator with an indelible black felt marker, or % in.
(3.2 mm) letters and numbers applied with epoxy ink.

(2) critical dimension: Q06-1in (1 5 mm)

(3) critical size of population: total length of all
scratches in centimeters equals total area of scratched
surface in square centimeters divided by 1 000

(4) critical density of population: none specified

(5) critical spacing between scratches: none specified
(6) critical locations: no scratches are permitted on
the|bearing and sealing surfaces

(b) For conical frustums with t/D; < 0.5, double bev-
eledl disks with t/D; < 0.5, flat disks, and cylinders under
intgrnal pressure:

(1) significant dimension: 0.003 in. (0.08 mm)

(2) critical dimension: 0.06 in. (1.5 mm)

(3) critical size of population: total length of all
scratches in centimeters equals total area of scratched
surface in square centimeters divided by 1 000

(4) critical density of population: none specified

(5) critical spacing between scratches: none specified
(6) critical locations: no scratches are allowed on the
bearing and sealing surfaces, on any faces of double
bevleled disks and cylinders, and on low-pressure faces
of ¢onical frustums and disks

(¢) For spherical sectors with square edge,.and"hemi-
spHeres with equatorial flange of acrylic:

(1) significant dimension: 0.003 in. (0.08 mm)

(2) critical dimension: 0.01 in. (0.25 mm)

(3) critical size of populationtotal length of all
scrgtches in centimeters equals- total area of scratched
surface in square centimeters divided by 1 000

(4) critical density of population: none specified

(5) critical spacingdetween scratches: none specified
(6) critical locations: no scratches are permitted on
bearing and sealing~surfaces, on low pressure face of
spHerical sector‘with square edge, and in the heel and
instep areas’offlanged hemispheres

2-5.6 Repairs

epairs to new windows that do not meet acceptance

The identification shall contain information per the fol-
lowing example:

50-100-PVHO-RT-21-XX

‘ f
T Year of window fabrication
Fabricator’§)serial number of wirjldow

Window fabricator’'s name or identifjcation

symhol

Initials for Pressure Vessel Human Occupgncy

Maximum temperature, °F (°C)
Design pressurg,)psi (MPa)

2-6.2 Certification Completion

At+the time of marking, the window fabricafor shall
certity the overall fabrication of the window by domplet-
ing window certification PVHO-1 Form VP-1. Oply after
completion of PVHO-1 Form VP-1 shall the wirjdow be
considered to have met the requirements of tHis Stan-
dard, and the window can be marked in acdordance
with para. 2-6.1. This window certification shall be for-
warded to the purchaser or used as part of the window
certification package.

2-6.3 Marking Restrictions

The windows are to be marked by the window(fabrica-
tor with PVHO identification per para. 2-6.1 ornly if the
design, material manufacturer, material testing, hnd fab-
rications have been completed and are on file yith the
window fabricator applying the markings aftef having
met the requirements of para. 2-6.2.

2-6.4 Additional Marking

The window may also be marked with additional
identifications. The size of letters, method of application,
and their location on the window must satjsfy the
requirements of para. 2-6.1.

criteria shall be performed in accordance with
section 2-9.

2-5.7 Inspection Report

After the quality control inspection, each acceptable
window shall be certified as to fabrication processes, on
a fabrication data report. The report shall be made on
a form equivalent to PVHO-1 Form VP-1. This report
shall be forwarded to the chamber manufacturer or user
as a part of the certification package.
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2-6.5 Marking Certification Retention

The window certification and data reports (PVHO-1
Forms VP-1, VP-2, VP-3, VP-4, and VP-5) shall be
retained for each window as follows:

(a) One copy of PVHO-1 Forms VP-1, VP-2, VP-3,
VP-4, and VP-5 shall be retained by the window fabrica-
tor, and one copy of the forms shall be furnished to the
window purchaser if the window fabricator performs
the pressure test.
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(b) If the window fabricator does not perform the
pressure test, he shall note this on PVHO-1 Form VP-1.
One copy of PVHO-1 Forms VP-1, VP-2, VP-3, and VP-4
shall be retained by the window fabricator, and one
copy of the forms shall be furnished to the purchaser
of windows.

(c) If the purchaser of windows does not require the
window fabricator to perform the pressure test, the pur-

during the test shall be noted in the test report, which
shall be submitted at the conclusion of the pressure test
to the chamber manufacturer/user.

2-7.6 Post Test Inspection

At the conclusion of the pressure test, the windows
shall be visually inspected for the presence of crazing,
cracks, or permanent deformation. This examination

chaser shall have the pressure test pprfm‘mpd byva qna]i—
fied pressure test lab, or pressure test the windows
accordihg to section 2-7, either of which requires the
completion of PVHO-1 Form VP-5.

(d) It| shall be the responsibility of the owner/user
and th¢ chamber manufacturer to possess and retain
PVHO-|l Forms VP-1, VP-2, VP-3, VP-4, and VP-5 for a
period fot less than the design life of the window plus
2 years

(e) Ithall be the responsibility of the window fabrica-
tor to gossess and retain PVHO-1 Forms VP-1, VP-2,
VP-3, apd VP-4 (and PVHO-1 Form VP-5 if he performs
the pregsure test) for a period not less than the design
life of the window plus 2 years.

2-7 PRESSURE TESTING

2-7.1 HRrequency

Each
prior to

window shall be pressure tested at least once
being accepted for service.

2-7.2 Test Configuration

The pressure test shall take place with the window
installeql in the chamber, or placed within a test(fixture
whose window seat dimensions, retaining ring, and

seals arp identical to those of the chamber:

2-73 T

The Wwindow shall be pressurized“with gas or water
until dg¢sign pressure is reached./The design pressure
sh'all be|maintained for a minimum of 1 hr, but not more
than 4 I, followed by depreSsurization at a maximum
rate nof to exceed 650{psi/min (4.5 MPa/min).

st Duration

2-7.4
The femperatufe of the pressuring medium during

the test|shdllhbe the design temperature for which the
windoy is‘rated with a tolerance of +0/-5°F (+0/

st Temperature

may be ParFr\fmpr] without removal of the window from

the chamber.

2-7.7 Rejection Criteria

Presence of crazing, cracks, or permanent'deformation
visible with the unaided eye (except fof.correction nefes-
sary to achieve 20/20 vision) shall b€ the cause of rgjec-
tion of the windows and shallde So noted on the [test
report. Permanent deformatiofy less than 0.001D; in njag-
nitude measured at the center’of the window shall|not
be cause for rejection.

2-7.8 Alternate Test Procedure

A hydrostatic\0r pneumatic test in excess of degign
pressure may,‘be substituted for the mandatory tests
of paras..2-7:3 and 2-7.4 for windows with a degign
temperature of 125°F (52°C) or less. During the hydro-
staticqor pneumatic test, the pressure shall be maintaiped
for.a minimum of 1 hr, but not more than 4 hr. The [test
pressure shall not exceed 1.5 times the design presgure
or 20,000 psi (138 MPa), whichever is the lesser vallue.
To prevent permanent deformation of windows tegted
above design pressure, the temperature of the pressyriz-
ing medium during the test shall be at least 25°F (14°C)
lower than the design temperature. For windows with
a 50°F (10°C) design temperature, the pressuriing
medium during the test shall be 32°F to 40°F (0°C to
4°C). All the other requirements of the mandatory pjres-
sure test specified in paras. 2-7.5 through 2-7.7 shall be
retained.

2-7.9 Reporting Requirements

After pressure testing, a pressure test report shall be
completed to certify the results of the pressure test. [The
information shall be reported on a form equivalent to
PVHO-1 Form VP-5 by the party who performs |the
pressure test.

2-7.10 Records Retention

—-2.5°C). Brief deviations from the above temperature
tolerances are allowed, providing that the deviation does
not exceed 10°F (5.5°C) and lasts less than 10 min.

2-7.5 Window Leakage

Windows that leak during the pressure tests shall be
removed, fitted out with new seals, and retested. If,
during the retest, the leakage continues, efforts will be
made to complete the test by stopping the leak with a
temporary seal. The inability of seals to operate properly
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Pressure test records shall be kept on file for at least
the design life of the window plus 2 years.

2-8 INSTALLATION OF WINDOWS IN CHAMBERS
2-8.1 Cleaning

The window cavity seat in the flange must be thor-
oughly cleaned. Aliphatic naphtha and hexane are suit-
able fluids for cleaning.

Not for Resale


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2007.pdf

ASME PVHO-1-2007

2-8.2 Lubrication

The window cavity seats for all window shapes pos-
sessing conical bearing surfaces shall be thoroughly
coated with grease prior to placement of the window
inside the window cavity so that the greased surfaces
will act as secondary seals. Silicone greases are suitable
for this purpose. Other greases must be checked for
chemical compatibility with acrylic.

0.020 in. (0.5 mm), edge chips wider than 0.125 in.
(3.2 mm), gouges, and cracks are considered severe
damage.

2-9.6 Repairs of Slightly Damaged Windows

Slightly damaged windows may be repaired by the
chamber user or his authorized agent, provided only
hand sanding/polishing techniques are utilized, and the

3 Assembly

fter placement of the window inside the window

value specified in para. 2-2.11.

REPAIR OF DAMAGED WINDOWS PRIOR TO
BEING PLACED IN SERVICE

1 General

ew fabricated windows that do not meet acceptance

criteria of section 2-5, or windows that have been dam-

2 Damaged Window Criteria

r the purpose of this Standard, a damaged window

is one that meets the criteria of Section 2, is marked per

thickness-and surface finish of the windowaft T repair

meet the requirements of Section 2. The usé\of power
driven tools (disk sanders, buffing wheels;lathes, mill-
ing machines, etc.) is not allowed. These|répairy do not
require post annealing.

2-9.7 Repair of Severely Damaged Windows

Special conditions are dpplicable to the r¢pair of
severely damaged winddws.

(a) Severely damaged windows must be rep
a window fabricator:

(b) Repair of severely damaged windows is to|be initi-
ated by the wiridow fabricator only after receipt|of writ-
ten authorization from the chamber manufacfurer or
user and inspection of the damaged window for jdentifi-
cationnmarking. Damaged windows whose idpntifica-
tioflindoes not correspond to the written authgrization
shall not be repaired.

(c) The written authorization must be accorhpanied
by the original Design (PVHO-1 Form VP-2) and the
Fabrication Certification (PVHO-1 Form VP-1)

(d) During the repair, the window fabricator fnay uti-
lize all the fabrication processes customarily employed

hired by

susfained damage that requires repair prior to being in the fabrication of new windows that meet the require-
plafed in service. ments of section 2-4.
(e) Upon completion of repair, the window [is to be

3 Dimensional Assessment

indows are considered to-be/damaged when the

indow fabricator:

4 Damage-Severity Determination

e damage to windows, depending on its severity,
may bé-repaired by the chamber user himself, or by an
accpedited fabricator of windows. Only slightly dam-

annealed according to the schedule of Table 2-4.5-1.

(f) After annealing, the repaired window phall be
inspected to assure that the finished window njeets the
material quality, minimum thickness, dimensiorjal toler-
ance, surface finish, and inclusion limitation frequire-
ments of Section 2.

(g) Repaired windows shall be marked with the iden-
tification of the window fabricator perforniing the
repair.

(h) The repair identification shall consist of 0.5 in.
(12.5 mm) letters and numbers made with indelilple black
marker, or 0.125 in. (3.2 mm) letters and numbefs made

aged windows may be repaired by the chamber user
or his authorized agent, while the severely damaged
windows must be repaired solely by a window fabri-
cator.

2-9.5 Slightly Damaged Windows

The damage to windows is considered slight when it
consists solely of scratches on the surfaces less than
0.020 in. (0.5 mm) deep or chips on the window edges
less than 0.125 in. (3.2 mm) wide. Scratches deeper than

33

with epoxy ink Tocated on the window’s seating surface.
(i) The repair identification shall contain the follow-
ing information, as per the following example:

A—PS —12—81

s

Year repair performed
Fabricator’s serial number of repair
Window fabricator’s initials

Repair logo
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The repair identification shall not obscure in any man-
ner the original window identification.

(j) Original window identification marking that has
been accidentally or intentionally removed during repair
operations may be reapplied at this time, provided the
restored original identification marking has identical
wording to the original one that has been removed, and
the Repair Certification reflects this fact.

(b) Restrictions are imposed on the service conditions
to which the viewport can be subjected to preclude cata-
strophic failure of the window during its rated life. In
order for the window to meet the high standard of safety
demanded by human occupancy of the pressure vessel,
each step in the production of the windows must be
certified for conformance to this Standard.

(c) Only high quality cast acrylic (polymethyl methac-

(k) The r‘]pcign life of the rppnirpr] window is deter-
mined py the original fabrication date shown on the
window identification marking.

2-9.8

Windows with spherical surfaces whose dimensional
toleranges, surface finish, or inclusions exceed the limits
specifief in paras. 2-2.12,2-5.3, and 2-5.5 may be repaired
by spot| casting, provided the following conditions are
satisfied:

(a) The repaired spot shall be subjected only to com-
pressiveg stresses in service.

(b) The casting mix used for spot repairs shall have the
same cHemical composition and shall be polymerized in
the sanje manner as the casting mix in the window
casting,

(c) For repaired spots located in areas within 2 deg
of the window’s edge circumference, or areas not visible
from the interior of the pressure vessel by an observer
in a typjcal position required for operation of the vessel,
the follpwing limitations apply:

(1) [ The volume of a single repaired spot shall not
exceed [10%, and the cumulative volume of all repaired
spots sHall not exceed 20% of the total window, voltime.

(2)[There is no limit on the number of repaired
spots.

(d) For repaired spots located in areas\outside 2 deg
of the window’s edge circumference, and visible from
the intdrior of the pressure vessel\to an observer in a
typical position required for operation of the vessel, the
following limitations apply:

(1)| The area of any_repaired spot shall not exceed
0.025% fof the total wiridow area.

(2)[Only two répaired spots are permitted.

(e) Alfter completion of machining and polishing
operati¢ns, thetwinidow is to be annealed per para. 2-4.5.

(f) Locationand extent of spot casting repairs are to be
noted oh assKetch attached to the Window Certification.

epair of Spherical Window by Spot Casting

rvlate) is ;\m‘*ppfnh]p as the material for fabrication of
the
be
D.3)

windows under this Standard. Conformance’af
material to the specifications of this Standard-shal
proven by testing of material coupons (see ‘section
and certification (PVHO-1 Forms VP-3 and VP-4).

2-10.2 Sample Design Procedures

(a) The design procedure consists of a series of steps,
which allow the engineer todesign a window meefing
the requirements of this Standard (see section 2-2).
Step 1:  Determine the design pressure, P, and temper-
ature of thé;pressure vessel. Use the values as
maximumt.design allowable for windows.
Select-the designed window shape from ay
able Vv standard window  geomet
(Figs. 2-2.2.1-1 through 2-2.2.1-4). Note
restrictions on the service in which they
be placed (see paras. 2-2.2 and 2-2.3).

If the design requirements cannot be me} by
a standard window geometry, a nonstandard
window geometry of your own design may be
chosen. In that case, disregard the remairjder
of design steps in paras. (a), (b), and (c) of
this section and follow instead the procediires
specified in para. 2-2.6.
Select the conversion factor (CF) approprjate
for the chosen standard window geomstry,
pressure range, and temperature rapge
(Tables 2-2.3.1-1 through 2-2.3.1-4). Utilize|the
pressure range into which the design presgure
falls. The CF given by the table represents|the
lowest value acceptable to this Standard.
Wherever feasible, select a higher value than
shown in the tables.
Calculate the short-term critical pressure
(STCP) of the window by multiplying|the
design pressure, P, by the CF selected in Step 3.
Calculate the dimensionless ratio(s) ¢/ D;or|t/R

Step 2: ail-

ries
the
can

Step 3:

Step 4:

Step 5:

2-10 GUIDELINES FOR APPLICATION OF THE
REQUIREMENTS OF SECTION 2

2-10.1 Introduction

(a) Section 2 presents the necessary information to
design, fabricate, and pressure test acrylic windows that,
when mounted and sealed in metallic seats, form the
viewport assemblies acceptable as pressure resistant
barriers in pressure vessels for human occupancy.
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for the chosen window geometry by finding
the appropriate graph that relates the STCP to
the window’s dimensionless ratio
(Figs. 2-2.5.1-1 through 2-2.5.1-12). Draw a
horizontal line from the appropriate STCP on
the ordinate to the graph. From where it inter-
sects the graph, drop a vertical line to the
abscissa. The intersection with the abscissa
provides the sought-after dimensionless ratio.
For design pressures, P, above 10,000 psi
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(69 MPa), use Table 2-2.3.2-1 to derive the
required dimensional ratios. This table applies
only to conical frustum windows with an
included conical angle a > 60 deg.

Calculate the nominal window’s dimensions
on the basis of the dimensionless ratio. Wher-
ever it is feasible, increase the nominal thick-
ness to provide extra stock for future

Step 2:

the limits shown on Figs. 2-2.11.10-1 and
2-2.11.10-2.

Seal designs that deviate from the require-
ments of this Standard must be subjected to
an experimental validation program that will
define their effect on the design life of the

windows (see para. 2-2.7).

2-10.3 Sample Purchase Specification and Pr

Step 7:

operational-contincencias

Apply angular and dimensional tolerances to
the nominal dimensions and specify surface
finishes on the window (see para. 2-2.12). Enter
all applicable data on drawing and PVHO-1

Form VP-2.

(b) The windows can achieve the predicted STCPs

only if they are mounted in seats with appropriate cavity
dimensions, stiffness, and surface finishes (see
parps. 2-2.7, 2-2.10, and 2-2.12).

Step 1:

Step 2:

Step 3:

Calculate seat cavity dimensions on the basis
of Figs. 2-2.10.1-1 through 2-2.10.1-8. For win-
dows with conical bearing surfaces, the magni-
tude of seat cavity surface overhang depends
on both the included conical angle and the
operational pressure range. The magnitude of
overhang is given in terms of D;/ Dy ratios for
any given combination of operational pressure
ranges and conical angles. Operational pres-
sure ranges 1, 2, 3, and 4 correspond to 0-2,500,
2,500-5,000, 5,000-7,500, and 7,500-10,000-p5i.
For operational pressures above 10,000 psi
(69 MPa), utilize Table 2-2.3.2-1.

Calculate the stiffness compliancé\of the win-
dow seat with analytical formulas or finite ele-
ment stress analysis computer programs to
meet the requirements ¢f'para. 2-2.9. Since the
window mounting forims a reinforcement
around the penetration in the pressure vessel,
its cross sectiorl must also meet the require-
ments of the@pplicable division of Section VIII
of the Code:

Applyangular and dimensional tolerances to
the, neminal dimensions and specify surface
finiShes on the seat cavity (see paras. 2-2.10 and
2:2.12). Enter all applicable data on the window
seat drawing.

Reviews

The designed window, in order to achieve’ th
must be fabricated by an accredited window fa
utilizing materials and a production, process th
the requirements of sections 2-3<and 2-4, respe

oduct

e STCP,
bricator
at meet
rtively.

Step 1:

Step 2:

Step 3:

Ensure that the request for quotation| and all
drawings carry the) following note:
“The cast acpylic, fabrication prdcedure,
Quality Assurance Program, and finished win-
dow shall meet all the requirements of ASME
PVHO:1.¥
This riote alerts the fabricators to the addi-
tional factors imposed by certification [require-
ments of this Standard.
Provide the successful bidder with [Acrylic
Window Design Certification, PVHO}1 Form
VP-2, filled out by the window d¢signer.
PVHO-1 Form VP-2, together with the win-
dow drawing, will form the basis for future
identification of the window.
Upon receiving the window from the
fabricator, inspect the finished product dimen-
sionally and visually for compliancq to this
Standard (see para. 2-2.12 and sectipn 2-4).
Review all of the paperwork, whi¢gh must
accompany the window (PVHO-1 Forths VP-1,
VP-2, VP-3, and VP-4). Check for complleteness
and signatures. Compare the marking on the
window bearing surface with

(a) the identification number on thie Fabri-
cation Data Report, PVHO-1 Form VP-1.

(b) the design temperature and pregsure on
the Acrylic Window Design Certifjcation,
PVHO-1 Form VP-2. Only when the window
complies with the requirements imppsed by
this Standard, and the accompanying Window
Certification, PVHO-1 Forms VP-1, VP-2,

window

(c) Unly certain sealing arrangements have been

found to be successful with acrylic windows serving as
pressure boundaries (see para. 2-2.11).

Step 1:

Copyright ASME International
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Some of the proven seal designs acceptable
under this Standard are shown on
Figs. 2-2.5.1-1 through 2-2.5.1-6, 2-2.5.1-12,
2-2.10.1-2, and 2-2.10.1-5 through 2-2.10.1-8.
Select the most appropriate sealing arrange-
ment for your operational conditions. The bev-
els on the edges of windows cannot exceed
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VP-3,and VP-4, are compiete, can the fabrica-
tion be considered to have met all of the con-
tractual obligations imposed by the above note
on the window drawing.

2-10.4 Sample Pressure Test Instructions

The window can now be installed into new pressure
chamber or pressure tested in a test fixture and placed
in storage for future use as a replacement. If the window
is tested in a new chamber (see section 2-7 for details
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of pressure testing), the test must be conducted without t = 4.200 +0.020/-0.000 in.
human occupants. a = 90 +0.25/-0.00 deg
Step 1: Immediately after the pressure test; inspect the Bearing
window visually for the presence of crazing, surface finish = 32 pin. RMS
cracks, fractures, or permanent deformation. Step 2.1:  Calculate nominal dimensions for seat
Step 2: If the window passed the post-pressure test cavity:
inspection successfully, fill out the Pressure D, = 18400 in. &« = 90 deg
Testing Certification, PVHO-1 Form VP-5. D,/Df = 1.03 for pressure range N =1
Step 3: _Review certifications, PVHO-1 Forms VP-1 and included angle 90 deg
through VP-5, for completeness. Dy = 10.000/1.03 = 9.709 |in.
. (Fig. 2-2.10.1-1)
2-10.5 |Sample Calculations Step 2.2:  Calculate cross section of window mountjng.
The following sample calculations of hypothetical (Use procedure of your own cheice; NSRDC
window and window seat dimensions illustrate the Report 1737 “Structural Design of Viewing
design procedure: Ports for Oceanographi¢\Wehicles,” by K| A.
Step 1.1} Determine design conditions: Nott, 1963, can be verny-helpful.)
Design pressure = 1,000 psi Step 2.3:  Apply dimensiopmal tolerances to window
Design temperature = 125°F seat:
Window diameter = 10 in. Dy = 9.704 +0.010/-0.000 in.
Step 1.2} Select window shape: a = 90:F0.00/-0.25 deg
Conical frustum with 90 deg included =18.400 +0.20/-0.000 in.
angle (Fig. 2-2.2.1-1) Step 3.1  Selectsealing arrangement: neoprene O-fing
Step 1.3  Select conversion factor: seal compressed against beveled edge of
CF=10,N=1 major window diameter by a flat retairjing
(Table 2-2.3.1-2) ring (Fig. 2-2.5.1-4). The magnitude of|the
Step 1.4t  Calculate STCP: bevel cannot exceed the limits shown in
STCP = CF x P = 10 x 1,000 Fig. 2-2.11.10-1. The size of the bevel chqsen
= 10,000 psi will provide adequate compression to anpm-
STCP = 10,000 psi/ (145 psi/MPa) inal 0.25 in. diameter O-ring,.
= 68.96 MPa Step 3.2 Enter the following final viewport dinjen-
Step 1.5}  Calculate the dimensionless ratio sfor sions on drawing:
windows: Window:
t/D; = 0.41 for STCP = 68.96, MPa D, = 18.400 +0.00/-0.020 in. (to sharp
a = 90 deg (Fig. 2-2.5.1-4) edge)
Step 1.6 Calculate nominal window dimensions: = 17.800 +0.00/-0.020 in. (to Hev-
T/D; = 0.41 D; = 10 ir eled edge)
a = 90 deg T = 4200 +0.020/-0.00 in.
t = 041 x 107in. = 4.1 in. a = 90 +0.25/-0.000 deg
Add 0.1 in. tocthickness for future opera- Seal:
tional contingencies: O-ring thickness = Y in. (nominal)
Nominalangle = 90 deg O-ring inside
Nowinal D; = 10 in. diameter = 17.75 in. (nominall
Nominal t = 4.2 in.
Nominal D, = 184 in. Seat:
Step 1.7}  (Apply dimensional tolerances to windows: D, = 18.400 +0.020/-0.000 in.
D, = 18.400 +0.000/-0.020 in. Dy = 9.709 +0.010/-0.000 in.
(to sharp edge) a = 90 +0.000/-0.25 deg
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Fig—2-2:2-1-1—Standard-Window-Geometries
e & <o d™ 1 ~I L
|
|
o ——d-———d- D, t=1,in. (12.5 mm)
t/D,=0.08
I
t

(a) Flat Disk Window

L D, b---} o D; t=1,in.(12.5 mm)
t/D;=0.125
/ -y o = 60 deg

(b) Conical Frustum Window

) _>| |<_€

t=1,in.(12.5 mm)
- « Di Do t/D;=0.250

o = 60 deg

¢ = 0.25¢t

(c) Double Beveled Disk Window
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Fig. 2-2.2.1-2 Standard Window Geometries

t=1/,in. (12.5 mm)
o = 30 deg
t/R; = 0.09 for,.="60 deg
t/R; = 0.06 for o0 = 90 deg
t/R; = 0,03.for oo =180 deg

t=1/,in.(12.5 mm)
30 deg = o < 150 deg

D; t/R; = 0.03
D;=2R;sin 0/2
D,=2R,sino/2
RO = R,’+ t

—1 € =tsin (90 deg — 2/2)

(b) Spherical Sector Window With Square Edge
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Fig. 2-2.2.1-3 Standard Window Geometries

t=1,in.(12.5 mm)
0.2 = t/R; > 0.03

D, D, = (D;+ 4t)
R, =gin. (3.0 mm)
| 0.5 mm = R, = 0.125¢

I B T ) N I A t=1,in.(12.5 mm)

-

(b) Cylindrical Window
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N==——=L_a>

/ |
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Fig. 2-2.2.1-4 Standard Window Geometries

1 t

|
|
|
o
|
t
|
|

(a) Hyperhemispherical Window

(b) NEMO Window

t=1/,in.(12.5 mm)
0.03 = t/R, = 0.355
a= 100 deg

t=1/,in.(12.5 mm)
0.03 = t/R, = 0.355
o =50 deg
o, 6 = spacing between ad
jacent penetrations
shall exceed /2 of
the larger penetratio
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Fig. 2-2.5.1-1 Short-Term Critical Pressure of Flat Disk Acrylic Windows
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Fig. 2-2.5.1-3 Short-Term Critical Pressure of Flat Disk Acrylic Windows
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Fig. 2-2.5.1-5 Short-Term Critical Pressure of Conical Frustum Acrylic Windows
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Fig. 2-2.5.1-7 Short-Term Critical Pressure of Spherical Sector Acrylic Windows
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Fig. 2-2.5.1-8 Short-Term Critical Pressure of Cylindrical Acrylic Windows Pressurized*Internally
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Fii. 2-2.5.1-11 Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports Under\E|
Hydrostatic Pressure

100

Equation:
R.V. Mises

1
0.1

D; + D,

2
short’term critical pressure
X 3.499 X 1072 (psi)
7 X 2.413 X 107* (MPa)

xternal
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Fig. 2-2.5.1-12 Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports UnderExterpal
Hydrostatic Pressure
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Fig. 2-2.5.1-13 Short-Term Elastic

Buckling of Cylindrical Acrylic Windows Between Supports Under E|

Hydrostatic Pressure
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Fig. 2-2.5.1-14 Short-Term Critical Pressure of Hyperhemispherical and NEMO Type Acrylic'Windows
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Fig. 2-2.5.1-15 Short-Term Critical Pressure of Hyperhemispherical and NEMO Type Acrylic Windows
160
22,000
20,000
18,000
120
16,000
© —
£ ] 14,000 |8
~ (o]
g / 2
> | [2]
3 80 12,000 | 4
g o
o 1/ =
= - 10,000 |8
£ J ¢ Hatch  Flange E
= 4 ' Q
O v.
S ; - 8,000
SN X
7 ZR0N Sealant
40 S j \ a\J ! _ - 5,800
P Bearing [ Split
gasket Spherical retaining
pa angle rng
NEMO Window Closure
i T O 0 A I I
O e e e e A e
0 A M B B B B B M M MR
0 0.1 0.2 0.3 0.4 0.5
t/R,
55

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS Not for Resale


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2007.pdf

ASME PVHO-1-2007

Fig. 2271071 =
Edge, and Flat Disk Window

D; /D¢ Ratios

« Operational
Pressure Included Angle, deg

- Range 60 90 120 150
: p N=1 1.02 103 106 <114

il == N=2 104 1.06 112,128
/(th;l>\ N=3 1.08 1.09 4377 1.36

B N=4 110 1.20 CA420 1.42

[2R;sin(«/2)1/D;Ratios

(Spherical'Sector With Conical Edge)

Qperational Included Angle, deg
Pressure Range 30-180
N=1 1.02
N=2 1.03
N=3 1.05

(b) Spherical Sector
Window With Conical Edge

1.250 = D,/D;

(c) Flat Disk Window

GENERAL|NOTES:

(@) For of betweén values shown, interpolation is required.
(b) Y5y ik—0mm)y <RI </ in (2.0 mm)
32 = =716 S 7

(©) K is selected on the basis of structural analysis.
(d) Bis selected on the basis of optical requirements.
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Fig. 2-2.10.1-2 Seat Cavity Requirements — Double Beveled Disk Window

D;/Ds Ratios

Operational
P Included Angle, deg

Pressure

Range 60 90 120 150
N =1 1.02 1.03 1.06 1.14
N =2 1.04 1.06 1.12 1.28
N=3 1.08 1.09 1.17 1.36
N =14 1.10 1.15 1.20 1.42

GENERAL NOTES:

(@ For « between values shown, interpolation is required.
(b) K is selected on the basis of structural analysis.

() Bis selected on the basis of optical requirements.

(d) ¢ <0.25¢

() n<¢

® Y5, in. (1.0 mm) < R1 < Vg in. (2.0 mm).
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Fig. 2-2.10.1-3 Seat Cavity Requirements — Spherical Sector Window With Square Edge

B
GENERAL|NOTES:
(@ K is delected on the basis of structural analysis.
(b) Bis 4elected on the basis of optical requirements.
(© D, =|2 R, sin a/2.
(d) D; =|2 R; sin a/2.
(&) D;i— Pr=" in. (3.0 pm
(f) €s=1sin (90 deg ~\&f2)
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Fig. 2-2.10.1-4 Seat Cavity Requirements — Hemispherical Window With Equatarial Flange

3t=X=4t
Operational
Pressure Range  0; /Dy
t N=1 .02
N=2 .03
N=3 .05

GENERAL NOTES:
(@) K is selected an-the basis of structural analysis.
(b) |8 is selectéd“on the basis of optical requirements.
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Fig. 2-2.10.1-5 Seat Cavity Requirements — Cylindrical Window

Elastomeric

spacer K is selected on the basis of structutal analysis
K R, Bearing R¢ =internal radius ofw_lndow seat
l / gasket = calculated R; of cylinder-at)zero internal pressure and
—30°C minus gasket.compressed 50%

R, = external radius of window seat

= calculated maximum R, of cylinder under sustained

internal desigh pressure of 8 hr duration at design
temperatdre plus gasket compressed 50%
R, = /35 in. {180 mm)

N\ Elastomeric
seal

(a) Under Internal Pressure

Elastomeric K is selected on the basis of structural analysis
R, seal R¢ =internal radius of window seat
\ / = calculated R; of cylinder under zero external pressure
7 at design temperature minus thickness of gasket
R, = external radius of window seat

(b).YUnder External Pressure

L = calculated R, of cylinder under zero external pressure
/ at +52°C plus gasket compressed 50%

T N R, = /35 in. (1.0 mm)

] F M = 0.05R;

\— Hard bearing gasket
bonded to flange
R;i— R;=0.01R;
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Fig. 2-2.10.1-6 Seat Cavity Requirements — Hyperhemispherical Window

AR
|

y
% Internal pressure

Fiber reinforced seal

neoprene gasket
L R4 -

External pressure
seal

JRDO0

>

<—Df

S

K, = Ki > Y, in. (6.0 mm)
n =15, in. (1.0 mm)
¢ 2 Y6 in. (2.0 mm)

a <100 deg
where
D} = diameter of<tHe opening in the pressure hull
Kt = inner diameter of the conical seat
K| = innerdiameter of the penetration in the window
q = included spherical angle of the opening
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Fig. 2-2.10.1-7 Seat Cavity Requirements — NEMO Window (Standard Seat)

b

=
=
@
=
@

prientation of effective radial stiffness
thickness of compressed gasket
plevation of hatch ring
Epherical\angle of window penetration
kphericaliangle of split retaining ring
Epherical angle of hatch seat
GENERAL|NOTE:

*™®™R I XM

7
. 3
e k
s
s . a
P 2
7 1IN
N /2
' \/ —
\ o/2 I
\
\7
B/2 |

N
N

k> 0.005 R,
m>0.01R,
a <50 deg

(o + 8 deg) < B< (a+ 12 deg)

The variables x, b, z, and [ must be proportioned in such a manner that the effective radial stiffness of all inserts a

penetration does not exceed the radial stiffness of acrylic sector with included angle a by more than 3,500%.
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Fig. 2-2.10.1-8 Seat Cavity Requirements — NEMO Window (Seat With Extended Cyclic Fatigue Life)

Room temperature
vulcanizing silicone seal

Plastic insert

g=0.03 R,
k = 0.005 R,
m 2 0.01 R,
a <50 deg
(a+8deg) < B<(a+ 12 deg)

where

E] = orientation. of effective radial stiffness

d = thicknéss of plastic insert

K = thicknéss of compressed gasket (neoprene)

m = Celevation of hatch ring

dq =»Spherical angle of window penetration

—=—=pheticatanste-of-splitretaininering

y spherical angle of hatch seat

GENERAL NOTE: The variables x, b, z, and [ must be proportioned in such a manner that the effective radial stiffness of all inserts at the
penetration does not exceed the radial stiffness of acrylic sector with included angle « by more than 3,500%.
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Fig. 2-2.11.10-1 Bevels on Window Edges — Flat Disk Windows, Conical Frustum Windows, Spherical Sector
Windows, Hyperhemispheres

= 0.25¢ = 0.2bt
t
< <
R, Ro
One-Way Two-Way

(a) Flat Disk Windows

One-Way One-Way Two-Way

(b) Conical Frustum Windows

e

4 = 0.0862t

(c) Spherical Sector Windows (d) Hyperhemispheres
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Fig. 2-2.11.10-2 Bevels on Window Edges — Flanged Hemispherical Window, Spherical’'Sector Windo

Square Edge, External Pressure and Internal Pressure of Cylindrical Windows

= 0.125¢
= 0.125t
(a) Flanged Hemispherical Window (b) Spherical Sector Window
With Square Edge
=<0.125¢
L -
= 0.125¢t
et
= 0.125t
External Pressure Internal Pressure

(c) Cylindrical Windows

v With
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Fig. 2-2.14.11-1 Dimensional Tolerances for Penetrations in Acrylic Windows

S
I

teiol H 'y £ 'y '
Hstde-diameterof-penetrations
radius of convex curvature

y = conical seat angle

=2
Il
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Fig. 2-2.14.15-1 Dimensional Tolerances for Inserts in Acrylic Windows

. |
S\kk g™
S

= 0.02M,, fotdcrylic insert
= 0.005 Mg for metal insert

+0.001
—-0.000 Mo

S \
=0.0025M,— \ o o
\\A/~Odeg
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Fig. 2-2.14.16-1 Typical Shapes of Inserts

Type 2

Acrylic y/2 < 25 deg
Metallic y/2 < 25 deg

, Acrylic y/2 < 14 deg
Metallic y/2 < 25 deg

Metallic y/2 < 25 deg

/ Metallic y/2 < 25 deg

(b) For Metallic Materials
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VY]

= 0.02M,, for acrylic insert

= 0.005M, for metal insert }

F 0.02M,, for acrylic insert
E 0.005M, for metal insert \\/

Fig. 2-2.14.22-1 Seal Configurations for Inserts in Acrylic Windows

= 0.02M,, for acrylic

= 0.005M,, for metal

(a) Compressed Neoprene Gasket Seal

{b) Potted in Place RTV Silicon Rubber Seal

EES

(c) Independent O-Ring Seal

(d) Captive O-Ring Seal

insert
insert

nsert
insert
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Fig. 2-2.14.24-1 Restraints for Inserts in Acrylic Windows

(a) Acrylic Insert

(c) Acrylic Insert (d) Metal Insert
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Table 2-2.3.1-1 Conversion Factors for Acrylic Flat Disk Windows

ASME PVHO-1-2007

Operational Pressure Temperature, °F (°C)
Ranges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)
N=1 CF=5 CF=6 CF=28 CF =10 CE= 16
2,500 psi (17.2 MPa)
N=2 CF=5 CF=6 CF=38 CF =10
500 psi B4.5MPa) | | L L 4,000 psi (27.4 MPa)
N=3 CF=5 CF=6
7,500 psi (51.7 MPa) | e 7,000 psi (48.3 MPa)

GENERAL NOTES:

@

(b)
©

P-2.5.1-3.

Table 2-2.3.1-2

The conversion factors (CF) in this table apply only to short-term critical pressures (STCP) plottedein(Figs. 2-2.5.1-1, 2-2.5.1-2,

Potted lines refer to intermediate pressure ranges as indicated by the adjacent pressure figures.
nterpolation between conversion factors (CF) is allowed.

and

Conversion Factors for Acrylic Conical Frustum Windows and Double Beveled Disk

Windows
Operational Pressure Temperature, °F (°C)
Ranges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)
N=1 CF=5 CF=6 CF=28 CF =10 CF =16
2,500 psi (17.2 MPa)
I Conversion factors for these pressures must be interpolated I
between the upper and lower values shown.
--------------------------------------------------------------------------------------------------------------------------------------------- 4,500 psi (3L MPa)
N =2 CF'= 4 CF=5 CF=7 CF=9
5,000 psi (34.5 MPa)
N=3 CF=4 CF=5
7,500 psi (51.7 MPa)
N =4 CF=4
14,000 psi {69 MPa) 8,000 psi (55.2 MPa)
GENERAINOTES:

(@
(b)

Thesednversion factors (CF) in this table apply only to short-term critical pressures (STCP) plotted in Figs. 2-2.5.1-4 and 2-2.5.1-5.

(c) Interpolation between conversion factors (CF) is allowed.
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Table 2-2.3.1-3 Conversion Factors for Acrylic Spherical Sector Windows With Conical Edge,
Hyperhemispherical Windows With Conical Edge, and NEMO Type Windows With Conical Edge

Operational Pressure

Temperature, °F (°C)

Ranges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)
CF = 16

N = 1 CF=14 CF=6 CF=38 CF=10 | 1,500-gs0... f..od

2,500 dsi (17.2 MPa) (103)Pa)
,,,,,,,,,,,,,,,,,,, CF=10 .1 3000ps (207 Mpa)

N =2 CF=4 k=6 | CF=8 . 3,500 psi (24.1 MPa)
5,000 fsi (34.5 MPa)

N =3 CF=14

7,500 gsi (51.7 MPa)

GENERAL|NOTES:

(@ The d

onversion factors (CF) in this table apply only to short-term critical pressures (STCP) plofted‘in Figs. 2-2.5.1-6 and 2-2.5.1-7 (f

sphefical sector windows with conical edge), and 2-2.5.1-14 and 2-2.5.1-15 (for hyperhemispherical windows with conical edge anfl
NEMQ-type windows with conical penetrations).
(b) Dotteld lines refer to intermediate pressure ranges as indicated by the adjacent pressire/figures.
(c) Intergolation between conversion factors (CF) is allowed.
Taple 2-2.3.1-4 Conversion Factors forAcrylic Spherical Sector Windows With Square Edge and
Hemispherical\Windows With Equatorial Flange
Operdtional Pressure Temperature, °F (°C)
anges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66
CF = 17
N =1 CF=5 CF=7 CF=9 CF=11 | 1,500 psj.....|
2,500 gsi (17.2 MPa) (10.3 MP3)
N =2 CF=5 CF=7 CF=9 .
5000 dsi 34.5 MPa) <P [ e 3,000 psi (20.6 MPa)
N =3 CF=5

7,500 gsi (51.7 MP&)

GENERAL|NOTES"

(@ Thed

avarcign foctare (CE) in thic tohlg annly anly to chorttaron critical nraccirac (CTCDY nlattad in Fige 9. 9 £ 1.6 ond 2.9 0 1.7
act =7 Py y I = T TP S o o T

(b) Dotted lines refer to intermediate pressure ranges as indicated by the adjacent pressure figures.
(©) Interpolation between conversion factors (CF) is allowed.
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Table 2-2.3.1-5 Conversion Factors for Acrylic Cylindrical Windows

Part A: Internal Pressure

Operational Pressure Temperature, °F (°C)

Ranges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)

N=1 CF =13 CF =14 CF =15 CF =20 CF|= 25
P50 psi (1.7 MPa)

Part B: External Pressure

[+ 0,
Operational Pressure Temperature, °F (°C)

Ranges 50 (10) 75 (24) 100 (38) 1257(52) 15p (66)

N =1 CF=6 CF=7 CF=9 CF =11 CFl= 17
500 psi (17.2 MPa)

N

GENERAL NOTES:

(@) [The conversion factors (CF) in Part A of this table apply only to short-term critical pressunes (STCP) plotted in Figs. 2-2.5.1-8
And 2-2.5.1-9.

(b) [The conversion factors (CF) in Part B of this table apply only to short-term critical pressures (STCP) plotted in Figs. 2-2.5.1-10 through
D-2.5.1-13. Since the tube may fail due to yielding of material (Fig. 2-2.5.1-8) ar elastic buckling (Figs. 2-2.5.1-9 through 2-2.4.1-11),
both modes of failure must be considered in selection of t/D ratio. The madeé. of failure that is chosen as the design criterion depends
pbn which of the failure modes requires a higher t/D; ratio for the desired\short-term critical pressures. The mode of failure reduiring a
higher t/D; ratio is chosen as the design criterion.

() Interpolation between conversion factors (CF) is allowed.

Table 2-2.3.2-1 Conical Frustum Windows for Design Pressures in Excess of 10,000 psi (69 MPa)

Temperature Ranges

<50°F (10°C) <75°F (24°C)
D¢sign Pressure D;/ D¢ D;/ D¢
psi MPa t/D; 60 deg 90 deg 120 deg 150 deg t/D; 60 deg 90 deg 120 deg [150 deg

111,000 75.86 1.0 1.13 1.17 1.23 1.69 1.1 1.13 1.17 1.23 1.69
1p,000 82.76 1.1 1.2

1B,000 89:66 1.2 1.3

15,000 96,55 1.3 1.4

1p,000 %~103.45 1.4 1.5

1p,000 110.34 1.5 1.20 1.26 1.53 2.48 1.6 1.20 1.26 1.53 2.48
1/000—172% +6 7

18,000 124.14 1.7 1.8

19,000 131.03 1.8 1.9

20,000 137.93 1.9 2.0

GENERAL NOTE:  D;/Ds ratio refers to the conical frustum seat specification shown in Fig. 2-2.10.1-1.
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Table 2-2.14.13-1 Specified Values of Physical Properties for
Polycarbonate Plastic

Specified Values

Test Procedures Physical Property U.S. Customary Units Metric Units
ASTM D 638 Tensile:
[Note (1)] (@) ultimate strength >9,000 psi >62 MPa
(b) elongation at break >20.0% >20%
) modulus of nl::cfirih]l _‘znn,nnn pci =>2.069 MPg
ASTM D 695 Compressive:
[Note (1)] (a) yield strength >12,000 psi >82.8 MPa
(b) modulus of elasticity >300,000 psi >2 069 MPa
PVHO-1 method, Compressive deformation 2% <2%
para. 2-3.7(c) at 4,000 psi (27.6 MPa)
and 122°F (50°C), for 24 hr
ASTM D 732 Shear, ultimate strength >9,000 psi >62, MPa
[Note (1)]
ASTM E 308 Ultraviolet transmittance <5% <5%

GENERAL NOTE: Test coupons shall be taken from each plate that serves as mdchining stock for inserts
and shall be tested to verify that the physical properties of the material meettherequirements in the table.
NOTE:

(1) These tests require testing of a minimum of two specimens. For Gthers, test a minimum of one
specimen. Where applicable, use the sampling procedures described in para. 2-3.7. Where two
specimens are required in the test procedure, the average of\the test values will be used to meet
the requirements of the minimum physical properties of this table.

Table 2-2.14.13-2 Specified Values of Physical Properties for
Cast.Nylon Plastic

Specified Values

Test Procedures Physical Property U.S. Customary Units Metric Units
ASTM D 638 Tensile:
[Note (1)] (@-ultimate strength 9,500 psi 65.5 MPa
(b) elongation at break 30.0% 30.0%
(c) modulus of elasticity 350,000 psi 2 415.0 MPa
ASTM D 695 Compressive:
[Note (1)} (a) yield strength 6,000 psi 41.4 MPa
(b) modulus of elasticity 250,000 psi 1725.0 MPa
PVHO-1-method, Compressive deformation <1.4% <1.4%
para. 2-3.7(c) at 4,000 psi (27.6 MPa)
and 122°F (50°C) for 24 hr
ASTM D 732 Shear, ultimate strength 4,300 psi 29.7 MPa
[Note (1]

GENERAL NOTE:  Test coupons shall be taken from each casting that serves as machining stock for inserts
and shall be tested to verify that the physical properties of the material meet the requirements in this table.
NOTE:

(1) These tests require testing of a minimum of two specimens. Where applicable, use the sampling
procedures described in para. 2-3.7. Where two specimens are required in the test procedure, the
average of the test values will be used to meet the requirements of the minimum physical proper-
ties of this table.
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Table 2-3.4-1 Specified Values of Physical Properties for Each Lot

Specified Values

Test Procedures Physical Property U.S. Customary Units Metric Units
ASTM D 256 [Note (1)] Izod notched impact strength >0.25 ft-lb/in.-min >13.3 J/m
ASTM D 542 Refractive index 1.49 + 0.01 1.49.+\0.01
ASTM D 570 [Note (1)] Water absorption, 24 hr <0.25% <0.25%
PVHP-1 method, para. 2-3.7(c) Compressive deformation at 4,000 psi <1.0% <1.0%
(27.6 MPa), 122°F (50°C), 24 hr
ASTM D 638 [Note (1)] Tensile:
(@) ultimate strength >9,000 psi >62 MPa
(b) elongation at break >2% >2%
() modulus >400,000-psi >2 760 MPa3
ASTM D 695 [Note (1)] Compressive:
(a) yield strength >1(5,000 psi >103 MPa
(b) modulus of elasticity >400,000 psi >2 760 MP3
ASTM D 732 [Note (1)] Shear ultimate strength >8,000 psi >55 MPa
ASTM D 785 [Note (1)] Rockwell hardness >M scale 90 >M scale 9(
ASTM D 790 [Note (1)] Flexural ultimate strength >14,000 psi >97 MPa
ASTM D 792 [Note (1)] Specific gravity 1.19 + 0.01 1.19 + 0.01
PVHP-1 method, para. 2-3.7(d) Ultraviolet (290-330 nm) (light <5% <5%
transmittance
PVHP-1 method, para. 2-3.7(e) Clarity, visually rated Must have readability Must have rpadability
ASTM D 696 Coefficient efilinear thermal expansion at <107 (in./in. °F) <10~ (mm/mm °C)
OF OC
-40 -40 2.9 5.22
-20 -29 3.0 5.40
0 -18 3.2 5.76
20 -7 3.4 6.12
40 4 3.7 6.66
60 16 4.0 7.20
80 27 4.3 7.74
100 38 4.7 8.46
120 49 5.1 9.18
140 60 5.4 9.72
ASTM D 648 Deflection temperature of plastics under >185°F >85°C
flexure at 264 psi (1.8 MPa)
PVHP-1 method, para. 2-3.8 Total residual monomer:
(@) methyl methacrylate <1.6% <1.6%

(b) ethyl acrylate

GENERAL NOTE: The manufacturer shall certify that the typical physical properties of the acrylic satisfy the criteria in this table.

NOTE:

(1) These tests require testing of a minimum of two specimens. For others, test a minimum of one specimen. Where applicable, use the
sampling procedures described in para. 2-3.7. For other tests, use the sampling procedures described in the appropriate ASTM test
methods. Where two specimens are required in the test procedure, the average of the test values will be used to meet the require-
ments of the minimum physical properties of this table.
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Table 2-3.4-2 Specified Values of Physical Properties for Each Casting

Specified/Values

Test Progedures Physical Property U.S. Customary Units Metric Units
ASTM D 438 Tensile:
[Note ()] (@) ultimate strength >9,000 psi >62 MPa
(b) elongation at break >2% >2%
(c) modulus of elasticity >400,000 psi >2 760 MPa
ASTM D 495 Compressive:
[Note ()] (a) yield strength >15,000 psi >103 MPa
(b) modulus of elasticity >400,000,psi >2 760 MPa
PVHO-1 method, Compressive deformation at <1:0% <1.0%
para 2{3.7(c) 4,000 psi (27.6 MPa)
and 122°F (50°C), 24 hr
PVHO-1 method, Ultraviolet transmittance <5% <5%

para 2{3.7(d)

PVHO-1 method,
para. 2}3.7(e)

PVHO-1 method,
para. 23.8

[for 0.5 in. (12.5 mm)
thickness]

Visual clarity

Total residual ménomer:
(@) methyl methacrylate
(b) ethyl‘aciylate

Must pass readability test

<1.6%

Must pass readability

<1.6%

test

GENERAL|NOTE:

of the mdterial meet the requireMients in this table.

NOTE:

Test coupons shall betaken from each casting or lot of material and shall be tested to verify that the physical prope

(1) Thesg tests require testing-of a minimum of two specimens. For others, test a minimum of one specimen. Where applicable, use tH
samplling procedures.described in para. 2-3.7. Where two specimens are required in the test procedure, the average of the test val
will be used to meét'the requirements of the minimum physical properties of this table.
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Table 2-4.5-1 Annealing Schedule for Acrylic Windows

ASME PVHO-1-2007

Part A: Minimum Heating Times of Elevated Temperature Annealing of Acrylic

Heat Time{Note (DT, i, for Acrytic Ptaced - tma Forced=Cireutattomr Atr over Matmtatmed ata Set
Temperature Within +5°F (+2.8°C)

230°F, Max. 212°F, Min. 195°F, Min. 185°F,| Min.
Thickness, in. (mm) (110°0) (100°C) (90°C) (859C)
.50 (12.70) 3.5 4.0 6.0 1140
.75 (19.05) 4.4 4.9 6.9 11J8
.00 (25.40) 5.3 5.9 7.7 12)6
.25 (31.75) 6.2 6.8 8.6 1314
.50 (38.10) 7.1 7.7 9.4 1411
.75 (44.45) 8.0 8.6 10.3 14)9
.00 (50.80) 8.9 9.6 1142 15)7
.25 (57.15) 9.8 10.5 12:0 16J5
.50 (63.50) 10.6 11.4 12.9 1713
.75 (69.85) 11.5 12.4 13.7 181
.00 (76.20) 12.4 13.3 14.6 18J9
.25 (82.55) 13.3 14.2 15.4 19)6
.50 (88.90) 14.2 15.1 16.3 2044
.75 (95.25) 15.1 16.1 17.1 2142
400 (101.60) 16.0 17.0 18.0 2240
>4.000 4 6 6 6
(per in. of additional
thickness| over 4)

Part| B: Maximum Cooling Rates for Acrylic Subjected to Elevated Annealing Temperatures

Maximum Time, hr, to Cool Acrylic From the Indicated Annegling
Cooling Temperature at the Maximum Permissible Rate to the Maximum
Rate, Allowable Removal Temperature of 120°F (49°Q
°F/hr 230°F 212°F 195°F 185°F
Thickness, in. (mm) (°C/hn) (110°0) (100°C) (90°C) (85°0C)
0.5Q0 to 0.750 incl. (13 to 19, incl.) 25 (14) 4.5 3.5 3 2.5
0.875 to 1.125, incl. (22 to 28, incl.) 18 (10) 6 5 4 4
1.290 to 1.500, incl. (32 to 38;7inek) 13 (7.2) 8.5 7 6 5
1.790 (44) 11 (6.1) 10 8.5 7 6
2.040 (50) 10 (5.5) 11 9 7.5 6.5
2.290 (57) 9 (5) 12.5 10 8.5 7.5
2.5Q0 (64) 8 (4.5) 14 11.5 9.5 8.5
3.0Q0 (75) 7 (4) 16 13 11 9.5
3.290 (82) 6 (3.5) 18.5 15 12.5 11
3.540 (89) 6 (3.5) 18.5 15 12.5 11
3.790 (92) 6 (3.5) 18.5 15 12.5 11
4.0Q0 (200) 503) 22 18 15 13
4,000°710 6.000, inct. (T00 t0 150, inct.) T2 275 73 T9 16.5
6.000 to 8.000, incl. (150 to 200, incl.) 3 (1.5) 37 30.5 25 22
8.000 to 10.000, incl. (200 to 250, incl.) 2 (1) 55 45.5 37.5 32.5
10.000 to 12.000, incl. (250 to 300, incl.) 1 (0.5) 110 91 75 65

NOTE:

(1) Includes period of time required to bring part up to annealing temperature, but not cooling time.
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PVHO-1 Form VP-1 Fabrication Certification for Acrylic Windows

Window Drawing No.

Window Identification

Material Stock Description

Manufacturer of acrylic

Trade name

Casting shape Nominal thickness

Lot prombeT CastmTg Tarroer

Certified for conformance to Table 2-3.4-1 by Date

Certfified for conformance to Table 2-3.4-2 by Date

Wi

ridow Description

Maximum allowable working pressure rating psi

Maximum temperature rating °F

MPa
°C

s

indow designed by

Joirt bonding (if applicable) (Name of Cempany and Designer)

Mpnufacturer of acrylic cement

Trpde name of cement

Cyring means and duration

AVerage tensile strength (per ASTM D 638)

Jdint quality conforms to para. 2-3.10 (yes/no)

Polishing agents

Clegning agent

Fabjrication Process Data

Firs{ annealing temperature (if applicable)

Ddration Cooling rate

Intefmediate annealing temperature (if applicable)
Dyration Cooling rate

Fingl annealing temperature (chart required)

Dyration Cooling rate

Dimgnsional checks

Adtual outside diameter, D, Actual inside diameter, D;

Actual thickness, t,, and t,;, Actual included angle, «

max
Actual sphericity (maximum deviatior from specified
sphericity measured by a template on the concave or
cohvex surface)

Canforms/deviates fromispecification for spot casting repairs

Window fabricatorha$ tested windows Yes

No

Window fabricator.iias completed PVHO-1 Form VP-5 Yes

No

THe windowidentified above has been fabricated in accordance with the material and fabrication requirements of the Safety

Stpndafd-for Pressure Vessels for Human Occupancy, ASME PVHO-1- Edition, and company
drpwinghumber —_, revision , dated
Authorized representative of window fabricator Date

Name and address of window fabricator

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than
republication.
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PVHO-1 Form VP-2 Acrylic Window Design Certification

Window Description Window Drawing No.
Maximum allowable working pressure psi MPa
Maximum design temperature °F °C Minimum design temperature °F °C

Window shape

Conversion factor table number

Pressure range, N Conversion factor, CF

Short-term critical pressure and fig. no.

Experimental Verification [Note (1)] No. 1 No. 2
Thickness t (actual)
No. 3 No. 4
D, (actual)
D; (actual) No. 5 STCP
Water temperature °F °C (Note eacntest specimen FS for

full scate.and MS for model scgle.)

Type of failure

Test conducted at

Test supervised by

Window Design

Inner diameter, D; (nominal) Included angle (nofminal)
External radius of curvature (nominal) Minimum tiD;(calculated)
Minimum t (calculated) D;ID; (ngminal)

Minimum D; (calculated)

Diametral interference/clearance between
D, of window and window seat at maximum
design temperature (calculated)

Diametral interference/clearance between
D, of window and window seat at minimum
design temperature (calculated)

Actual t (specified on drawing)

Actual D; (specified on drawings) Actual D, (specified on drawings)

Actual external radius of curvature
(specified on drawings)
(spherical or cylindrical)

Drawing no. of window —~_2 __ Drawingno.offlange — Drawingno.ofassembly 1

Description of pressure yessel (for which the window has been designed)

The viewport design complies with all of the requirements of the Safety Standard for Pressure Vessels for Human Occupancy,
section,2-2.

Viewport Designer Date
Authorized representative of chamber manufacturer or owner Date

Name and address of chamber manufacturer or owner Date

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes

other than republication.

NOTE:

(1) If STCP is determined experimentally according to para. 2-2.5.2, then the critical pressures of all five windows tested, the testing
laboratory, and the test supervisor should be noted here.
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PVHO-1 Form VP-3 Material Manufacturer’s Certification for Acrylic

The innem)x________in.(cm) acrylic sheet/custom castingsof _______in. (cm)

nominal thicknessinLotNo._____ have been produced by

under the trademark of

These castings possess typical physical properties satisfying the minimum values specified in Safety Standard for Pressure
Vessels for Human Occupancy, Section 2, Table 2-3.4-1, in accordance with the material manufacturer’s Quality Assurance
Manual Edition , Rev. , dated

Authorized representative of manufacturer of plastic Date

Name and address of manufacturer of plastic

IGENERAL NOTE: This form may be reproduced and used without written permission from ASME 'if used for purposes other
han republication.

80

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS Not for Resale


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2007.pdf

Copyright ASME International
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PVHO-1 Form VP-4 Material Testing Certification for Acrylic

1. Test specimens have been [ cut from casting or [ supplied already cut by

2. Test specimen taken from [ acrylic sheet or [Jcustom castingsNo.__________in Lot No. of
centimeters nominal thickness that have been produced by under the
(material manufacturer)

trademark of possess the following physical and chemical properties:

Test Method Property Results

PVHO-1 method Compressive deformation at 4,000 psi (27.6 MPa)
para. 2-3.7(c) and 122°F (50°C)
ASTM D 638 Tensile:

(a) ultimate strength

(b) elongation at break

(c) modulus of elasticity

ASTM D 695 Compressive:
(a) yield strength

(b) modulus of elasticity

PVHO-1 method, Ultraviolet transmittance
para. 2-3.7(d) [for 1/, in. (12.5 mm) thickness]
PVHO-1, para. 2-3.7(e) Visual clarity
PVHO-1, para. 2-3.8 Total residual methyl methacrylate %
and ethyl acrylate monomers %

The experimentally proven properties\satisfy the minimum values specified in Table 2-3.4-2 of the Safety Standard for
Pressure Vessels for Human Occuypaney.

Authorized representative of material testing laboratory Date

Name and address of'matérial testing laboratory

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes
oth€fthan republication.
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PVHO-1 Form VP-5 Pressure Testing Certification

Window Description

Maximum allowable working pressure

Maximum design temperature

Tes

Window Identification

Arrangement

Wihdows tested in operational viewport/simulated viewport

Prdssurizing medium temperature

Ra

Duration of sustained pressurization

Qperational/simulated viewport drawing no.

Test pressure

(operational/simulated)

Window tested according to para. 2-7

(yes/no)

psi MPa

Qverpressure ratio (test pressure/maximum

allowable working pressure)

e of pressurization (average)

°C

Tes{ Observations (yes/no)

Le

Pe

Crdzing

Crdcking

kage

manent deformation

Th

Hul

b acrylic window was pressure tested accdxding to the procedure of section 2-7 of the Safety Standard for Pressure Vessels for
Iman Occupancy and was found to perform satisfactorily without any visible permanent deformation, crazing, or cracking.

or

ser (windows for réplacement in an existing chamber)

Prgssure test supervisor Date
Najme and address of pressure testifig laboratory
Aufhorized representativé of éhamber manufacturer (windows for new chamber), Date

GEN
repu
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PVHO-1 Form VP-6 Acrylic Window Repair Certification

. Window Shape (From Visual Inspection)
Conical frustum

Window Identification

Double beveled

Spherical sector with conical edge

Hemisphere with equatorial flange

Flat disk

Spherical sector with square edge

Hyperhemisphere with conical edge

NEMO

Cylinder

. Design Data (From PVHO-1 Form VP-2)
Original design certification prepared by

Maximum allowable working pressure

Minimum thickness (calculated t) for above temperature and pressure

. Original Fabrication Date (From PVHO-1 Form VP-1)
Original fabrication certification prepared by

Maximum design temperature

(Name of pref]

(Name of fabri

Fabricated according to drawing

Actual minimum thickness, t

Actual outisde diameter, D,

. Repair Instructions (Refinish the following surfaces)

High pressure face Low pressure face

Beveled edges

Spot casting meeting requirements of paras. 2-3.10 and 2-9.8 is

authorized where appropriate

Identification marking

Actual inside diameter, B;

arer)

fator)

Bearing surfaces

Sealing surfagés

The minimum thickness, t, of the repaired window is to meet or exce€d
The inside diameter, D;, of the repaired window is to meet or exceed

Repair of window has been authorized by

(Name of com|

any)

(Name of authorized representative)

. Repair History (The following surfaces were refinished)

High pressure face

Bearing surfaces

Spot Casting Process
Resin used

Polymerization technique

Low pressure face

(Signature of authorized representative)

Beveled edges

Catalyst used

Tensile strength of bond with/acrylic per para. 2-3.10(a)

Sketch of spot casting.}ocations attached

(Yes)

(No)

Minimum thickness gf repaired window

The minimum thickness of repaired window meets or exceeds

minimum cafcutated thickness of paras. 2-2.2 through 2-2.5

The repaired.window was annealed at

(Yes)

for

(No)

hr

During’fabrication the original window identification markings were Left intact

Théwrepair marking applied to the window reads as follows

Removed and reapplied

The refinished surfaces, spot castings, and minimum thickness of the repaired window meet all the requirements of

OELLIUNT 2 aru uie ditatlied UesIyIimT LeTtnicduoim v imU=T TOTTIT Vir=2Z.

Authorized representative of window fabricator

Name and address of window fabricator

GENERAL NOTES:

(a) The data for parts 1 through 4 of this form are to be provided and certified by the company/individual authorizing the repair of windows.
(b) The repair process information required by part 5 is to be provided and certified by the window fabricator performing the repair.
(c) This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Section 3
Quality Assurance for PVHO Manufacturers

3-1

This pection specifies the requirements for establish-
ing and maintaining a Quality Assurance Program for
anufacturers and window fabricators in accor-

ith the applicable edition of this Standard.

3-2 RESPONSIBILITIES
3-2.1 (ompliance With This Standard

The FVHO manufacturer and window fabricator are
respondible for implementing and maintaining the qual-
ity requirements as described in ISO 9001 or ISO 13485,
whicheyer is applicable. It is not, however, the intent
of this ptandard to require a PVHO manufacturer’s*or
fabricator’s Quality Assurance Prograruto be

in accordance with ISO 9001 or{ISO 13485
ents by a third party, and nothing’in this Stan-
dard shiould be construed to imply such-a‘requirement.

3=2.2Ducumentatiom of theQuatity Assuramce ]
Program
The PVHO manufacturer and window fabricator s
be responsible for documenting the Quality Assur
Program in accordance with this Sectjon!

3-2.3 Certification

The PVHO manufacturer and window fabricator s
certify compliance with this\Standard by furnishing
purchaser with the approptiate PVHO-1 forms and
marking in accordande with requirements of
Standard.

3-2.4 Right of Access

The putchaser or their authorized representat
Authorized Inspection agency representatives, and
ulatory; agency representatives shall be granted reas
able ‘access to PVHO manufacturer and wind
fabricator’s facilities for the purpose of conduct
inspection or qualification activities.

3-2.5 Records

Records required for traceability shall be retained
the PVHO manufacturer and window fabricato
accordance with para. 1-7.9 in Section 1, Geng
Requirements.
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Section 4
Piping Systems

4-1.1 Scope

'VHO piping systems are subject to the requirements
of this Section of the Standard and any additional
reghirements specified in the User’s Design Specification
in gccordance with section 1-4.

iping systems constructed under the requirements
conftained in this Section are limited to design tempera-
turgs between 0°F (-17.8°C) and 150°F (65°C), inclusive.
[his Section is to be used as an adjunctive document
to 831.1 or B31.3. The user or an agent on behalf of the
uselr is to specify the appropriate section of B31 to be
used by the designer.

Specific piping within the PVHO piping system may
als¢ be subject to other Codes or Standards, such as
B31.9 Building Service Piping, NFPA Fire Protection
Stajndards, NFPA-99 for Health Care Facilities, and
building codes.

[his Section provides guidance and engineering
reqpirements deemed necessary to the safe design and
confstruction of a PVHO piping system. This Section is
not|all inclusive and does not relieve the designér-of the
responsibility to use competent engineering-jtidgment.

4-112 Design and Fabrication

-1.2.1 User’s Design Specification. The user, or an
agent on his behalf, who intends_that a piping system
be Hesigned, fabricated, tested;”and certified to be in
compliance with this Sectien-of the Standard shall pro-
vide, or cause to be provided, a written User’s Design
Spdcification. This shall'set forth requirements as to the
intgnded use and Operating conditions in such detail as

shalll inchide, as a minimum, the following;:

(¢) \limitations and boundaries of the piping systems

(b) piping system maximum operating pressures,
required pressurization and depressurization rates, ven-
tilation rates, and the conditions under which those rates
are to be maintainable [paras. 4-9-7.1(a) and 4-9-7.1(b)]

(c) conditions affecting the requirements for and
amounts of stored gas reserves

(d) required number of breathing gas connections and
their characteristics

(e) data that shall be provided to the owner and the
duration of retention of that data by the fabricator if
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otherthar tiwt Tequited by para: 4-1-2:3of thig| Section
and the disposition of the data should the fabxifator go
out of business.

4-1.2.2 Design Certification. Conformanceg of the
piping system design to the requirerents of thiq Section
of the Standard and the User’s Design Specificat{on shall
be established by one of theyfollowing procedres:

(a) Professional Engineer, Certification. A Professional
Engineer, registered in‘oné or more of the U.9. states,
or the provinces of Cahada, or the equivalent jn other
countries and expetienced in piping systems Hesigns,
shall certify that‘the piping system was designed by
them or under their direct supervision, or that they have
thoroughly reviewed a design prepared by othprs, and
that to the best of their knowledge, within th¢ User’s
DesignrSpecification, the piping system design jomplies
with' this Section of the Standard.

(b) Independent Third Party Certification. The piping
system design shall be reviewed by an independpnt clas-
sification society competent in pressure vegsels for
human occupancy systems, and such organizatjon shall
provide a certification that, within the User’s| Design
Specification, the piping system design compljes with
this Section of this Standard.

(c) Medical Use PVHO Certification. The piping system
design for PVHOs intended for use as medical devices,
designed and manufactured according to the manufac-
turers standard commercial design, shall comply with
the U.S. Food and Drug Administration (FDA) Design
Control Requirements as stated in 21 Code of|Federal
Regulations (C.ER.) Part 820, Quality System |[Regula-
tions. Standard Products meeting the requirements of
the FDA are exempt from the requirements sfated in
para. 4-1.2 of this Standard.

(d) Fabricator’s Certification. The fabricator of [the pip-
ing system shall be responsible for complying ith the
requirements of this Section of the Standard. The|fabrica-

or-sha v i ificatd tahce with
this Section of the Standard and with the User’s Design
Specification.

PO & v O = O P

4-1.2.3 Data Retention. The fabricator shall retain
a copy of the User’s Design Specification, the Design
Certification, and supporting data (test data, material
test reports, as required by the User’s Design Specifica-
tion) for at least 5 years. A copy of the piping system
User’s Design Specification, the Design Certification,
and the Fabricator’s Certification shall be provided to
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the user with the system. For Medical Use PVHOs, com-
pliance with FDA data retention requirements shall be
considered conforming with this paragraph.

4-2 MATERIAL REQUIREMENTS
4-2.1 Acceptable Materials
4-2.1.1 Pipe and Tube. Pipe and tube for use in

4-2.2.4 Castings. Cast components are subject to
possible porosity and should be avoided in helium ser-
vice. Cast, ductile, and malleable iron pipe, tube, and
fittings shall not be used. Cast components of other
materials may be used if not otherwise prohibited by
this Standard.

4-2.2.5 Seawater Service. Materials that will be
repeatedly or continuously exposed to seawater shall

PVHO piping systems, except as otherwise restricted or
permittpd, shall be of a material for which allowable
stress vplues are listed in Appendix A of ASME B31.1,
Appendices A and B of ASME B31.3, or are listed in
Table 412.1.1 in this section.

4-2.1.2 Fittings. Unless otherwise restricted or per-
mitted, [the following apply:

(a) Fittings that are attached to a pipe or tube by
welding, brazing, or threading shall conform to the spec-
ificatio}s and standards listed in Table 126.1 of ASME
B31.1 and Table 326.1 of B31.3.

(b) Fittings that are attached to a pipe or tube by other

ents, shall not utilize plating or coating with
, and shall not be manufactured from'the fol-

operatipnal-ptocedures and are adequately protected
against [cerresion, both internally and externally.

be compatlble WwIth seawater service.

4-2.2.6 Oxygen Service. Materials that\wil] be
exposed to oxygen and oxygen lubricants shall"be cpm-
patible with the combination of oxygen, lubrication, pnd
flowing conditions to which they are ekposed. For ghid-
ance in the selection of materials(suitable for oxygen
service, refer to publications CGA'G4.4 and ASTM {d 88.

4-2.3 Lubricants and Sealants

Lubricants and sealafts) ‘are necessary in breath
gas systems for lubricating O-rings, lubricating moying
parts of pressure ¢ontrol valves, and lubricating and
sealing pipe thredd joints; however, due to the possible
presence of pxygen-enriched gases and the ultimatefuse
of the gasforrespiratory purposes, lubricants and seal-
ants must)be selected with care.

(a) cbubricants and sealants used in breathing gas
oxygen systems shall be of a type recommended by
manufacturer for the intended service.

(b) Fluorochlorocarbon-based lubricants shall nof be
used on aluminum.

ing

hnd
the

4-2.4 Nonmetallic Materials

4-2.4.1 Hose Materials and Pressure Ratings
(a) MAWP. All hoses used in PVHO piping syst
shall have a MAWP equal to or greater than the degign
pressure of the line in which they are used, or a suitgble
relief valve set at the MAWP of the hose shall be pro-
vided.
(b) Burst Pressure. The burst pressure rating of pny
hose shall be at least four times its rated MAWP. [The
effect of fittings on the burst pressure is to be considgred
in establishing MAWP.
(c) Liners. The liners for hoses shall be appropiiate
for the intended service. Liners for use with breatlling
gases containing helium should also be relatively imper-
vious to helium. Nylon, polytetrafluoroethylene (PTFE),

PIS

The eLkato Uf thc ey lisl Dlti\.ll L Uf I th dar ld Uthcl LULLUDLUL r
products into downstream components such as valves
and regulators must be considered.

4-2.2.3 Aluminum. Aluminum may be used only
when adequate precautions are taken to prevent contact
with fluorochlorocarbon lubricants and hydroxide-
based absorbents. Further, the corrosive effect of seawa-
ter and combinations of hydroxide chemicals and seawa-
ter must be considered in alloys intended for use in
marine systems.
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and many natural and synthetic rubbers will normally
satisfy these requirements.

(1) Liner materials are acceptable for breathing gas
service if they will pass the off-gassing test contained
in para. 4-9.14 or they are rated by the manufacturer for
breathing gas service. PTFE, nylon, and flexible metal
liners meeting the requirements of para. 4-2.2 and that
have been cleaned for breathing gas service are accept-
able for breathing gas and oxygen service without an
off-gassing test.
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(2) Hoses to be used for oxygen service shall use
liner materials that are suitable for use with gaseous
oxygen at the design pressure of the system or that are
rated for such service by the manufacturer.

(3) Liner material shall be compatible with cleaning
materials used to clean the hose assembly to the same
level of cleanliness as the system of which it is a com-
ponent.

(d) Hoses shall be installed in a manner that mini-
mizes minor kinks, crushes, etc., which may not harm
the internal working pressure capability of the hose but
may cause it to collapse when subject to external
pressure.

(e) Tight radius bends and torsional loads shall be
avoided.

4-2.4.5 Testing

(4) Reoinforcement Laver Reinforcement laver materi

J

hall be compatible with the intended service.
) Outer Jacket. Jacket materials shall be compatible
with the intended service. The outer jacket on hoses
int¢gnded for helium service shall be perforated or suffi-
ciefptly permeable to allow escape of gas that may seep
through the inner liner. For other gas service applica-
tions, the designer should consider the possible needs
for jouter jacket perforation.

(f) Fittings. Fitting material shall be suitable for the
int¢nded service and fitting materials shall comply with

als

-2.4.2 Installation

(#) All permanently installed hoses shall be installed
such that they are not subject to bending at radii less
thah the manufacturer’s minimum rated bend radii and
ccordance with all other applicable manufacturer’s
mmendations.

(b) Permanently installed hoses used to compensate
for pxpansion and contraction shall be installed i accor-
danjce with manufacturer’s recommendations. Where
possible, hoses should be installed to alway$be in single
plahe bending and free of torsional or, axial loading.
(¢) Hoses installed in locations stibjéct to abnormal
levels of cyclic vibration shall besized and selected for
thif type of service.

B-2.4.3 Marking. Hoses-shall be marked with the
mahufacturer’s name{ox trademark, type or catalog
number, MAWP, test.pressure, and test date. This infor-
mation shall be eithier permanently printed on the hose
or ¢n a permanently attached corrosion resistant metal
tag] Metal tdgs, when used, shall be affixed so as not to
abrpde the\hose or prevent the hose from normal bend-
ing|or expansion due to pressure.

(a) Hoses that are received made up from the hose
manufacturer and that were tested by the manufacturer
in a manner substantially equivalent toythe procedure
described in para. 4-9.14 need not be\retésted.

(b) Locally assembled hose assemblies shall He tested
as prescribed in para. 4-9.14 before being placedl in ser-
vice. Hose assemblies may be-tested individually or as
a portion of the system of which they form a part.

(c) Locally assembled/hose material inten{ded for
external pressure sefydce shall be tested as follpws:

A representativersection of hose shall be nmpade up
with fittings of the type intended for use with the hose
using normally expected attachment procedufes. The
section of\hose shall be bent 180 deg at a bendl radius
equal.to'the minimum bend radius expected in|service.
The Rose shall be exposed to an external pjressure
1.5 times its maximum system external pressure|for 1 hr.
Alir is an acceptable pressurizing medium. The hse shall
exhibit no evidence of collapse, either of the casirjg (outer
jacket and reinforcing layer) and liner together, ¢r of the
liner separately. Hose collapse may be determfined by
observing the pressure drop at a specific flow fate of a
fluid flowing through the hose. The pressure d
increase significantly when collapse occurs.

4-2.4.6 Nonmetallic Pipe and Tube and Bonding
Agents. Design properties of these materigls vary
greatly and depend upon the materials, type, grade, and
lot. For new nonmetallic piping assemblies, p4rticular
consideration shall be given to the possibility ¢f

(a) destruction by fire

(b) decrease in tensile strength at elevated femper-
ature

(c) toxic off-gassing, in-service, and fire condition

-2 44 Hoses Subject to Externat Pressure. Ihe
following are required for hoses subject to external
pressure:

(a) The hose construction shall be of a type that is
resistant to collapse.

(b) The liner, if present, shall be securely bonded to
the reinforcing layer.

(c) Fittings shall be of a type that forms a seal at the
end of the hose. Fittings that leave the cut end of the
hose open to pressure shall not be utilized.
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(d) adequate support for flexible pipe
(e) breathing gas compatibility

4-3 DESIGN OF COMPONENTS
4-3.1 Straight Piping Under External Pressure

For determining wall thickness and stiffening require-
ments for straight pipe and tubing under external pres-
sure, the requirements of Section VIII, Division 1 or 2,

Not for Resale


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2007.pdf

ASME PVHO-1-2007

of the ASME Boiler and Pressure Vessel Code shall be
followed.
4-3.2 Straight Piping Under Internal Pressure

4-3.2.1 Minimum Wall Thickness. The thickness of
pipe or tubing shall not be less than as required in B31.1,
para. 104.1, or as specified in para. 304.1 of B31.3.

4-3.2.2 Additional Thickness Requirements. The

(1) Line MAWP is 175 psig or less.
(2) The joint meets the reinforcement requirements
of para. 104.3.1(g) of ASME B31.1.

4-3.7 Pressure Design of Bolted Flanges and Blanks

The pressure design of bolted flanges and blanks shall
be in accordance with para. 104.5 of ASME B31.1.

Gasket and seal materials and design shall be suitable
for the intended service

thicknegs determined from the formulas in ASME B31.1
para. 104.1 and para. 304.1 of B31.3 are theoretically
ample fpr both bursting pressure and material removed
in threafling. The following requirements are mandatory
to furnish additional mechanical strength:

(a) Threaded steel or stainless steel pipe for use at
pressurgs over 500 psig shall have a minimum ultimate
tensile gtrength of 48,000 psi (330 MPa) and a wall thick-
ness at|least equal to Schedule 80 of ASME B36.10M.
For prepsures of 500 psi and less, threaded pipe shall
have a wall thickness at least equal to Schedule 40 of
ASME B36.10M.

(b) Threaded brass or copper pipe used for the ser-
vices dgscribed above shall have a wall thickness at least

equal t¢ that specified above for steel pipe.

(c) Pjpe or tubing subject to bending shall comply
with tFe wall thickness requirements of B31.1
Table 1(2.4.5 or para. 332 of B31.3.

4-3.4 Bending of Pipe and Tube

Pipe [and tube bent or formed for a PVHO piping
system phall be bent or formed as described in para. 102
of B31.1 or para. 332 of B31.3.

(a) Bending of pipe and tube in a PVHO piping sys-

tem shgll be performed in accordance with_a written
bending procedure.

(b) Pipe and tube may be bent by~any hot or cold
method| and to any radius that will-result in a bend
surface|free of cracks and buckles.

4-3.5 S

It shell be the responsibility of the designer to deter-
mine that the piping is(adequately supported and that
the pipihg system is sufficiently flexible to accommodate
the relafive moyements and changes in temperature.

Should the.designer determine that a stress analysis
is requifed ‘it’shall be performed in accordance with the
requirenents of para. 104.8 of ASME B31.1 or para. 319

tress Analysis of Piping Components

4-3.8 Design of Penetrations Through the Pressmle
Boundaries of PVHOs

See Nonmandatory Appendix B for guidelines for| the
design of piping penetrations throdgh the presdure
boundaries of PVHOs.

4-4 SELECTION AND LIMITATIONS OF PIPING
COMPONENTS

4-4.1 Pressure Requirements

4-4.1.1 Maximum Allowable Working Presslure
(MAWP). The MAWP of all components shall be equal
to or greater-than the maximum operating pressurp of
the system or line of which they form a part.

4-4.1,2" Differential Pressures. Where compong¢nts
may-be subject to differential system pressures, the |dif-
ferential pressure capacity of the component must be
equal to, or greater than, the maximum possible diffefen-
tial pressure; otherwise, suitable overpressure protection
shall be provided.

4-4.1.3 Alternating Internal and External Pressures.
Components subject to alternating (i.e., both intefnal
and external) pressure shall be designed for the mpaxi-
mum differential pressure that may exist in either
direction.

4-4.1.4 Pressure Ratings. When possible, all pipe
and tubing of the same material and diameter used fin a
single PVHO piping system shall have the same presgure
rating. When this is not possible, special precautjons
shall be taken to prevent inadvertent mixing of mpte-
rials.

4-4.2 Valves

The designer shall select valves suitable for
intended service.

the

of ASME B31.3.

4-3.6 Pressure Design of Fabricated Joints and
Intersections

(a) Exceptas permitted in para. (b) below, where joints
are fabricated and the service does not exceed 5 psig,
B31.1 para. 104.3 or B31.3 para. 304.3 shall be followed.

(b) Fabricated branch joints made by brazing a branch
line into an extruded opening in the run line may be
used provided the following:
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4-4.2.1 Valves Subject to Internal and External Pres-
sures. Valves subject to both internal and external pres-
sures shall employ seals and stem packing suitable for
bi-directional service.

4-4.2.2 Stop Valves. Stop valves shall be selected
and installed to close with a clockwise rotation of the
valve handle.

4-4.2.3 Ball Valves. Ball valves shall employ blow-
out proof stem designs.

Not for Resale
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4-4.2.4 Service Access. Valves in breathing gas and
other life-sensitive systems shall be selected and
installed to provide access for maintenance.

4-4.2.5 Quick Opening Valves. Quick opening
valves shall not be used in oxygen systems witha MAWP
at over 125 psig. Quick closing valves (e.g., an excess
flow check valve) may be used regardless of pressure,

4-5 SELECTION AND LIMITATIONS OF PIPING
JOINTS

4-5.1 Welded Joints

Welded joints in PVHO piping systems shall be con-
structed in accordance with the requirements of paras.
127, 131, and 132 of ASME B31.1 or paras. 328, 330,
and 331 of B31.3, subject to the following additional
requirements:

provir]pd that their r‘nrmr‘ii—v is sufficientlyv less than the
caplcity of upstream components so that closure of the
valye will not result in a pressure rise at the inlet to
the[ valve large enough to cause hazardous adiabatic
compression heating of the gas.

i-4.2.6 Remotely Operated Valves. Remotely oper-
ateql valves shall be selected and installed so that they
faillin the safe position. Valves in services that cannot
tolgrate interruptions shall be provided with a manual
override or bypass.

B-4.2.7 Relief Valves. Where tamper proof design
is r¢quired, relief valves used for protection against over-
prepsures in excess of system service pressures shall be
“V stamped valves manufactured in accordance with
Section VIII of the ASME Boiler and Pressure Vessel
Codle.

4-43 Filters

-4.3.1 Element Collapse Pressure Rating. Elements
of filters, used in breathing gas and other life sensitive
systems, shall have a collapse pressure ratifig-equal to
or greater than the design pressure of the line in which
they are installed, or the filter shall be fitted with a
differential pressure device indicating when the element
negds renewal or cleaning.

4-4.3.2 Element Construction. All particulate filters
in gressurized lines in breathing gas and other life-sensi-
tivg systems shall use*elements of the woven wire,
scr¢en, or sintered{metal types. Sintered metal elements
shguld be avoidedin high flow, high vibration, or other
applications’ cenducive to element deterioration. Cloth
and paper'eléments shall not be used.

4-4.3.3 Bypass Requirements. Insystems where the

Welded joints of NPS (nominal pipe size) 2%
size or smaller may be socket welded or-buitt
Welded joints over NPS 2% in. pipe siZe shall
welded.

in. pipe
welded.
be butt

4-5.2 Brazed Joints

Brazing shall be performed ih accordance with para.
333 of B31.3.
(a) The Brazing Procedtre Specification and the Pro-
cedure QualificatidmRecord shall meet the Require-
ments of either ASME Section IX or AWS B2.2
(b) Fabricatof Certification of the Brazing Prcedure,
Procedure Qualification, and Brazer Qualifidation is
required:

4-5.3"Mechanical Joints

4-5.3.1 Seal Selection. Mechanical joint designs
employing seals where effective sealing is not dependent
on bolt preloading are recommended.

4-5.4 Threaded Joints

4-5.4.1 Pressure Limitations
(a) Fittings shall have a pressure rating equal to or
greater than the MAWP of the system in which they
are used.
(b) Size-pressure limits for pipe threaded joifits shall
be as follows:

Size NPS Pressure
Over 3 in. Not permitted
2% to 3 in. 400 psig
2 in. 600 psig
1% to 1% in. 800 psig
1 in. 1,500 psig

% in. or smaller MAWP of the fittings or

pipe, whichever is less|

(c) Straight thread O-ring sealed fittings may|be used

ability to maintain uninterrupted service is required, all
particulate filters shall be installed so that a clogged
filter can be bypassed without disrupting the fluid flow
to the end-use point.

4-4.4 Mufflers

Mufflers used for oxygen service (including vent lines
from oxygen service systems) shall be fabricated of
materials that are compatible with oxygen.
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without limitation on size.

4-5.4.2 Helium Service. For helium service, pipe :
threads should be avoided; straight thread O-ring sealed :
fittings are recommended over pipe thread fittings for
helium service.

4-5.4.3 Lubricants. Any compound or lubricant
used in threaded joints shall be suitable for the service
conditions and shall not react unfavorably with either
the service fluid or the piping materials.

Not for Resale
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4-5.4.4 Seal Welding. Threaded joints that are to
be seal welded shall be made up without any thread
compound, and the weld shall provide complete
(360 deg) coverage. Seal welding shall be done by using
qualified welders in accordance with Section IX of the
ASME Code per para. 127.5 of ASME B31.1 or para.
328.2 of B31.3. Seal welds shall not be considered as
contributing to the mechanical strength of a joint.

metal gasket shall be used between the tube and the
body of the fitting.

(b) Compression Fittings. The nuts and ferrules used
shall be of the same material type (e.g., stainless steel
or nickel-copper) as the tube, and the tube end shall be
pre-swaged using a swaging tool or a suitable temporary
fitting.

4-5.5.4 Cutting of Tube. All tube that is to be used

4-5.4.5Stainless Steel Threads.  To reduce the possi-
bility df galling where pipe threads are to be used
betweeh stainless steel components, there shall be a
hardnegs difference between the thread surfaces of the
two compponents of at least 5 points on the Rockwell B

with tlare tube fittings shall be saw cut.

4-6 SUPPORTS
It shall be the responsibility of the designer to defter-

scale, of some other method of galling prevention shall ~ mine the support requirements of. the-piping system.
be used. The suggested support spacing,.are found in B3L.1,
4-5.4.6 Straight Threads. When straight thread Table 121.5, or Part 5, para. 321°0f B31.3.

O-ring pealed fittings are used in locations that may
subject [the fitting to vibration or a torque that would
tend to|unscrew it, provision shall be made to prevent

inadvertent loosening of the fitting.

4-5.4.7 Aluminum Threads. A suitable thread com-
pound khall be used in making up threaded joints in 4-7 INSPEGHION
aluminfim fittings to prevent seizing. Aluminum pipe 4-7.1 Inspection of Welded Joints

should ot be threaded.

4-5.5 Jpints and Fittings in Tubes

Factoys such as vibration loads and frequent disassem-

Where detailed support designs and calculations|are
required, they shall be petformed in accordance with
para. 119 of ASME B3%l.er para. 319 of ASME B31.B as
applicable.

Allwelds in PVHO piping systems that are subjeqt to
stresses due to pressure shall be inspected in accordgnce
with the requirements of Table 4-7.1. The inspection pro-
cedures and acceptance standards shall be in accordgnce

bly and|re-assembly of the piping system shall be consid-\" with para. 136 of ASME B31.1 or para. 34( of
ered in fhe selection of the type of tube fittings tobeuséd.  ASME B31.3. The fabricator (or his agent) shall engure
4-5.5.1 Fittings Subject to Frequent Disassembly. that all inspection personnel are qualified to perform

The desjgner shall give special consideration to the selec-
tion of fittings in locations where frequent-disassembly

4-5.5.2 Limitations:. Compression-type fittings of

the required inspections.

4-7.2 Inspection of Brazed Joints

Brazed joints performed in accordance with para. 4-5.2
of this section shall be subject to a visual inspecfion
as a minimum. The following acceptance criteria shall
apply:

(a) Pre-inserted alloy-type joints may be considg
satisfactory when, before any face feeding, the t
length of exposed brazing alloy between the out
surface of the pipe or tube and the outer end of
fitting is greater than % of the circumference, with
greatest unexposed portion not exceeding 10% of
circumference.

red
btal
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4-5.5.3 Restrictions. Fittings and their joints shall
be compatible with the tubes with which they are to be
used. They shall conform to the range of wall thickness
and method of assembly recommended by the manufac-
turer, except that brass fittings may be used on stainless
steel or nickel-copper tube under the following restric-
tions:
(a) Flared Tube. The tube shall be flared using a suit-
able flaring tool for the tube material, and a crushable

90
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ing alloy between the outside surface of the line and the
outer end of the fitting.

4-8 TESTING
4-8.1 Hydrostatic Tests

Pressure testing of the piping systems may be carried
out at either the component or system level. When com-
ponent level testing is specified in the User’s Design
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Specification, a post assembly system leak test to
operating pressure shall be performed.

Where a hydrostatic test is not possible or desirable,
refer to para. 4-8.2 for pneumatic test requirements.

4-8.1.1 Test Fluid. Water shall normally be used for
a hydrostatic test fluid unless otherwise specified by the
owner in the User’s Design Specification. Test water
shall be clean, oil free, and of such purity as to minimize

4-8.2.3 Test Pressure. The pneumatic test pressure
shall be not less than 1.2 nor more than 1.5 times the
MAWP of the piping system. Any component requiring
isolation shall be isolated.

4-8.2.4 Preliminary Test. A preliminary pneumatic
test not to exceed 25 psig may be applied, prior to other
methods of leak testing, as a means of locating major
leaks. If used, the preliminary pneumatic test shall be

corfosion of the material in the piping system.

-8.1.2 Test Pressure. Piping systems shall be sub-
jected to a hydrostatic test pressure not less than
1.5[times the maximum allowable working pressure
(MAWP) of the system or subsystem. Any component
reqiring isolation shall be isolated.

-8.1.3 Holding Time. The hydrostatic test pressure
shall be continuously maintained for a minimum time
of 10 min and for such additional time as may be neces-
sary to conduct the examinations for leakage.

-8.1.4 Examination. Examinations for leakage
shall be made of all joints and connections. The piping
sysftem, exclusive of possible localized instances at
puinp or valve packings, shall show no visual evidence

-8.1.5 AirVents. Where a complete piping system
be hydrostatic tested, vents shall be provided at
igh points of the piping system in the position, iy

2 Pneumatic Tests

-8.2.1 Limitations. Pneumatic testing shall not be

used in lieu of other méans of pressure testing except

(& 3ahen piping systems are to be used in service

performed in accordarice with the requirements ¢f paras.
4-8.2.2 and 4-8.2.3.

4-8.2.5 Application of Pressure. Theé pressufe in the
system shall be gradually increased 'to not m¢re than
one-half of the test pressure, after which the pressure
shall be increased in steps of approximately ohe-tenth
of the test pressure until theyrequired test presgure has
been reached.

4-8.2.6 Holding Time." The pneumatic test pressure
shall be continuously“maintained for a minim{yim time
of 10 min, after which the pressure shall be reduced to
system design pressure for examination for leakage.

4-8.3 Leak/Testing

Using a suitable test medium, all joints and [connec-
tions-shall be examined for leakage by bubble tgsting or
equivalent method at the maximum operating pgressure.
The piping system, exclusive of possible lqcalized
instances at valve packings, should show no gvidence
of leaking. For helium systems foaming of the test
medium is allowed. Detectable leaks in oxygen pystems
shall not be permitted at any location.

Following either pneumatic or hydrostatic tesfing, the
piping system shall be leak tested in final asgembled
condition.

4-9 SYSTEMS

There are various system and component gelection
considerations that may affect the operational dafety of
a PVHO piping system. Requirements regarding|specific
safety and component issues are found in this [Section.
These requirements are not intended to be used |in total-
ity for all PVHO piping systems but rather applied by
the designer as applicable to the specific indpstry in
which the PVHO will be used.

It is the owner’s and/or the designer’s respopsibility

where traces of the testing medium cannot be tolerated
(e.g., lines to gas analyzers)

4-8.2.2 Test Medium. The gas used as the test
medium shall be oil free, nonflammable, and nontoxic
or as specified in the User’s Design Specification. Since
compressed gas may be hazardous when used as a test-
ing medium, it is recommended that special precautions
for protection of personnel shall be observed during
pneumatic testing.
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to determine which of these requirements is applicable
to the PVHO piping system being designed.

Specific section 4-9 requirements being applied shall
be enumerated in the User’s Design Specification and
thereby become mandatory.

4-9.1 System Design Requirements

The designer shall use the requirements in this Section
as appropriate for the specific industry PVHO piping
system being designed. It is intended that only those
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requirements determined to be applicable by the
designer be mandatory, and the designer should be thor-
oughly familiar with this section before application of
these requirements. It is the designer’s responsibility
to determine the specific application of section 4-9 in
accordance with accepted practice, jurisdictional
requirements, and safety. Those requirements deemed
mandatory by the designer because of industry, service,
or regulatory requirement shall be listed in the User’s

routine PVHO operations from exceeding those deter-
mined in appropriate national standards to cause dam-
age or discomfort to the PVHO Occupants.

4-9.3 Pressure Boundary Valve Requirements

4-9.3.1 Internal Pressure PVHOs. All lines penetrat-
ing the pressure boundary of a PVHO subject to internal
pressure only shall have a stop valve or a check valve,

as appvnpri:{-a, on-the outside of the PVHQO a5 clos as

Design [Specification. possible to the penetration. Where stop valves areplgced
L. L. in locations that prevent ready access in an emergehcy,
4-9.2 Rressurization and Depressurization Systems they shall be provided with operators that ate contrglla-

4-9.3
The PV
shall be

.1 Pressurization and Depressurization Rates.
HO pressurization and depressurization systems
capable of providing the full range of pressuriza-
tion angl depressurization rates specified in the User’s
Design| Specification. When the pressurization gas
comes ffom a stored gas system, the pressurization rates
specifigd in the User’s Design Specification must be
maintainable at maximum PVHO pressure at all gas
storage[pressures over 50% of maximum.

4-9.2.2 Ventilation Rates. On all PVHOs designed
ation in a continuous ventilation mode, the pres-

ble from suitable accessible locations. Depressurizafion
lines, drain lines, and other lines that fiormally commu-
nicate between PVHO pressure and\otitside atmospheric
pressure shall also have a secend-valve. This secpnd
stop valve may be located eithier inside or outside of| the
PVHO.

4-9.3.2 External Pressure PVHOs. Alllines penefrat-
ing the pressure boundary of a PVHO normally subject
to external pressure'enly shall have a stop valve or clfeck
valve, as appropriate, as close as practically possible to
the penetratiéon’on the inside of the PVHO. A secpnd
stop valveshall be provided on lines that are normplly
open to\external pressure.

of mainfaining all required ventilation rates while hold-

ing depjth stable to within the range specified by the 4-9.3.3 Internal and External Pressure PVHOg.
User’s Pesign Specification. Such systems should also ~_PVHOs, which may be subject to both internal and exter-
be provided with a means of indicating the rate of flow -, (Zmal pressure, shall meet the requirements of paras. 4-9.3.1

ation gas through the PVHO.

4-9.2.3 Stored Gas Reserves. The requirements for
as reserves vary with the application fot-which
system is to be used. The designer shalliconsider

inent operational and jurisdictional require-

.2.4 Exhaust Inlet Protection.) The inlets to all
xhaust lines shall be fitted with a device that
a PVHO occupant from inadvertently blocking
ing to the line with’a part of his body or be
located|in normally ufioccupied areas, such as under
the PVHO floor. PYH®"exhaust line inlets shall also be
located [such that, where applicable, discharge of the fire
suppregsion systern will not result in water collecting
in the bottom of the PVHO being injected into the
exhaust] life:

and 4-9.3.2.

4-9.3.4 External Override. When valves are pro-
vided inside a PVHO for the purpose of permitting| the
PVHO occupants to control the pressure in the PVHO,
an external means of overriding the effect of those valves
shall be provided.

NOTE: The external override need not be on the same lings or
on lines of similar capacity. The fundamental requirement is|that
there be some means provided, in advance, for gaining acce$s to
the PVHO if the inside personnel becomes incapacitated.

4-9.3.5 Special Requirements for PVHOs Used for pat-
uration Service. For PVHOs designed to be used| for
saturation applications, all lines that are open to PVHO
pressure except pressure relief lines and pressure refer-
ence lines (e.g., all lines used for pressurization, depjres-
surization, external gas, or water conditioning systems)

shall have double valves with one stop, or check, valve
4-9.2.5 Exhaust Locations. The exhausts from the ~ inside the PVHO and the other valve outside.
depressurization system of PVHOs located inside enclo- 4-9.3.6 Flow Rate Sensitive Valves. When check

sures shall be piped to a location outside the enclosure
and at least 10 ft away from any air intake.

4-9.2.6 Noise. Noise in a PVHO may interfere with
voice communication as well as present a risk of hearing
damage if the level of noise is severe. The designer shall
consider all sources of noise in the PVHO and shall
design the system to prevent noise levels generated by
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valves or stop valves cannot be used, a flow rate sensitive
valve that closes automatically in the event of excess
flow may be used. Flow rate sensitive valves, when
used, may satisfy the second stop valve requirement of
paras. 4-9.3.1, 4-9.3.2, and 4-9.3.5.

4-9.3.7 Remotely Operated Stop Valves. Remotely
operated stop valves, whose operation is triggered upon
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uncontrolled loss of pressure, are an acceptable alterna-
tive to the flow rate sensitive valves described in
para. 4-9.3.6. Such valves may be used to satisfy the
second stop valve requirements of paras. 4-9.3.1,4-9.3.2,
and 4-9.3.5, provided individual valves may be closed
manually without triggering closure of other valves.
Remotely operated valves used in pressure boundary
applications shall also have a manual actuation capabil-

one, except for diving bells where the number of breath-
ing gas outlets shall not be less than the maximum rated
number of occupants. Each gas outlet shall have a stop
valve. Each gas outlet shall be compatible (pressure and
flow rate capacity, connection type, etc.) with the type
of breathing apparatus listed in the User’s Design Speci-
fication.

4-9.6.2 Redundancy of Breathing Gas Supply. The

ity, or a secondary means of pressurizing and/or
depjressurizing the PVHO shall be provided for use if
the[valve becomes inoperable.

4-9.4 Depth Gauges

fi-9.4.1 Quantity and Location

(#) Each internal pressure PVHO compartment in a
PVHO system shall have at least one dedicated depth
gayge (PVHO compartment pressure indicator) indicat-
ing[compartment PVHO internal pressure to the PVHO
or $ystem operator. Each compartment or PVHO in
PVHO systems other than medical monoplace PVHOs
als¢ shall have a second depth gauge that may be located
eitler inside or outside the PVHO.

(b) External pressure PVHOs and PVHOs subject to
both internal and external pressure shall have dedicated
gayges indicating both internal and external pressures
to the PVHO or system operator, and separate gauges
indicating these pressures to the PVHO occupants,
unless the occupants are also the operators, as in the
casg of a submersible.

-9.4.2 Calibration. A means shall be provided to
permit depth gauges to be checked, while in use; against
othpr system depth gauges normally accessible to the
PVHO or system operator or an external-master gauge
for Jaccuracy.

-9.4.3 Piping. The lines connecting depth gauges
to their associated PVHOs_shall not be used for any
othpr purpose. The inside.diameter of depth gauge lines
shalll not be smaller than'0712 in. (3 mm).

-9.4.4 Valve Arrangements. Valve arrangements
used with depth~gauges shall be designed so that the
prepsure source, t0O which each gauge is connected is
clegrly indicdted to the system operator.

4-9.5 Pressure Gauges Other Than Depth Gauges

pIping system shall be designed so that breatling gas
can be delivered to the breathing gas outlets.in|PVHOs
and to the divers’ breathing gas manifold inydiving bells
from at least two supply sources.

4-9.6.3 Stored Gas Reserves{ The designer shall
consider all operational and jurisdictional requitements.

4-9.6.4 Multiple Gases..{ Where gases of {lifferent
composition are connectéd to a distribution manifold
or other distribution-system, a positive means [shall be
provided to ensure-thdt leaking valves will not result in
an improper gasbeing supplied to the end use point or
result in backflow from one supply gas into the dlistribu-
tion systerm\for another supply gas.

4-9.6.5 Labeling of Breathing Gas Outlets. All
breathing gas outlets shall be labeled. Where [the gas
supplied is always known, the label shall indifate the
type of gas supplied, such as “Oxygen.” Where the gas
supplied is subject to change based on opetational
requirements, the label shall contain a generic tefm such
as “Breathing Gas.”

4-9.6.6 Separation of Breathing Gases. THis Stan-
dard recognizes that complete separation of bfeathing
gases of different types is generally not pogsible in
PVHO applications. The designer shall take all|reason-
able steps to minimize the number of locations/situa-
tions where gases of different compositions need to use
common distribution equipment and/or cpmmon
outlets.

4-9.6.7 Pressure Control Valves in Demand Breathing
Systems. Pressure control valves used in demand
breathing systems shall meet the requirements |of para.
49.7.6.

4-9.7 Pressure Control Valves

4-9.7.1 Performance Characteristics. The perform-

Attbreattinggasamnd-tifessersitive systerms sttt -be
fitted with at least one pressure gauge equipped with
a gauge isolation valve. Measures to protect gauges from
excessive vibration or sudden pressure changes shall be
taken where appropriate.

4-9.6 Breathing Gas Systems

4-9.6.1 Breathing Gas Outlets. The number of
breathing gas outlets provided in PVHOs shall be not
less than the maximum rated number of occupants plus
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ance of a pressure control valve is characterized primar-
ily by two factors, both of which shall be considered by
the designer. These factors are

(a) the rate at which the outlet pressure decreases
(from the set point) as flow demand increases. In many
designs there is a significant difference between outlet
pressure at no flow condition and the outlet pressure at
design service flow rates. In unbalanced single stage
pressure control valves, outlet pressure may also be
influenced by changes in inlet pressure. The flow effect

Not for Resale


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2007.pdf

ASME PVHO-1-2007

is usually the controlling factor in design. N = maximum number of breathing apparatus
(b) limit flow capacity. This factor is a function of to be supported at one time
upstream pressure, orifice size, downstream pressure, Q = regulator capacity at minimum design inlet
and outlet porting size. pressure, standard cubic feet per minute
RMV = maximum anticipated user respiratory

4-9.7.2 Seats. All pressure control valves used in
life sensitive systems shall employ soft seats capable of
bubble tight shutoff.

minute volume, in cubic feet per minute at

usage pressure. The minimum RMV that

may be used is 1.41 ft3/min (40 L/ mm) for
3

for a restmg d1ver or PVHO occupant

(b) Bypass Requirements

with af upstream particulate filter that meets the (1) Th trol val L it
requirefnents of para. 4-4.3.  The pressure control valves in piping circuits
supplying breathing gas to divers usingdémand bregth-

4-9.1.4 Gauges. Gauges indicating the controlled  ing apparatus in the water or in a.divihg bell shall be

pressutle shall be provided with all pressure control
valves, [and they shall be located so as to be clearly
visible fo a person adjusting the setting of the pressure
control valve.

4-9.1.5 Bypass Requirements. Except as otherwise
requiredl in para. 4-9.7.6(b), in systems where the ability
to mainfain uninterrupted service is required, all regula-
tors shdlll be provided with either a redundant regulator
of equal size or a manually operated bypass valve.

4-9.Y.6 Pressure Control Valves Used in Demand
Breathing Systems

(a) Chpacity Requirements. The peak respiratory flow
rates, Hoth inspiratory and expiratory, in a demand
breathifg system are normally 3.0 to 3.14 times the net
averagd flow as represented by the user’s respiratory
minute [volume. Therefore, the capacity of pressute-con-

either of the following;:
(a) provided with a bypass loop containing a pec-

ond pressure regulator of equal capacity and apjpro-
priate related components
(b) arranged as‘aséries of two or more presgure
control valve stations'each with a hand operated bypass,
appropriate related components, and a pressure corjtrol
valve capable{of accepting full initial supply presgure
and providing regulated outlet conditions appropiiate
for the end:use function
(2) Hand-operated bypass valves may be usedl in
systems supplying gas to PVHO mask breathing |gas
outlets provided that adequate over pressure religf is
provided.
(3) Bypass capability is not required for presgure
control valves supporting single consumers where a ser-
vice interruption is tolerable, such as for pressure corjtrol

trol valyes used to support demand type breathing-appa-  valves dedicated one to each of several mask breatl)ing
ratus shall be computed as follows: gas outlets in a PVHO.
(4) Bypass capability is not required for presgure
Q = 7 (N) (D) (RMV) (F) control valves supporting overboard dump manifplds
in PVHOs.
where
D| = maximum usage-depth in atmospheres  4-9.8 Pressure Relief Requirements
absolute .
F| = factor, to be taken as 1.0 unless data is avail- 4-9.8.1 Overpressure Relief

able to support a lower number. F = 1
assumes-all gas users inhale or exhale simul-
taneously. Consequently, as N becomes
large,”F will approach 0.5. For N = 1 or 2,
Fshall be taken as 1.0. For N > 2, F may be
reduced as warranted by testing or experi-

(a) All systems that may be subject to internal pjres-
sures in excess of their design pressure shall be provided
with overpressure relief devices capable of maintairing
system pressure not to exceed 110% of design pressjire.

(b) Systems located inside of PVHOs that are jor-
mally pressurized at less than PVHO pressure sha{ be

ence with prior designs. F may also be
reduced if it can be shown, either experi-
mentally or analytically, that sufficient vol-
ume exists between the pressure regulation
point and the usage point(s) to provide an
accumulator effect capable of providing
whatever differences may exist between the
instantaneous flow rate requirements and
the regulator capacity provided. In no case
may F be reduced below 0.5.
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C\iuil)t)cd VVit}l Lchcf dCViLCD (\.}lCL}\ VG}V TS dIT dtll pt-
able) if any of the components in the system (such as
vacuum gauges) are subject to damage if PVHO pressure
is released without a concurrent release of system
pressure.

4-9.8.2 Underpressure Relief

(a) Piping or components located inside of PVHOs
that are normally pressurized in excess of PVHO pres-
sure shall be equipped with vacuum breakers if any of
the components on the system (such as pressure gauges)
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are subject to damage if the PVHO is pressurized with-
out pressure in the system.

(b) Piping or components located inside of PVHOs
that are normally pressurized to a level less than PVHO
pressure (i.e., mask overboard dump lines, medical suc-
tion lines) shall be provided with vacuum relief valves
capable of relieving under pressures in excess of the
maximum limits established by the system designer.

4-9.9 Color Coding

4-9.9.1 Consistent Color Codes. PVHO piping sys-
tems shall employ a consistent color coding system.
Suggested guidelines are listed in Nonmandatory
Appendix C.

4-9.9.2 Owner’s Responsibility. Color code require-
ments vary substantially between the various jurisdic-
tions in which PVHQ systems mav be 11sed Tt shall be

#-9.8.3 Rupture Disks. Rupture disks shall not be
used except on gas containers.

£i-9.8.4 Division Valves. Where piping systems
opdrating at different pressures are connected, a division
valye shall be provided that shall be designed for the
higher system pressure.

-9.8.5 Pressure Reducing Valves. Relief devices
shalll be provided on the low-pressure side of the pres-
surp reducing valves, or the piping and equipment on
the|low-pressure side shall meet the requirements for
the[full system pressure.

e relief devices shall be located as close as possible
to the reducing valve. The total relieving capacity pro-
vided shall be such that the design pressure of the low
prepsure piping system will not be exceeded by more
thah 10% if the reducing valve fails open.

}i-9.8.6 Bypass Valves. Where manually operated
bypass valves are permitted around pressure control
valyes, they shall not have a maximum flow capacity
grepter than the reducing valve unless the downstream
piping is adequately protected by relief devices 6rmeets
the|design requirements of the higher system,pressure.

£-9.8.7 Stop Valves. There shall be\né stop valves
betjveen piping being protected and its protective device
or flevices, except that stop valves'may be installed
betpveen a relief valve and the¢ piping being protected
undler the following conditjons:
(#) when, in the judgment of the designer, the hazard
from a relief valve failing) open exceeds the hazard pre-
sented by the possible\concurrent occurrence of system
ovdr pressure pluséa closed stop valve

(b) when a_stop valve is provided between a relief
valye and the*associated protected piping, the valve
shalll be per the designer’s specification for the fluid
ng beéing protected, and the relief device shall be

or Section VIII, Division 2 Part AR

4-9.8.8 Exhausts From Relief Devices

(a) Exhausts from relief devices that are located inside
enclosed spaces shall be piped outside of the space if
operation of the relief device could result in over pres-
surizing the space.

(b) Exhausts from relief devices that are located inside
enclosed spaces on lines containing gases other than air
shall be ducted out of the space.
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the responsibility of the designer to specify the fequired
color coding system.

4-9.10 Labeling

4-9.10.1 Piping and Gas Storage Vessels. All piping
and gas storage bottles shall be labeled to show dontents,
direction of flow (when appropriate), and MAWP.

4-9.10.2 Critical Components. The desigrfer shall
determine all critical’'components whose functign is not
obvious from theirlocation and appearance. Th¢se com-
ponents shall be labeled as to function.

4-9.10.3. Panel-Mounted Components. All|compo-
nents thatare mounted in panels shall be labeled as to
function.

4-9.11 Soft Goods

4-9.11.1 Breathing Gas Systems. Soft goodg used in
breathing gas service shall be compatible with intended
service fluids at the anticipated maximum pressfires and
shall be compatible with all anticipated cleaniny proce-
dures.

For breathing gas systems utilizing oxygen gnriched
gases (greater than 25% oxygen), consideratign must
be given to the soft goods flammability in the|loxygen
enriched environment. ASTM G 63 and ASTM [Manual
36 provide guidance.

4-9.11.2 Other Systems. Soft goods used fn other
systems shall be compatible with the fluids coptained,
at the maximum anticipated conditions of temperature
and pressures.

4-9.12 Lubricants and Sealants

See para. 4-2.3 and ASTM G 63 and ASTM |Manual
36 regarding appropriate materials and practicps.

4-9.13.1 Oxygen and Breathing Gas Systems. The
cleaning of oxygen and breathing gas piping systems is
an essential part of PVHO piping system design and
fabrication. The following are recommended guidelines
of this Section:

(a) A written cleaning procedure with well defined
procedures, personnel responsibilities, and acceptance/
re-cleaning criteria, marking, packaging, and storage
requirements shall be developed and implemented.
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(b) Component handling procedures shall be devel-
oped and implemented so that components and systems,
once cleaned, are not recontaminated.

(c) The cleaning procedures intended to be used with
the piping system shall be considered by the designer
during the selection of all materials, especially soft
goods, and during the layout of the piping.

4-9.13.2 Components Located Inside PVHOs. Piping

(b) methane equivalent: concentration of methane in air
that will cause a total hydrocarbon analyzer to give an
indication equivalent to that obtained from the gas being
analyzed.

4-9.14.2 Procedure

(a) Off-gassing measurements shall be made only on
hoses that have not been flushed with air, gas, or water.
Both the total hydrocarbon analyzer and the hose or

compo . . . hoses to be tested shall be maintained at a tempetafure
shall al§o be cleaned on their exteriors. The exteriors of .

. . not lower than 73°F (22.8°C) throughout the\tesfing
compoijents for use inside marine systems should show

no visifle signs of oil or grease. The exteriors of compo-
nents fdr use inside PVHOs with elevated oxygen envi-
ronmenits should show no fluorescence typical of oil or
grease When examined under ultraviolet light.

4-9.13.3 Prohibited Cleaning Materials. Trichloro-
ethyleng shall not be used to clean breathing gas systems
or any fomponents to be located inside a PVHO.

NOTE: [When gas is passed through a moderately heated alkali

period.

(b) By this procedure, measurements aresmade off the
increase in the hydrocarbon concentration of a str¢gam
of air flowing through the test hosé at a flow rat¢ of
28 LPM (1 CFM). The temperatures of the test hpse,
air supply, and analyzer shall not be lower than 73°F
(22.8°C). A diagram of the.flow arrangement is shgwn
in Fig. 4-9.14. Before the aif)passes through the test hpse,
the air shall be clean and shall contain no more than

bed (sucl} as those used in most carbon dioxide scrubbers), residual 3 R
trichloro¢thylene can decompose into highly toxic dichloroacet- 1 mg/m” of hydrotarbons (methane equivalents). [The
ylene. analyzer shall belzeroed with air passing at the stjpu-
. . lated flow rateand temperature through the conneftor
4-9.14 Offgassm.g Test for Hoses Used for Breathing tubes onlysThe test hose shall then be inserted in|the

Gas Service : : : :

line andthe air stream passed through it. For the ensying
4-9.14.1 Background. Some components used in 15 mif, readings of the hydrocarbon concentration shall

the mafufacture of hoses can give off vapors that are
toxic if [inhaled. For hoses to be considered acceptable
for bredthing gas service, they must be able to pass the
off-gasding test described herein.

be‘tecorded. The test hose shall be rated on the reading
at the end of the 15 min test period. Hoses that contqmi-
nate the air by greater amounts than specified in
Table 4-9.14 shall not be acceptable.

(a) hydrocarbon: for the purposes of this test proce-
dure, alf organic compounds detectable by a totalhydro- 4-9.14.3 MIL-H-2815 provides guidance in tesfing
carbon pnalyzer. hoses.
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Figl 4-9.14 Flow Diagram of Apparatus for Measuring the Concentration of Hydrocarbons in a Stream of Air or
Other Gas After It Has Passed Through a Test Hose
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Table 4-2.1.1 Maximum Allowable Stress Values for Seamless Pipe and
Tube Materials Not Listed in Nonmandatory Appendix A of ASME B31.1

Maximum
Allowable
Temper Strength, Stress Values in
Material Specification or Grade ksi Tension, ksi
Alpha-brass British Standard 1306 e 54 10.8
Copper water tube ASTM B 88, Types K & L Drawn 36 6.0
GENERAL NOTE: 1 ksi = 1,000 psi.
Table 4-7.1 Mandatory Minimum Nondestructive
Examinations for Pressure Welds in Piping Systems for
Pressure Vessels for Human Occupancy
Type of Weld Examination Requirements
Butt welds (girth and longitudinal) Pressure boundary and lifessensitive piping

RT, all sizes

Otherwise, RT for NPS over 2 in., MT or PT
for NPS 2 in,and-less

Branch welds (intersection and nozzle); RT for NPS.6ver 4 in., MT or PT for NPS 4 in.
size indicated is branch size and less
Fillet welds, socket welds PT ar\MT for all sizes and thicknesses

GENERAL NOTES:

(@) For vent lines not subject to chamber pressure, MP or PT may be substituted for RT.

(b) All welds must be given a visual examination jn-addition to the type of specific nondestructive test
specified.

() NPS = nominal pipe size.

(d) RT = radiographic examination; MT = magnetic particle examination; PT = liquid penetrant exami-
nation.

(e) It should be noted that it is impractical to radiograph some branch connections due to angle of
intersection or configuration. If the' joint configuration precludes RT, then other NDT methods
should be substituted to eStablish the quality of the joint.

(f) Nondestructive examinations specified above do not apply to components made to standards
listed in Table 126.170f\“ASME B31.1 or Table 326.1 of B31.3.

Table 4-9.14 Maximum Allowable Concentration
of Hydrocarbons in Air Passing Through Hose

Hydrocarbon Concentration

Hose Length, ft as Methane Equivalents, mg/m3
3 4
100 100
98
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Section 5
Medical Hyperbaric Systems

his Section of the Standard provides minimum
irements for PVHO systems used specifically in
me[dical hyperbaric therapy. The PVHO shall be
dedigned, fabricated, assembled, inspected, tested, and
ified in accordance with Section 1 of this Standard.

5-112 User’s Design Specification

The user, agent on the user’s behalf, or the manufac-
br shall provide or cause to be written a User’s Design
Sp4cification in accordance with section 1-4 of this Stan-
dard. This specification shall set forth the requirements
o the intended use of the chamber and operating
conditions in such detail as to constitute an adequate
basjs for designing the system as necessary to comply
with this Standard. They shall include as a minimum,
following:

(#) rated number of occupants

(p) maximum operating pressure

(¢) pressurization/depressurization rates, ventilation
s, and the conditions under which those, ratés are
e maintained

(§) requirements affecting the amount of stored gas
resgrves

(¢) number of breathing gas outlets'and their charac-
teristics

() temperature and humidity control requirements,
if apy

(¢) fire suppression requirements

1) minimum and.maximum operating temperatures
) type(s) of bréathing gas delivery systems

) pressurization gas (air or oxygen)

k) the edition(s) of other codes and/or standards
used in thewdevelopment of the User’s Design Specifi-
catjon

5=t4—Windows

All chambers shall have at least one wirldew] in each
compartment for viewing the chamber¢interiory Mono-
place chambers shall have sufficient viSual afcess to
observe at least the patient’s head face, chest, arjd arms.

5-1.5 Quick Actuating Closures

Quick actuating closures that have the potentjal to be
opened while pressurized; such as most medical lock
outer doors, shall be.designed in accordance yvith the
requirements for ‘quick acting closures contgined in
UG-35, Other-Types of Closures, in Sectiqn VIII,
Division 1 of.the Code.

5-1.6 Personnel Entry Lock

3 ATA
on obli-
have a

Chambers intended for medical treatment a
or,less that do not normally incur a decompress
gation for the patients shall not be required tq
personnel lock.

5-1.7 Penetrations

Additional penetrations to provide for access|for sen-
sor leads, etc., shall be provided as required by the User’s
Design Specification.

5-1.8 Personnel Egress

Consideration shall be given to the size and copfigura-
tion of doorways and/or hatches for safe acdess and
egress of personnel and patients.

5-2 PVHO SYSTEM DESIGN

System design shall be such that pressurigation/
depressurization rates, gas composition limits, jontami-
nant control, ventilation, fire suppression systpm per-
formance, heating, and cooling requirementg can be
maintained in accordance with the User’s Design Speci-

5-1-3~Documrentation

(a) PVHO documentation shall be in accordance with
para. 1-7.9 of this Standard and the requirements of other
codes and standards as required.

(b) Viewport (window) documentation shall be in
accordance with Section 2 of this Standard.

(c) All documentation should be retained by the user
for the life of the PVHO. If the PVHO is transferred to
a new user, all documentation should accompany the
PVHO.
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ficatiorrandother ayphs_a'ulc codesartd-starrdards. (See
NFPA 99, Health Care Facilities, Chapter 20, Hyperbaric
Facilities for guidance.)

5-3 GAS SYSTEMS

5-3.1 Gas Storage Requirements

Storage for medical treatment systems vary in scope
and detail depending on the type of system and the
number of occupants; therefore, when establishing the
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design specifications for the gas systems, the designer
shall consider the specific requirements of the installa-
tion and Section 4 of this Standard.

5-3.2 Breathing Devices

The minimum flow rates sufficient to ensure patient
comfort and safety shall be identified in the User’s
Design Specification. (See NFPA 99, Health Care Facili-
ties, Chapter20HyperbaricFacilitiesfor-guidanee:

Supply systems for patient hoods shall have the capa-
bility offsupplying a minimum flow of oxygen of 40 LPM
at chanjber design conditions simultaneously to each
hood.

5-3.3 B

Each|PVHO treatment compartment, other than a
monoplace chamber, shall be equipped with fittings for
breéthimg mask, patient hood, or endotracheal device
corresppnding to the number of occupants.

reathing Gas Outlets

5-4 (
5-4.1 (

DNTROL SYSTEMS AND INSTRUMENTATION

ontrols Location

5-5.2.2 Monoplace Chambers. Temperature control
for the chamber area shall be considered for monoplace
chambers.

5-5.3 Humidity

A specific system for the control of humidity is not
mandatory if other methods such as ventilation or circu-

5-5.4 Contaminants
mi-
SSi-
r of

Sources of volatile, toxic, or potentially toxic.contd
nation shall be minimized to the extent practical. Pg
ble sources of contamination includeoff-gassin
nonmetallic materials.

5-5.5 Lighting

There shall be sufficient\lighting in and arour
chamber to see the patiént(s), the chamber control
sole, and chamber support equipment.

da
on-

5-5.5.1 ExternalLighting. External lighting fixtiires
shall not comé€ into contact with or be allowed to oyer-
heat the stirface of a window in accordance with

Primgry operation shall be external to the chamber. ~ Section 2 of this Standard.
If remote or automated controls are used, manual over- 5-5.5.2 Emergency Lighting. Emergency lighting
rides sHall be provided and easily accessible. shafl be provided.

5-4.2 (

Contt
vide co

ommunications

ol console or stations shall be equipped to pro-
mmunication with each compartment.

5-5 ENVIRONMENTAL SYSTEMS

5-5.1 Hnvironmental Conditions

All systems and components are-to be capable of
operatifg satisfactorily and safely.in accordance with
their specifications at the environmental conditions
stated. [The designer shall givespecific consideration to
the conffort of the patientsin'deciding whether environ-
mental fcontrol of the ‘elramber atmosphere is required
or whether ambient'conditions will suffice.

5-5.2

Patient.conmifort shall be maintained by supplemental

mperature

5-5.6 Access to Emergency Equipment

les,
up-

No permanent seat or stretcher shall block the ais
hatches, doors, medical locks, hand held hoses, fire s
pression controls, or any emergency equipment.

5-5.7 Suction Systems
All systems for use inside a chamber shall have a {rap
in-line to keep waste materials out of the piping system.
If a suction system uses pressure differential for|the
vacuum while at depth, there shall be a vacuum sotirce
for use on the surface.

5-5.8 Accidental Depressurization

bed,
nal

(a) If a sink, water supply, or drainage system is u
provisions shall be made to prevent unintentid
depressurization of the system.

(b) Any toilet that is plumbed to discharge to|the
outside of the chamber shall have a holding tank and a

heatlng Qr rnnhng as rpr}n]rpd

5-5.2.1 Multiplace Chambers. If multiplace cham-
bers are equipped with heating or cooling systems, pro-
vision shall be made to shut off the heating or cooling
system in the event of malfunction.

100

dual valve satety interlock system.

(c) Any toilet that flushes to the outside of the cham-
ber shall be designed to preclude the possibility that a
seal might be created between the seat and the person
using the toilet.
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Section 6
Diving Systems

6-1—GENERAL (g) Operating temperatures
6-111 Scope ( ﬁ) storage cor}ditions /temperatures
(i) number, size, and type of penetrators| doors,
6-1.1.1 This Section, along with Sections 1 through hatches, windows, and service locks

4 of this Standard, provide the requirements for the
desjign, fabrication, assembly, inspection, testing, certifi-
catfon, and stamping of PVHOs used in diving systems.

b-1.1.2  The scope of this Section includes but is

not|limited to the following components:

6-1
A User’s Design Specification, as described in section
1-4] of this Standéard, shall be written for the PVHO
divling system/ The Specification shall set forth the
reqpuirementsas to the intended use of the PVHO or
cox;}\dponent arid the operating and environmental condi-

12 User’s Design Specification

tions irstich detail as to constitute an adequate basis
for |designing, fabricating, inspection, and testing of the

(j) corrosion allowance
(k) environmental requirements

() special design considerations applicable td normal

Thhis includes but is not limited to and emergency service suchvas requirements for the siz-
(#) deck decompression chambers ing of the diver lock-oufhatch [i.e., the diver dfess and
(b) diving bells potential UnderwaterBreathing Apparatus (UBA) to
(¢) transfer locks be used]

(§) saturation living chambers (m) fire suppression

(¢) rescue chambers

(f) hyperbaric evacuation systems 6-1.3 Design Certification

@ d%ving subsystems/components Confofmance of the completed PVHO to the frequire-
(B) diver lockout chambers ments,of the Standard and the User’s Design Specifica-
(§) hyperbaric stretchers tion‘shall be established by the following procgdures:

(a) A competent professional engineer, registered in
one or more of the U.S. states or provinces of {Canada,

(&) doors or the equivalent in other countries, and experi¢nced in

(b) hatches the design of PVHOs, shall certify that the PYHO or

() penetrations and fittings component was designed or completely reviewed by the

() medical and service locks engineer or under the engineer’s direct supervisjon, and
. . that to the best of their knowledge, it meets the [require-

k 1 &€ q

éj gs;vcvpgﬁimng closures ments of the User’s Design Specification and domplies

(%) light transmitting devices with this Stanflard.

(h) electrical penetrators (b) Alternatively, the PVHO or component shall be

() trunks and tunnels reviewed by an authorized government agendy or an

independent classification society competent in pressure
vessels for human occupancy, and such orga
shall provide a certification that the PVHO or
nent complies with this Standard and the User’s
Specification.

hization
compo-
Design

6-1.4 Documentation

The user shall be provided with the following data
and documentation:

PVHO or component necessary to comply with this Stan-
dard. The User’s Design Specification shall include

(a) number of intended occupants

(b) maximum operating pressure/depth

(c) required pressurization and depressurization
rates, ventilation rates, and conditions under which
rates are to be maintained

(d) intended operational environment

(e) maximum number of pressure cycles

(f) maximum/minimum internal/external pressure

101

() User's Design Specification

(b) PVHO and/or PVHO component certification

(c) PVHO window certificates in accordance with
Section 2 of this Standard

(d) viewport and window drawings

(e) applicable ASME data reports and partial data
reports

(f) any classing society certifications

(g) vessel drawings necessary for the maintenance,
inspection, and repair of the PVHO
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6-1.5 Useful References

The designer should be familiar with the references
contained in Nonmandatory Appendix E.

6-2 DESIGN
6-2.1 General
PVHOs, their components, and attachments shall be

6-2.3 Environmental Requirements

Pressure vessels used in diving are exposed to condi-
tions needing special consideration. These conditions
may include

(a) weather

(b) frequent handling

(c) weight and buoyancy

(d) static/dynamic loads

design Hortheenvironmerntatcorditiornsrwiricir tt Yy
are intended to operate. For example, particular atten-
tion myst be given to the corrosive effect of salt water,
sea, airand chlorinated water as applicable.

The FVHO shall be designed, fabricated, assembled,
inspected, tested, and certified in accordance with Sec-
tion 1 of this Standard. The design should facilitate the
ability tp conduct planned maintenance and inspections.

The ¢lesign of the diving system shall incorporate
appropfiate back up systems and equipment to ensure
the safdty of both the occupants and the operating per-
sonnel In the event of any single failure.

6-2.2 Design Loads

The dlesigner shall address in the design all forces
acting ¢n the PVHO. These may include but are not
limited [to

(a) irfternal and external pressure forces

(b) dynamic loads

(c) local loads including impact, lifting force localized
reaction}s, and discontinuities

(d) 1dads due to expansion and contraction

(e) 1dads due to weight of contents, or equipment
mounting

(f) trqnsportation loads

(g) tgst loading and configurations

(h) emptrapped water loads

(i) lopds due to lifting, handling,-er mounting

(j) ldads due to external conneetions (i.e., bell or
escape [funnel clamped to a ehamber, piping connec-
tions, efc.)

(n) s¢ismic loads

The design.must consider the external forces transmit-
ted to the PVHO.

For matinie design purposes, these forces shall be at

{e) exposure to marine conditions
(f) corrosion
(g) exposure to temperature extremes

6-2.4 Corrosion

The design shall consider corrosionzallowance angl or
mitigating process based on the operating environnjent
as defined in the User’s Design'Specification. Areap of
pressure vessels subject to ¢ofrosion shall be prote¢ted
by an appropriate means:

6-2.5 External Pressure Rating

Components of PVHO pressure boundaries subjeqt to
external pressire*shall be designed in accordance with
Section 1 of\this Standard.

6-2.6 Impact Protection

The-designer shall provide protection to the presgure
hull of the PVHO and critical components (i.e., view-
ports, emergency gas supplies), which may be subject
to impact during operations and transportation. This
protection should also be designed to minimize the fisk
of fouling or entanglement.

6-2.7 Buoyancy

Should the User’s Design Specification require a posi-
tively buoyant bell, any ballast control mechanism shall
be designed to prevent accidental activation or inadyer-
tent release.

6-2.8 Occupant Requirements

6-2.8.1 All PVHOs shall have
(a) sufficient gas supply for normal and emergency
requirements
(b) an entry lock or the capability of being mated to
another PVHO as a method for access to the occupgnts
while under pressure

least 2.0 g vertical, 1.0 g transverse, and 1.0 g longitudi-
nal, unless otherwise determined, all acting simultane-
ously while the chamber is pressurized. Consideration
shall be given to inclinations as follows:

Roll, List, Pitch, Trim,
Design deg deg deg deg

Mounted on a conventional ship ~ +22.5 15 +10 +5
or construction barge
Mounted on a semisubmersible S +15 - +15

Conponents in a bell +45 +22.5

{fe—the-abilityto-moniter-and-controt-thedepth

(d) the ability to maintain a life sustaining breathable
environment

(e) the ability to monitor oxygen and carbon dioxide
levels of the breathing environment if the PVHO’s life
sustaining breathable environment is maintained by car-
bon dioxide scrubbing

6-2.8.2 The designer shall apply principles of ergo-
nomics to the arrangement of the PVHO. The recom-
mended minimum internal dimensions and volumes are

102
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(a) saturation living chambers: sized to allow occupants
to stand and lie down, move in and out of the chamber,
and permit meal services while saturated

(b) transfer lock (TUP): 105 ft* (3.0 m®) floodable
volume

(¢) diving bell (SDC)

(1) two occupants: 105 ft® (3.0 m®) floodable volume
(2) three occupants: 160 ft® (4.5 m®) floodable volume

Active suppression systems shall be tested for opera-
tion under full range of required suppression system
pressures. Extinguishing systems shall be compatible
with life support requirements of the PVHO. Carbon
dioxide and dry powder are not suitable for use as extin-
guishing agents in enclosed environments.

6-2.12 Material Toxicity (Including Paints)

(—deck-de HAFeE oH—chber (D DC):

10 P
TECOTTPHEooToT COTTPTEo5To0T

sufficient to accommodate a diver and an attendant

6-2.8.3 PVHOsintended for use as living chambers
for greater than 24 hr in other than emergency situations
shalll have or be capable of connecting to another PVHO
eqdipped with the following for the intended number
of ¢gccupants:

7)) monitor and control the oxygen level, carbon diox-
ide|level, ambient temperature, and primary life support
parpmeters

p) one bunk per occupant

) potable water

1) toilet

) shower

) medical or service lock

b) built-in breathing system (BIBS) with a breath-
gas

6-2.8.4 PVHOs shall be designed to allow access
hternal bilge/void areas for cleaning and inspection:

_~ ~ ~ —~

o

ing
toi

6-219 Lubricants and Sealants

ubricants and sealants selected for use in.PVHOs
shdll be suitable for the hyperbaric envitenment in
whjch they operate.

The designer shall address

) flammability

b) toxicity

) compatibility with bréathing gases

1) odor

) skin irritation

) compatibility-to materials

6-2L10 Fire Safety

The coristrdction of the PVHO shall be such as to
minimize hazards of smoke and fire. Systems shall be
desigiied and equipped to avoid sources of ignition and

Materials and equipment inside manned compart-
ments shall not give off noxious or toxic vaporp within
the limits of anticipated environments. Where [compli-
ance with this requirement has not beefi)démonstrated
through satisfactory service experierice, an anglysis or
testing program shall be performgd,

6-2.13 Electrical

Measures shall be taken“fo minimize any glectrical
hazards to divers and pefsonnel in the diving pystem.

6-3 PRESSURE BOUNDARY
6-3.1 Personnel'Access Doors/Hatches

The design. of doors and hatches shall

(a) b&)irt accordance with the requirem|
Section.1 of this Standard.

(b)-have a nominal diameter of at least 24 in. (4
ifatsed as a normal means of personnel ingress o

(c) be provided on each side with a means of
and closing hatches or doors (i.e., handle).

(d) be operable from both sides of the door dr hatch.

(e) besuch that reverse overpressurization of he door
does not cause catastrophic failure of the locking dog
or other similar devices if used.

(f) be such that corrosion or binding due to
shall be eliminated as far as practical.

(g) be such that opening may not take plad
the pressure is not equal on both sides.

(h) take into account dynamic movements anjd loads
on door and hatch operating and hinge mechampisms to
verify the structural adequacy and seal tolerange.

(i) provide a means for securing any hinged|door or
hatch in the fully open position.

(j) preclude unintentional operation of the
hatch when springs or mechanisms are used to
the operation.

(k) ensure that if fluids are used in door or hatfh assist
mechanisms, they are compatible with the envirpnment.

ents of
10 mm)

I egress.
bpening

friction

e when

door or
hssist in

minimize [lammable materials. Toxicity of combustion
products and flame-spread characteristics shall be con-
sidered in material selection.

6-2.11 Fire Suppression

The system designer shall address Fire Suppression.
A formal risk analysis shall be conducted to establish the
performance requirements for the system. The designer
may elect to provide a passive prevention or an active
suppression system.
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(I) have a safety interlock system if pressure acts to
open or unseat the door or hatch. The safety interlock
system shall not permit pressurization of the door or
hatch unless the door/hatch closure is fully engaged.

SDC (diving bell) lockout hatches shall be sized to
facilitate recovery of a fully dressed and unconscious
diver. Larger openings may be necessary to accommo-
date divers with emergency life support systems acti-
vated. A minimum of 28 in. (711 mm) diameter clear
opening is required.
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6-3.2 Medical/Service Locks

Medical/service locks shall

(1) be designed, fabricated, inspected, certified, and
tested in conformance to this Standard

(b) be sized for the purpose intended (i.e., passing
food, medical, emergency supplies, scrubber canisters,
diving helmets, equipment, etc.)

(c) have an external means for monitoring, venting,

6-3.6 Lighting

6-3.6.1 Light Level. Sufficient lighting shall be pro-
vided for the safe operation of the PVHO.

6-3.6.2 Lighting Devices. Interior lighting devices
shall be rated for the PVHO’s MAWP. Exterior light
transmitting devices that act as part of the PVHO pres-
sure boundary shall meet the requirements of Section 2

and eql_ahbiué pressure to i.llC conTpar trrertt 1UC;.1 g Scl- (0) 4 dlib Stdlldd[d.
viced of to atmosphere
(d) bp provided with a safety interlock to prevent 6-3.7 Service Penetrators
inadvertent opening of the door, cover, or hatch when .
the pregsure in the medical/service lock acts to open Service penetrators shall

the dodr, cover, or hatch

ne-
tra-

(a) be equipped with valves on both(sides of the ps
trator and installed as close to the RYHO hull pene

6-3.3 Qlosures tion as possible

Clamjps and closure devices used to couple PVHOs (b) have a MAWP equal to/or greater than that of{the
shall PVHO

(a) be designed, fabricated, inspected, tested, and cer- (c) shall be able to withstand maximum internal pnd
tified ir} accordance with Section 1 of this Standard external pressures
. (b) be des.igned for vessel dynamic movements and (d) be compatiblé with the intended service
include suf.f1c1.ent supports to carry the weight of the (e) be suitable<for the effects of chemical reactiors
clamps [while in the open position .

. ; . (f) be suitablé for the effects of temperature
(c) be fitted as per requirements in para. 6-3.4 where . .
(¢) be suitable for the effects of corrosion

trunks ¢r tunnels are created by use of clamps and clo- : . ) .
sures (h) have suitable protection to areas subject to imphcts

(d) b¢ provided with a positive safety interlock in dur.mg operat1F)n or tra.nsport.atlon
accordance with Section VIII of the Code (i) be accessible for inspection

(e) incorporate a manual system to allow clamp open-

ing on [failure of the primary operating system if the
primary system is a powered system

6-3.4 Trunks and Tunnels

Trunks and tunnels incorporated in or creatéd by the
- coupling of PVHOs shall

: (a) b¢designed, fabricated, inspected,tested, and cer-
" tified ir] accordance with Section lrof-this Standard

~ (b) hlave a minimum internal diameter of 24 in.

6-3.8 Electrical Penetrators

Electrical service and instrumentation penetra
shall

(a) be designed for the service intended

(b) be constructed from materials suitable for the
vice intended including the effects of corrosion

(c) have a design pressure and temperature ra
that is equal to or greater than the PVHO MAWP

ors

ser-

ing
hnd

(610 mi) temperature

" (c) hgve an external medns for monitoring, venting, (d) be gas/water tight even in the event of damfage
and eqyalizing pressureswhen connected to an adjacent  to the connecting cable
comparfment or atmospheric pressure (e) be designed for both internal and external presgure

(d) ptovide hand and/or footholds in trunks or tun-  when used in PVHOs that are rated for internal pnd
nels exd¢eeding 36 'in. (914 mm) in length external pressure (i.e., diving bell)
6-3.5 Viewports p Fiber Optic P

All viewports shall meet the requirements of Section 2 3.9 Fiber Optic Penetrators

of this Standard. Viewports shall be provided with pro-
tection suitable for the use intended.

104

Fiber optic penetrators must meet the mechanical cri-
teria as described for electrical penetrators.
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Section 7
Submersibles

+

7-1.1 Scope

is Section and Section 1 of this Standard provides
the|requirements for the design, assembly, inspection,
tesing, and certification of PVHOs used in manned
submersibles including tourist submersibles. For diver

() T arid eI onpoard. personnel
(g) maximum mission time
(h) maximum lifting weight
(i) payload

(j) maximum towing speed

(k) normal, reserve, and emergency power cdpacities

lockout chambers see Section 6. (I) normal, reserve, and emergency life suppoft capac-
ities
7-1L2 General Requirements
he PVHO shall be designed, fabricated, assembled, 7-1.4 Design Certification
inspected, tested, and certified in accordance with this Conformance of\the completed PVHO to the frequire-
Section and Section 1 of this Standard. ments of this Section of the Standard and th¢ User’s

-1.2.1 Single Failure. The basic requirement for a
submersible craft design is that, in the event of any
single failure, the craft can return to the surface without
external assistance. Appropriate backup systems and
ipment shall be incorporated to meet this general
dedign requirement.

-1.2.2 Operating Conditions. The submersible
shalll be designed for and be capable of operating in'the
seryice conditions and temperature ranges envisaged
both on the surface and under water.

e design criteria provided herein appliés to sub-
mefsibles operating in waters with a seabed depth not
grepter than the craft’s rated depth. Consideration may
be given for operations in areas with a greater seabed
depth on the basis of safety evaltiations demonstrating
the[adequacy of provisions,and7or procedures.

7-1{3 User’s Design Specification

he user, agent on'his/her behalf, designer, or the
mapufacturer shall*provide or cause to be written a
Usgr’s Design Specification. This specification shall set
forth the requirements as to the intended use of the
suhmersibleand operating and environmental condi-
tions in-stich detail as to constitute an adequate basis
for [designing, fabricating, inspecting, and testing the

Design Specification shall be established by orje of the
following procedures:

(a) Professional Engineer Certification. A Professional
Enginger, registered in one or more of the U.9. states,
the provinces of Canada, or the equivalent in othpr coun-
tries, and experienced in the design of submarinjes, shall
certify that the PVHO was designed either by| him or
under his supervision, or that he has thoroughly
reviewed a design prepared by others, and that to the
best of his knowledge, within the User’s Design|Specifi-
cation, the PVHO design complies with this Sqction of
the Standard.

(b) Independent Third Party Certification. Thg PVHO
shall be reviewed by an independent Classification Soci-
ety competent in pressure vessels for human occipancy,’
and such organization shall provide a certificat{on that,
within the User’s Design Specification, the PVH() design
complies with this Section of the Standard.

7-1.5 Documentation

e User’s
nd sup-
equired
ificates)

The manufacturer shall retain a copy of th
Design Specification, the Design Certification, 4
porting data (test data, material test reports, as 1
by the User’s Design Specification, window cert
for at least 5 years.

system as necessary to comply with this Standard. The
User’s Design Specification shall include, as a minimum,
the following;:

(a) maximum operating depth

(b) maximum operating sea state

(c) maximum operating current

(d) normal and maximum speed while surfaced and
submerged

(e) minimum and maximum allowable operating
temperatures (internal and external)

105

A Copy of the following shall be provided to the user:

(a) User’s Design Specification

(b) window certificates

(c) any Classification Society certifications

(d) vessel drawings necessary for the maintenance,
inspection, and repair of the PVHO

(e) operations manual

! systems and manned submersibles
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7-1.6 Operations Manual

An operations manual describing normal and emer-
gency operational procedures is to be provided. In addi-
tion to items listed in para. 7-1.3, the manual shall
include

(a) systems description

(b) operational check-off lists (list is to include equip-
ment requiring operational status verification or inspec-

tion pri S € considered when determining the number, gize,
(c) sppecial restrictions based on uniqueness of the  and location of access hatches:

design find operating conditions
(d) life support systems descriptions including capac-
ities
(e) elpctrical system description
(f) ballast system description
(g) fire suppression system description
(h) lgunch and recovery operation procedures
(i) ngrmal and emergency communications proce-
dures
(j) emergency rescue plan
(k) emergency procedures for situations including,
but not|limited to
(1) [power failure
(2) [break in umbilical cord (if applicable)
(3)| deballasting /jettisoning
(4)|loss of communications
(5)[life support system malfunction
(6)[fire
(7) |entanglement
(8)|high hydrogen level (if applicable)
(9)|high oxygen level
(10) high carbon dioxide (CO,) level
(11} internal and external oxygen leaks
(12) stranded on the bottom
(13) minor flooding
(14) specific emergency conditions (characteristic
of spectal types of systems)
(15) loss of propulsion
(16) deteriorated surface conditions during a dive

7-2 PRESSURE_BOUNDARY
7-2.1 General

The pressure boundary of submersibles built to this
Section| of the Standard shall be designed and con-

requirement, such testing shall be 1.25 times the design
pressure. The designer is cautioned that specific design
requirements may be driven by depth, service, and envi-
ronment. It is the designer’s responsibility to provide a
safe design.

7-2.2 Hatches

7-2.2.1 Number, Size, and Location. The following

(a) evacuation of crew and passengers in‘\an emer-
gency situation
(b) risks such as fire, smoke, stability-of the craft, pnd
possible down flooding due to advetse-sea state
The number of hatches shall not*be unnecessajily
increased beyond the safe minimum as determinedl in
(a) and (b) above.

7-2.2.2 Opening, Cldsing, and Securing. Opering
and closing of hatches shall be possible by a single per-
son, in all anticipated* operating conditions.
Provisions shall be made for opening/closing hat¢hes
from both sides:
Two means, one of which should be visual, shal| be
available to ensure that hatches are closed and sectred
prioro diving.
Hatches shall have a means for securing them in|the
open and closed position.

7-2.2.3 Equalization. Means shall be availabl¢ to
ensure that pressures on either side of the hatch|are
equalized prior to opening.

7-2.3 Viewports

Viewports shall comply with Section 2 of this
Standard.

7-2.4 Penetrators

7-2.4.1 Mechanical Penetrators. Mechanical pgne-
trators shall be designed such that in the event of failire,
the penetrator remains intact and does not allow leaKage
into the pressure hull.

7-2.4.2 Hull Shut-Off Valves. Any piping systems
penetrating the pressure hull shall be equipped with a
valve that can be operated manually. These valves shall

structed in accordance with Section 1 of this Standard.
Other recognized industry standards for the design, con-
struction, and testing of manned submersibles that have
been validated through testing and service and that are
suitable for the intended service and acceptable to the
jurisdiction may also be used where Section 1 of this
Standard does not address industry-specific issues for
the design of submersibles.

Testing of the PVHO shall be in accordance with the
recognized engineering methods used. As a minimum
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be-mounted r*”ror*ﬂy on-the inner side of the hull o on

short and strong stub pieces (capable of withstanding
anticipated mechanical and pressure loads) fitted
between the valve and hull.

7-2.4.3 Electrical Penetrators. Samples of penetrat-
ing devices conveying electricity through pressure
boundaries shall be tested as indicated below, in the
listed sequence of tests. Where applicable, penetrators
are to be tested assembled with a length of cable of the
type that will be used in the installation. The cable and
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penetrator assemblies are to show no sign of deficiency
during or after the test.

(a) voltage testby separately applying 1 kV plus twice
the design voltage for 1 min across each conductor and
armor separately under the most unfavorable environ-
mental condition they will be subjected to during
service.

(b) hydrostatic test to a pressure of 1.5 times the
design-pressure repeated six-times 2ssureisto
be gpplied to the side that will be under pressure in the
actfial application and is to be maintained for 20 min
aftdr the last cycle.

(¢) gas leakage test with cable cut open using air to
twike the design pressure or helium to 1.5 times the
dedign pressure.

(f) insulation test to 5 MO at design pressure
applying salt water. Tests are to be made between each
conjductor and armor.

Hlectrical conductors within the penetrating device
shalll be of solid material.

1-2.4.4 Electrical Penetrators. The positive and neg-
atiye conductors from a power source are not to pass
through the same penetrating device unless

(§) it can be shown that there is little risk of short
cirquiting or tracking between conductors

(b) the voltages and currents are of such an order
that, in the event of failure in any way of the conductor
inspilation, the integrity of the penetrating device’s water,
blofk is maintained

Hlectrical penetrating devices shall not have any_pipes
or ¢pther system passing through them. Differdent types
of genetrating devices passing through a common plate
are|acceptable.

7-3 PIPING
7-3.1 Exceptions and Altefnatives

7-3.1.1 Relieving Devices. In lieu of section 1-8,
General Requirements, for PVHOs not internally pres-
surjzed, the following shall apply:

(@) A pressurerelieving device shall be used to ensure
the|internalpressure does not exceed that specified by
the|designer.

(b) Ashutoff valve shall be installed upstream of the
preksiire relieving device and shall be accessible to the

(b) conditions affecting the requirements for and
amounts of stored gas reserves

7-3.1.3 Marking. Compliance with para. 4-2.4.4 is
required with the exception that the hoses do not have
to be tagged or marked with the test pressure or test
dates. Hose assemblies shall be tested in accordance
with para. 4-2.4.6. Hose testing must be documented.

Systems, fittings, and equipment subject™to [internal
or external pressures or a combination ef\both, [shall be
designed for the worst combination(s).of the abdve (e.g.,
external oxygen systems).

7-3.3 Ambient Pressure

Systems, piping, and equipment exposed to pmbient
sea pressure shall be suitable for the intended| service
and capable of withstanding all anticipated pressure
differentials.

7-3.4 Inaccessible Spaces

Piping passing through spaces inaccessible f¢r main-
tenance'shall be of continuous pipe.

7-3:5” Hull Valves

For piping systems penetrating the occupied pressure
hull and open to the sea, a non-return valve or [shut-off
valve shall be provided in addition to that proyided in
accordance with para. 7-2.4.2.

7-3.6 Plug Valves

Plug valves shall not be used.

7-3.7 Pressure Containers

The volume of a single internal gas source ghall be
limited in such a way that complete release of its ¢ontents
will not increase the pressure beyond the safe |imit for
the craft and its occupants.

Cylinders and pressure vessels mounted externally,
which may be depleted while at depth, shall be designed
to withstand external pressures equal to the design
depth of the submersible.

7-4 ELECTRICAL SYSTEMS

attendant/pilot monitoring the operation of the PVHO.
(c) Rupture disks shall not be used.

7-3.1.2 User’s Design Specification. In lieu of
para. 4-1.2, Piping, the following information shall be
documented on the system assembly drawing, in the
operations manual, and/or on the User’s Design Specifi-
cation:

(a) the system maximum allowable working pressure
(MAWP)

7-4.1Gemnerat

All power sources and electrical equipment shall be
designed for the environment in which they will operate
to minimize the risk of fire, explosion, electrical shock,
and emission of toxic gases to personnel and passengers,
and galvanic action of the submersible.

The designer shall consider pressure and pressure
cycling, humidity, moisture, temperature, oxygen con-
centration, hydrogen concentration, and cable combusti-
bility.
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7-4.2 Power Supplies

7-4.2.1 General. The submersible shall have a sepa-
rate main and an onboard emergency source of electrical
power.

7-4.2.2 Main Power. The main source of electrical
power shall have a reserve capacity beyond the normal
mission time to supply, where and as appropriate, the
followine—systems—for-a—pet Hne-eonsistent-with
to rescue the submarine from its rated depth.
The peffiod of time shall in no case be less than 24 hr.

(a) emnergency lighting

(b) cgmmunication equipment

(c) life support systems
(d) e{lvironmental monitoring equipment

(e) egsential control systems
(f) other equipment necessary to sustain life

7-4.2.3 Emergency Power. The emergency source
of electfical power shall be located so as to ensure its
functiofing in the event of fire or other casualty causing
failure fo the main electrical power source.

The ¢nboard emergency source of electrical power
shall hdve the capacity to supply the systems listed in
paras. 7}4.2.2(a), (b), (d), (e), and (f), plus the emergency
life support system, if electrically supplied, for 150% of
the tim¢ normally required to reach the surface or 1 hr,
whicheyer is greater, unless otherwise approved on the
basis of special operating conditions.

7-4.3 Blectrical Cables

7-4.3.1 Protection. Power cables shall have short
circuit and overload protection. The device“eonnected
to power cables passing through a pressuré boundary
shall hgve response characteristics that ensure water-
tight integrity of the electrical penetrators. Protection
devices| located in the battery (compartment shall not
providg an ignition source for the hydrogen gas.

7-4.8.2 Main and Emergency Cables. Cables and
wiring lof circuits supplied by different voltages and
by main and emergency circuits are to be effectively
separated froms€ach other.

7-4.3.3 Positive and Negative Conductors. Both pos-
itive anfd fregative conductors from a power sources are

7-4.3.6 Insulation Material. Materials for uncom-
pensated cable and wiring insulation subjected to exter-
nal pressure are to be able to withstand a hydrostatic
pressure of 1.5 times the design pressure of the submers-
ible. Submerged cable assemblies are to be tested by the
continuous application of an alternating current voltage
of at least 500 V for one minute. This is to be performed
with the jacket exposed to seawater. The quality of the
a i ] eakage cu will
neither prevent proper operation of the systems |nor
expose personnel to unsafe voltages.

D Q_DE 1 Nd ne KAge el

7-4.4 Battery Compartments

7-4.4.1 Sources of Ignition. Design or procedpiral
precautions shall be taken to eliminate all potential
sources of ignition within battefy compartments.

7-4.4.2 Hydrogen Levels. <, Design features shal| be
in place to avoid the pgotential hazards arising ffom
hydrogen accumulatiot:
For batteries located within the occupied presqure
boundary, hydregeri'gas concentrations shall be mpni-
tored and maintained at a level below the lower explo-
sive limit.

7-4.5 Emergency Lighting

Internal emergency lighting that is switched on afito-
matically if the main power supply fails shal] be
ihstalled.

7-5 LIFE SUPPORT

7-5.1 General

The submersible shall be provided with systems and
equipment necessary to ensure adequate life support
services during normal and emergency conditions.

A separate main and an on-board emergency life-
support system shall be provided for maintaining|the
oxygen content of the breathing gas between 18% pnd
23% by volume and the concentration of carbon dioxide
(CO,) below 0.5% by volume under normal conditjons
and 1.5% by volume under emergency conditions.

7-5.2 Main Life Support

The main life-support system shall have sufficjent
capacity for the design mission time plus a periodl of

not to pass througn tne same penetrator or Connection
in a pressure boundary and are to be spaced sufficiently
to prevent damaging currents.

7-4.3.4 Pressure Boundary. The pressure boundary
shall not be used as a current carrying conductor.

7-4.3.5 Grounding. All electrical power distribution
systems are to be ungrounded and insulated to minimize
the occurrence of faults and stray currents that may
create galvanic corrosion.

time consistent with the plan to rescue the submarine
from its rated depth. This period of time shall in no
case be less than 24 hr and shall be consistent with the
requirements of para. 7-4.2.2.

7-5.3 Emergency Life Support

The capacity of the on-board emergency life support
system is to be sufficient for 150% of the time normally
required to reach the surface or 1 hr, whichever is greater,
unless otherwise approved on the basis of special
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operating conditions, and shall be consistent with the
requirements of para. 7-4.2.3.

(a) Emergency breathing gas is to be supplied through
full-face masks, oral-nasal masks, self-contained
rebreathers or by other means suitable for supporting
life in a contaminated environment, including the
byproducts of an onboard fire. One mask per person
shall be provided.

(1 2 2
perjdent of any surface support systems and indepen-
dent of the main life support systems.

(f) Where open circuit systems are used, the effects
of increased compartment pressure shall be considered.

7-5.4 Consumption Rates

Hor calculating the required capacities of main and
emprgency life-support systems, the consumption of
oxyjgen shall be at a rate of 1 ft* (28.3 L) per hour per
perpon and a carbon dioxide (CO,) production rate of
0.115 1b (0.0523 kg)/hr per person, at one atmosphere.

7-5.5 Oxygen Systems and Storage

(#) When oxygen storage containers are located inside
the|pressure hull, the volume of a single container shall
be Jimited such that the release of its contents shall not
incfease the pressure in the occupied PVHO by more
thah 1 atm or raise the oxygen level above 25% by vol-
ume. The designer, as may be required by other con-
strdints, shall limit the allowable pressure increase.

(b) When oxygen storage containers are stored out-
sid¢ the pressure hull, they shall be arranged irnt‘at least
twa@ banks with separate penetrations entering the sub-
mefsible. The pressure containers shall be designed for
an ¢xternal pressure differential of not less'than the rated
depjth of the submersible.

(¢) In view of the hazards a$sociated with oxygen
sysfems, consideration shall be.given to the selection of
materials, equipment, installation, cleaning, and testing
procedures.

7-5.6 Monitoring

(apability shdll be available to the pilot for monitoring
oxygen (O,) Jévels, carbon dioxide (CO,) concentrations,
humnidity,\témperature, and pressure of all occupied
spalces,

éans shall be provided, and/or operational proce-

7-6.2 Toxicity

Toxicity of burning materials and low flame-spread
characteristics shall be taken into consideration.

7-6.3 Smoke Detectors

The designer shall consider the size of the submers-
ible, usage of unoccupied spaces, and the ability of occu-
pants to detect fire/smoke, in advance of an on-board
detector—in—determiningtheloecation—and—guantity of
smoke detectors.

7-6.4 Extinguishers

All submersibles shall be equipped. with a [suitable
means of fire extinguishing. This may consist of § perma-
nently installed system and/oi\portable extinguishers.
The design of the system and selection of the extinguish-
ing medium shall consider*type and locatior} of fire
anticipated, hazards to luman health, and the dffects of
increased pressure.Earbon dioxide and seawpter are
considered unsuitaple.

7-7 NAVIGATION
7-7.1 General

Submersible craft shall be provided with navigational
equipment to enable safe operations under al] design
conditions. Equipment shall include, but not [be lim-
ited to,

(a) directional indicator

(b) depth indicator

(c) depth sounder

(d) clock

(e) trim and heel indicator

(f) underwater location device

7-7.2 Propulsion

Submersibles equipped with propulsion systems shall
be provided with adequate controls and indidators to
enable safe operation under all design conditigns.

7-7.3 Depth Gages

Two independent instruments for registration of
depth are to be provided. At least one of thes¢ instru-
ments is to be a pressure gauge capable of funftioning
in an emergency situation. If both are pressure|gauges,
they shall not have a common inlet.

dures mplemented, tO Nnotity oI a malruncton oI the

. life-support systems.

7-6 FIRE PROTECTION
7-6.1 Materials

The construction of the submersible shall minimize
hazards of smoke and fire. All materials and equipment
within the craft shall be nonflammable within the range
of oxygen (O,) levels envisaged.

7-7.4 Depth Alarm

Submersibles operating in water where the seabed
depth is greater than the rated depth of the submersible
shall have a depth alarm set at no greater than the rated
depth of the craft.

7-7.5 Obstacle Avoidance

Operational procedures and/or onboard equipment
shall be used to provide adequate means of avoiding
obstacles under all anticipated operational conditions.
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7-7.6 Surfaced Detection

Means are to be provided to render the submersible,
while on the surface, readily visible to other vessels.
7-7.7 Submerged Detection

Means are to be provided to indicate the submersible’s
location while submerged.
Where a releasable location system is used, the release

. The size of the float and length of line shall
be such that expected current action on the line does
not preyent the float from coming to the surface.

7-8 CDMMUNICATIONS

7-8.1 General

Each pubmersible shall be fitted with such equipment
as is nedessary for the crew to communicate with person-
nel at tHe support facility when on the surface and when
submerged.

7-8.2 VHF Radio

Each submersible shall be equipped with at least one
two-chgnnel transmitter/receiver, one of the channels
of which must operate on safety channel 16-VHEF, while
the othqr is used as a “working channel” for communica-
tion befween the submersible craft and its support
facility.

7-8.3 Underwater Telephone (UWT)

Each submersible shall be equipped with atleast one
dual chainnel underwater telephone system. This system
shall enable two-way communications to-be maintained
with th¢ support facility.

7-8.4 Ringer

In addition to the requitements of para. 7-7.7, each
submerpible shall be fitted with an acoustic underwater
pinger, fFompatible withrequipment available for execut-
ing an finderwater-search and rescue. The pinger shall
remain foperatigrfal in the event of loss of main power.

7-9 INSTRUMENTATION

1-2007

7-9.3 Power Levels

Visual indications of available power (fuel, electrical,

etc.) shall be provided.
7-9.4 Voltage and Current Meters

Voltage of, and current from, each electrical sourc
power shall be provided.

e of

A ground/earth fault monitoring system shall'be |
vided.

7-9.6 Ballast Water

Where water ballast systems are used; a visual disj
showing the quantities of ballast-water onboard s
be provided.

7-10 BUOYANCY, STABILITY, EMERGENCY ASCE
AND ENTANGLEMENT

7-10.1 General

Submersibles shall be able to ascend/descend i
safe and centrolled manner throughout the craft’s d¢
of operations.

Submersibles shall be able to maintain an accept
stability and trim during ascent, descent, while s
merged, and on the surface. Acceptable stability
trim shall be maintained during transit from a s
merged to a surfaced condition, and vice versa.
submersible craft shall be capable of remaining on
surface with the hatch(s) open during all anticipg
design environmental and operating conditions with
down flooding.

The arrangements for blowing ballast tanks shal
such that overpressurization is not possible.

7-10.2 Underwater Operation

The submarine must, under all conditions of load
and ballast, remain stable and in the upright condi
with the center of gravity remaining below the ce
of buoyancy. The distance between the center of gra
and the center of buoyancy (GB), under all nor
operating conditions, is to be the greater of 1.5
(38 mm) or as determined by the following:

Pro-
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7-9.1 General

The pilot shall be able to monitor the conditions affect-
ing the safety of the submersible craft and its occupants.

7-9.2 Water Intrusion

An audio alarm indicating water leakage into the main
pressure hull, battery pods, and other compartments, as
may be deemed necessary, shall be incorporated in the
design.

d = the interior distance in inches (millimeters)
within the main cabin accessible to onboard

personnel

N = total number of persons onboard the submarine
n = 0.1 (10% of the people aboard moving simulta-

neously)
W = the total weight in pounds (kilograms) of
fully loaded submarine.
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= 175 1b (79.5 kg) per person
25 deg or less if required by other design fea-
tures including battery spillage or malfunction

of essential equipment.

7-10.3 Surfacing

(a) A pilot-operated means that is independent of the
]ettlson system requlred in para 7-10.4 shall be provided

) The submersible shall be equipped with at least
p lifting points to which attachments may be secured
to faise the vehicle to the surface in an emergency. The
lugp and their connection to the vehicle structure shall
be Hesigned taking into account loads generated by
forges of 2 g vertical (1 g static plus 1 g dynamic), 1 g
trafpsversal, and 1 g longitudinal acting simultaneously
undler the most severe condition. Or, the submersible
craft shall be provided with means of externally bringing
the[craft to the surface, in all anticipated operating and
emergency conditions, without assistance from person-
nellinside of the submersible.

7-1

(
jett

0.4 Jettisoning System

1) Submersibles shall be provided with a means to
son sufficient mass such that if the largest single
flogdable volume, other than personnel compartments,
is flooded, an ascent rate approximating the normal
ascent rate can be achieved. The jettisoned mass niay
consist of a drop weight, appendages subject to entangle-
meht, or a combination of both. Alternatively, the pas-
er compartment may be provided with(@means of
rating it from all other parts of the system, including

ted to, thrusters, manipulators, cameras, and pan
tilt systems.

(c) Jettison systems shall require at least two positive
manual actions and shall be independent of electric
power.

(d) Submersibles shall have stability under any com-
bination of jettisoned masses to provide safe recovery
of personnel.

7-10.5 Entanglement

sidered
in the de51gn of submer51ble craft De51gn featur s, oper-
ational, and emergency procedures, and/or njeans of
jettisoning may be necessary.

7-11 EMERGENCY EQUIPMENT
7-11.1 Life Jackets

Life jackets shall be proyvided for, and accesfible to,
each person on the submersible. Personnel shall be able
to disembark with.a’donned life jacket. Inflataple type
life jackets should be considered to facilitate dipembar-
kation.

7-11.2 First Aid Kit

Subimersibles shall be provided with a first
apptoepriate for the environment and intended

aid kit
needs.
7-11.3 Thermal Protection

Submersibles operating in cold waters ghall be
equipped with sufficient emergency thermal prptection
for all occupants in consideration of the durption of
onboard life support systems.

7-11.4 Rations

Sufficient food and water rations shall be provided
for each person onboard as may be required for normal
and emergency operations.

7-11.5 Tow Point

An accessible towing point shall be provided.
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MANDATORY APPENDIX |
REFERENCE CODES, STANDARDS, AND SPECIFICATIONS

Qodes, standards, arcd specifications incorporated i
thid Standard by reference, and the names and addresses
of the sponsoring organizations, are shown below. The
mopt current edition, including addenda, of referenced
codes, standards, and specifications, is to be used.

ANSI/FCI 70-2, American National Standard for
{Jontrol Valve Seat Leakage

Pubplisher: Fluid Controls Institute (FCI), 1300 Summer
Avenue, Cleveland, OH 44115

ASME Boiler and Pressure Vessel Code

ASME B1.20.1, Pipe Threads, General Purpose (Inch)
ASME B31.1, Power Piping

ASME B36.10M, Welded and Seamless Wrought Steel
Hipe

ASME B36.19M, Stainless Steel Pipe

Publisher: The American Society of Mechanical
ngineers (ASME), Three Park Avenue, New York,
Y 10016-5990; Order Department: 22 Law Drive, Box
B00, Fairfield, NJ 07007-2300

N 7

ASTM B 88, Specification for Seamless CoppercWater
be
AS['M B 154, Method of Mercurous Nitrdte Test for
opper and Copper Alloys
ASTM D 256, Test Methods for Impact Resistance of
lastics and Electrical InsulatingsMaterials
ASTM D 542, Test Methods for Index of Refraction of
ansparent Organic Plastics
ASIM D 570, Test Method-for Water Absorption of
lastics
ASIFM D 638, Test Method for Tensile Properties of
lastics
ASTM D 648, Test Method for Deflection Temperature
Plastics Under Flexural Load
ASTM D_695/ Test Method for Compressive Properties
Rigig Plastics
ASIM'™D 696, Test Method for Coefficient of Linear

ASTME 208, Method forConducting Drop-weight Test
to Determine Nil-Ductility Transition Temperature of
Ferritic Steels

ASTM E 308, Method for Computing the Colors of
Objects by Using the CIE System.

ASTM G 63, Standard Guide for, Evaluating Nonmetallic
Materials for Oxygen Service

ASTM G 88, Standard Guide for Designing Systems for
Oxygen Service

ASTM Manual 36, Safe Use of Oxygen and [Oxygen
Systems: Guidelinies for Oxygen System Pesign,
Materials Selection, Operations, Storage, and
Transportdtion

Publisher:\American Society for Testing and Materials
(ASTM), 100 Barr Harbor Drive, West Conshdhocken,
PA j19428-2959

CGA G-4.4, Oxygen Pipeline Systems

Publisher: Compressed Gas Association (CG4\), 4221
Walney Road, Chantilly, VA 20151-2923

ISO 9001, Quality Management
Requirements

ISO 13485, Medical Devices — Quality Management
Systems — Requirements for Regulatory Purposes

Systgms —

Publisher: International Organization for Standlardiza-
tion (ISO), ISO Central Secretariat, 1, ch. de|la Voie-
Creuse, Case Postale 56, CH-1211, Genfeve 20,
Switzerland /Suisse

NASA Technical Manual TMX 64711, Compatipility of
Materials with Liquid Oxygen, October 1, 1972

Publisher: Marshall Space Flight Center, Buildihg 4200,
Room 120, MSFC, Huntsville, AL 35812

Naval Ships” Technical Manual NAVSEA S9(86-H?7-

Thermal Expansion of Plastics

ASTM D 732, Test Method for Shear Strength of Plastics
by Punch Tool

ASTM D 785, Test Method for Rockwell Hardness of
Plastics and Electrical Insulating Materials

ASTM D 790, Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical
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MANDATORY APPENDIX II
DEFINITIONS

acrylic: methyl methacrylate polymer possessing physi-
cal |land mechanical properties shown in Tables 2-3.4-1
and 2-3.4-2 of this Standard.

ballpst tank: a compartment/tank used to control the
bugyancy of a submersible PVHO.

braged fitting (tube): any tube or pipe fitting that is
attgched to the pipe or tube by means of a brazing
progess.

breqthing device: the appliance used to deliver a breathing
gas|{to a PVHO occupant. The gas may be different from
the|chamber atmosphere.

breqthing gas: any gas intended for use as a respirable gas.

bregthing gas service: any line that carries gas that is
intgnded for use as a respirable environmental gas in
an pccupied space or is intended for use in some type
of Breathing apparatus is considered to be in breathing
gas| service.

breqthing gas system: any system that is used to handle
gas| (including air) intended for human respiratien. All
oxyjgen systems are considered breathing gds'systems.

chajnber: a pressure vessel intended for, occupancy by
humnans.

chafnber system: one or more chambers intended to func-
tion as an operational unit.

chif: a small fracture flaw_in the window surface (most
typjically, the result of impact with a hard object).

devlicés, fittings, etc.

3 ratio of
short-term critical pressure to design pressure fof a given
temperature.

crack (window): a discontinuity in theracrylic inflicating
local failure of the acrylic window{ A’crack is character-
ized by its length and depth.

crazing (window): a haze ori the surface of the window
made up of a multitudelof very fine, hair-like [straight
or randomly oriented ‘cracks that become clearly visible
if illuminated at an.angle by a bright light. Crazing is an
indication of surface degradation that may be thermally,
mechanically, radiation, or chemically induced

critical defisity of population: number of significant inclu-
sions_or'scratches per specified contiguous areg or vol-
ume ‘of window that cannot be exceeded in a finished
window.

eritical dimension (window): the maximum dimepsion of
discontinuity on the surface or in the body of af acrylic
window. For inclusions, it is the effective diameter,
whereas for scratches, it is the depth.

critical locations (window): locations on the sufface or
interior of the window where no discontinuities or arti-
facts are permitted.

critical pressure (window): pressure that, acting| on one
side of the window, causes it to lose structural integrity.

critical size of population (window): total number ¢f inclu-
sions or total length of scratches with significan{ dimen-
sions that cannot be exceeded in a finished window.

critical spacing (window): the minimum allowable|spacing
between peripheries of inclusion or scratches with sig-
nificant dimensions in a finished window.

custom casting (window): a casting of any shap¢ that is
not carried as a standard production item.

compression fitting (tube): any tube fitting that grips the
tube by means of one or more ferrules that compress or
swage the end of the tube without creating a definite
notch in the tube wall.

conical frustum window: a flat, circular window geometry
with a conic section bearing edge.

contamination (window): a noticeable local discoloration
or opaqueness without well-defined boundaries on the
surface, or body of the acrylic window.

cyclic design life (window): the number of pressure cycles
that a window is projected to withstand without cata-
strophic failure when pressure cycled, at 4 hr per cycle,
to design pressure at design temperature.

cyclic proof pressure (CPP) (window): the pressure that a
window must withstand without cracking under inter-
mittent pressurization.

cylindrical window: a window consisting of a tube with
circular cross section.
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deck decompression chamber: a PVHO used for operational
recompression, barotrauma treatment, and decompres-
sion of divers.

design cycle (windows): the design cycle is used as the
basis for the development of the conversion factors used
herein. For the purpose of this Standard, it is a pressure
excursion at design temperature to the design pressure
and returning to ambient. Pressure is held for 4 hr at

gas chromatography/mass spectrometry (GC/MS): method
of identifying and quantifying volatile hydrocarbons
using a combination of gas chromatography and mass
spectrometry.

gas container: a pressure vessel for the storage and trans-
port of gasses under pressure.

gouge (window): a wide, V-shaped, crack-free discontinu-
ity in the window surface resulting from the movement

both th

design d
ible PV

design Iffe (windows): the period of time and/or number
of design cycles assumed for a window complying with
this Stapndard. The window design life may be different
for diffgrent types of windows. The design life has three
aspects]total time under pressure, cyclic design life, total
chronolpgical time from the date of initial manufacture.

1 - 1 1
E L,ltfblgll dlll dIITDICIIU Plebbultfb.

ppth: the maximum depth to which the submers-
HO is designed to operate.

of a rough, hard object across the surface of the window.
The depth of the gouge is typically less than oryequal
to the width of the discontinuity.

harmful chemicals (window): liquid, solid, or ‘gaseous gub-
stances that upon contact with surfages of stressed
acrylic windows initiate crazing (e:gy, alcohols, acetpne,
ether, methyl ethyl ketone, adhesive tapes, etc.).

helium service: any portion of\d piping system that may
contain gases containing-helitim shall be considered to

design gualification (window): an experimental procedure  be in helium service.

for verifying the conformance of a nonstandard window hemispherical window: a geometry that depicls a
design [to mandatory structural requirements of this half-spherical window .shape

Standa '

design
tures f

mperature: maximum and minimum tempera-
which a pressure component is designed.

ding (window): a crater-like, shallow, crack-free indenta-
tion in the window surface resulting from impact. The
depth of the indentation is typically less than the diame-
ter of the crater at the window surface.

diving system: a PVHO system that is used for diving,

suppor{ of diving operations, or diving training: to a treatment chamber

elastor.n? -a natt.lral or synthetic material th.at .is elastic hyperhemispherical window: a spherical acrylic shell ‘:Lav-
or re.s1hsn’iiand in %eneral resemb.les rubber inits deor— ing an included angle greater than 180 deg, a sifigle
m::l)tlon ur} er tensile c?r compresiwe stre'sses (1.e.,'at east penetration, and a conical bearing surface.

50% eldstic compression and 70% elastic extension).

fabricatg
acrylic y
fication

fiber (w

r of windows: the party whe-fabricates finished
vindows from castings,.marks them with identi-
and provides fabrieation certification.

ndow inclusion): anonmetallic fiber in an acrylic

high-pressure face-windows: viewing surface of the win-
dow thatinservice is acted upon by the pressure loading
on the window.

hydrecarbon: all organic compounds detectable by a tptal

hydiocarbon analyzer.

hyperbaric stretcher: a lightweight PVHO designedl to
accommodate one person undergoing initial hyperbgaric
treatment during or while awaiting transport or transfer

the
me-
the

inclusion (window): a foreign substance or void in
body of acrylic with a dimension measured as the dia
ter of a sphere having an equivalent volume of
inclusion.

inclusion-fiber (window): a nonmetallic fiber in an acrylic

Casltmg €8 lr,lil‘g_dual fair grofél;e.r of cotton, polyester, casting (e.g., individual hair or fiber of cotton, polyester,
nylon, gtc.) with digmeter <0.005 in. nylon, etc.) with diameter <0.005 in.

Al a'm.makle: a matcenal Capable,'v.vhen '1gn1ted, of main- inventory control identification (window): identification
taining Fombtistion under specific environmental condi-

tions.

assigned to a single sheet or custom casting by the fapri-
cator of windows when lot identification is not provided

flare fitting (fube): any tube fitting that grips the tube by
means of a flare that is applied to the end of the tube
by mechanical means.

flat disk window: a plane, circular window geometry.

Fp: adjustment factor to be multiplied by the ACGIH
TLV when the anticipated duration of manned occupa-
tion is in excess of 8 hr.

full-scale window: a window whose dimensions are iden-
tical to the window in actual service.
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by the manufacturer of plastic.

life-sensitive system: any system where an interruption
of service represents a hazard to the health and well-
being of the chamber occupants.

life-support system: the equipment and systems required
to maintain a habitable atmosphere in the PVHO in all
anticipated operating conditions.

lock: a chamber compartment that can be maintained at
a pressure different than other connected compartments
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(e.g., inner lock, outer lock, entry lock, med/service
lock).

long-term proof pressure (LTPP): pressure that a window
must withstand without catastrophic failure under sus-
tained pressurization of 80,000-hr duration in design
temperature ambient environment. This Standard
defines long-term proof pressure as equal to design
pressure.

medical chamber: a chamber or chamber system that is
intended for use as part of a clinical setting for adminis-
tering hyperbaric oxygen therapy or other hyperbaric
medical treatments.

medical lock: a small compartment that penetrates the
pressure hull of the PVHO, allowing items to be trans-
ferred into and out of a PVHO under pressure.

megapascal (MPa): the metric unit of pressure equal to

10 bar, or 145 psi.

lot dentification (window): identification affixed by the ‘

mahufacturer of plastic to all castings constituting a lot ~ model-scale window: a window whose dimensior}s are all
of fnaterial. scaled down linearly from the window in)dctuallservice.
lot §f material (window): a unit of manufacture consisting moﬁopiace chamber: a PVHO designed to acconfmodate
of 4 single production run poured from the same mix & SM&'€ person.

of monometric material and made at the same time,  multiplace chamber: a PVHO designed to acconfmodate
ungdlergoing identical processing from monomer to  two or more people.

polymer. NEMO window: a sphériedl acrylic shell with|two or
low}pressure face (window): viewing surface of the win- ~ MO conical penetrations whose edges are supported

doy
sur

v that while in-service is not acted upon by the pres-
b applied to the window.

ma
fab

ufacturer (component): individual or organization that
Ficates components utilized in PVHO systems.

mar
fab
the
ass

ufacturer (PVHO): individual or organization that
Ficates or assembles PVHO systems and provides
customer with the Manufacturer’s Data Report and
pciated documentation required by this standard.

manufacturer of plastic (window): the party who conwverts
methyl methacrylate resin into acrylic castings, provides
Majterial Manufacturer’s Certification fofAcrylic
(PYVHO-1 Form VP-3), and may also provide Material
Testing Certification for Acrylic (PVHO-LUForm VP-4).

maj
be
thid
are
sys
matking (window): identification on the window’s bear-
ing[surface or edgg, denoting that the window met the
PVHO-1 Standard requirements for the specified design
tenjperaturéand pressure. The fabricator’s identification
symbol, sexial number, and year of fabrication are also
parft of the marking.

ine system: a chamber or chamber*system that is to
ised in a marine environment. For the purposes of
Standard, all chambers_and/chamber systems that
not exclusively land-based are considered marine
ems.

by inserts with conical edges.

nominal values: Specified dimensions or angles for com-
ponents of-a¢chamber to which dimensional tolerances
are subsequently applied on fabrication drawings.

nonstandard window geometry: unproven window
try*that must be first experimentally qualified
iftended design pressure and temperatures.

geome-
for the

operational temperature range: the range of ambi¢nt tem-
peratures to which the chamber can be subjectdd while
pressurized.

oxygen service: any portion of a piping system t
contain a gas containing oxygen over 25% by
oxygen shall be considered to be in oxygen sef

nat may
volume
vice.

payload: the weight the submersible PVHO is ca
carrying in addition to its permanently fitted eqy

pable of
ipment.

permissible exposure limit (PEL): nomenclature

the Occupational Safety and Health Admini
(OSHA) to express allowable airborne concentr3
a conventional 8-hr workday and a 40-hr work

ised by
stration
tion for
week.

pilot: a person appointed and trained to command a
submersible PVHO.
pipe: a tube with a circular cross section conforming to
the dimensional requirements for nominal pip¢ size as

tabulated in ASME B36.10M, Table 1 and| ASME
B36.19M, Table 1. For special pipe having a diameter

material testing laboratory (window): the party who tests
material specimens cut from plastic casting and provides
Material Testing Certification for Acrylic (PVHO-1 Form
VP-4).

maximum allowable working pressure (MAWP): maximum
rated pressure for a component.

maximum operating pressure: the maximum pressure in
which a system (pressure vessel, supporting controls,
and instrumentation) is to be operated.
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Tiot listed in these tables, and also for round tube, the
nominal diameter corresponds with the outside diame-
ter. The fundamental difference between pipe and tube
is the dimensional standard to which each is manufac-
tured.

piping: refers to all circular cross-section conduits and
is used generically to include both pipe and tube used
for the transmission of fluids. The use of noncircular
tubing for pressure piping within the scope of this Stan-
dard is not permitted.
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piping system: the assembly of piping and components
required to form a functional system.

ppm: concentration in air expressed as parts per million,
on a volumetric basis.

pressure control valve: a valve used to reduce or maintain
the pressure in a piping system by admitting or releasing
fluid pressure, as required, to maintain pressure at or
near a designated setpoint. Other commonly used terms

service locks (other than human occupancy): compartments
for transferring supplies and materials into and out of
a PVHO while the occupants remain under pressure.

shall: shall or shall not is used to indicate that a provision
is mandatory.

sheet castings: sheets of plastic cast on a production line
basis and carried as a standard production item in a
manufacturer’s sales catalog.

include[pressure reducing valve, pressure regulator, and
back pressure regulator.

pressure|testing certification (window): certification that the
newly fanufactured window has successfully met the
mandatory requirements of PVHO-1.

pressure|
sure teg

testing laboratory (window): the party who pres-
ts windows installed in viewport flanges and

short-term critical pressure (STCP) (window): the presq
required to catastrophically fail a window 4
650 psi/min (4.5 MPa/min) rate in design tempera
ambient environment.

ure
ta
ure

short-term proof pressure (STPP): the pressure that a Win-
dow must withstand without catastrophic failure urfder
short-term pressurization at 650¢psi/min (4.5 MPa/rin)

providgs pressure testing certification. rate in design temperature @mbient environment. This
pressure| vessel for human occupancy (PVHO): a chamber ~ Standard defines short-term\proof pressure as equdl to
that endloses a human being within its pressure bound- ~ four times the design pressure.

ary while it is under internal or external pressure. should: should or it is fecommended is used to indicate that
PVHO fnanufacturer: person, group, or corporate entity ~ a provision is not mandatory but is recommended as
that constructs or assembles a Pressure Vessel forHuman ~ good practices

Occupal
PVHO-

hcy in accordance with the provisions of ASME
| and the User’s Design Specification.

significant dimension (window): when the dimension of
an inclusion or a scratch exceeds a specified value pnd

quality gssurance program: documented systematic orga-  is considered as being present in the window for inspec-

nization of policies and procedures to ensure that the  tioH purposes.

grosﬁluci‘ or ?ervtlc ¢ delivered meets all customer and oft goods: O-rings, gaskets, seals, and other polymey or
esigh ppectiications. elastomer components used in a PVHO system.

rated depth: the maximum depth to which the submers-

. ible cra

risk: the
“ harm aj

t is certified to operate.

combination of the probability of accordance of
nd the severity of that harm.

risk ana
. to ident

ysis: the systematic use of available information
ify hazards and to eliminate the tisk.

 saturatign diving: a diving procedure by which the diver
is continuously subjected to a pressure greater than
atmospheric so that his bodyitissue and blood become
saturatg¢d with the inert element of the breathing gas at
the elevjated ambient pressure.

scratch
of the a
coming;

poindow): a crack-free discontinuity on the surface
brylic window that is the result of foreign objects
in contagt’with the acrylic surface. For the pur-
pose of pvaltation, gouges and dings shall be considered
scratch¢s.\Fhe dimension of a scratch is the depth of the

spherical sector window: a geometry that depicts a spheri-

cal window shape.

standard temperature: the range of material temperatyires
from 70°F to 75°F (21°C to 24°C) at which all the dimjen-
sions in this Standard are specified.

standard window geometry: proven window geom
that, because of its safe service record, has been incorfpo-
rated in this Standard. Windows with standard geome-
tries may be used in pressure vessels for hurhan
occupancy without having to undergo experimehtal
design qualification.

ptry

sel,
bur-
ies)
g

submersible: a manned, self-contained, mobile ves

which primarily operates under water and relies on

face support (e.g., a surface ship or shore-based facilit

for monitoring and for one or more of the followin
(a) recharging of power supply

sharp surface discontinuity measured from the window
surface to the bottom of the scratch.

service life (window): the period of time and/or number
of cycles that a window may be permitted to remain in
service. The window Service Life may be shorter or
longer than the window Design Life due to variations
in the conditions of service, latent manufacturing
defects, or other factors. (For additional information
regarding the service life of windows, see
ASME PVHO-2.)
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(b) recharging high pressure air
(c) recharging life support

submersible diving chamber (SDC): commonly called a div-
ing bell, used to transport divers under pressure to a
work site.

supplier (windows): the party who supplies finished win-
dows with all required certifications to the chamber
manufacturer (original equipment) or user (replace-
ment). There is nothing in this Standard prohibiting the
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supplier from performing the functions of plastic manu-
facturer, material testing laboratory, window designer,
window fabricator, and pressure testing laboratory, pro-
vided that these functions generate the required certifi-
cations.

support facility: a surface craft or shore-based facility
providing support to the submersible PVHO.

threshold limit values (TLV): nomenclature used by the

all three, of the following: outside diameter, inside diam-
eter, wall thickness; types K, L, and M copper tube may
also be specified by nominal size and type only. Dimen-
sions and permissible variations (tolerances) are speci-
fied in the appropriate ASTM or ASME standard
specifications.

tube or pipe fitting, bite type fitting: any tube fitting that
grips the tube by means of one or more teeth that bite

Anjerican Conference of Governmental Industrial
Hygienists (ACGIH) to express allowable airborne con-
cenftration for a conventional 8-hr workday and a 40-hr
workweek.

total hydrocarbon analyzer: any suitable process analyzer
employing a hydrogen flame ionization detector (FID)
having a range of 0 to at least 1000 mg/m® methane
eqyivalents.

trupk/tunnel: any void that creates a volume between
twad or more doors or hatches is considered to be either
a tjunk or a tunnel.

tubg: a hollow product of circular or any other cross-
secfion having a continuous periphery. Circular tube
siz¢ may be specified with respect to any two, but not

pating a

- - i 41 I | - L L1l i 1
Ul L,{ls IITLU T UULSIUCT UIdITICLITI Ul UIC TUPUCT UL
definite notch.

viewport (window): a penetration in the pressure vessel
including the window, flange, retaining rifgs, afd seals.

void (window): hollow cavity in thie"body of thg
casting.

acrylic

ttached
ress.

welded fitting: any tube or pipe fitting that is 4
to the tube or pipe by means of a welding pro

window: a transparent, impermeable, and pressulre-resis-
tant insert in the viewport.
window fabricator;person, group, or corporate entity that
fabricates PVHO windows in accordance with the

requireménts 'of ASME PVHO-1 and the User’q Design
Specification.
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NONMANDATORY APPENDIX A
DESIGN OF SUPPORTS AND LIFTING ATTACHMENTS

The desigrershoutd consider using the provisions of tb)—“Stresses T Earge Horizontat Cytindricat Presgure
the follpwing studies, which appear in Pressure Vessels Vessels on Two Saddle Supports,” L. P. Zick, reprinted
and Piping: Design and Analysis, Volume Two —  from Welding Journal Research Supplement, 1971.
Components and Structural Dynamics, The American The use of these provisions shall not, negate Code
Society |of Mechanical Engineers, New York, 1972: requirements.

(a) “lLocal Stresses in Spherical and Cylindrical Shells
Due to External Loadings,” K. R. Wichman, A. G. Hop-
per, and J. L. Mershon, reprinted from Welding Research
Council Bulletin 107, 1965.
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NONMANDATORY APPENDIX B
RECOMMENDATIONS FOR THE DESIGN OF
THROUGH-PRESSURE BOUNDARY PENETRATIONS

B-1
T
thr
tha
des
are
pre|
for
AS
or

B-2
K
intq
(i
coy
Sps
NP
(
Thi
ply|
pre|
(i
rad
Sec
(
a6,
rati
ext

dral
apy
B-3
H

GENERAL

his Appendix provides several basic designs of
ugh-pressure boundary piping penetration designs
I have been found to give good service. Acceptable
igns of through-pressure boundary piping systems
not necessarily limited to the designs shown. All
ssure boundary penetrations must meet the rein-
rement and weld detail requirements of
ME PVHO-1 and ASME Code Section VIII, Division 1

?, as appropriate.

PENETRATOR DESIGNS

igure B-2 shows four basic penetrator designs
nded principally for services as follows:

) full coupling intended for standard threaded pipe
plings or a special coupling dictated by the Design
cification. For most applications, a standard 6,000 psi
I coupling is acceptable in 316 or 316L stainless steel:
) half coupling, full penetration weld installatior.
5 is generally used for pressure equalization, ifysup-
locks and transfer tunnels and can also be used for
Bsure gage penetrators.

) special forging. This category is intended for fully
iographable penetrators, generally to comply to
fion VIII, Division 2, of the Code:

1) flush mount coupling. This-eategory is generally
D00 psi or special forging typecoupling. This configu-
on is used where a full\eoupling with internal and
brnal threads is requitred; or where there are chamber
ins, supply lock andvtunnel equalizations, or in other
lications where/a-flush internal mount is required.

COUPLING DETAILS

igure.B:8"shows four acceptable coupling details.

B-3.1 Threaded Couplings

(a) NPT (National Pipe Thread) 6,000:psi Coupl
marine systems the coupling matefial should be
less steel per para. B-4. The heayy wall of the §
coupling normally permits atleast one field reth
should the original threads be damaged.

(b) Special Coupling\With an SAE or MS (}
Standard) Straight Thread O-Ring Boss. This desig
ommended over pipe threads when the contain|
may be helium¢

B-3.2 Threaded Insert Couplings

These are generally smooth bore couplin

ing. For
a stain-
,000 psi
reading

Military

n is rec-

led fluid

gs with

threaded, flanged inserts with either pipe thfeads or

straight thread O-ring seals. This installation
sealed and secured with a fillet weld or assemb
a flat washer and locking nut with O-ring seals as
The latter installation is preferred but its co
makes it impractical.

B-4 MATERIALS

Practical experience has shown that unthreag
smooth bore) couplings in marine systems may
Code-approved forged steel while threaded cq
and inserts should be of approved stainless stee
316L), brass, or bronze. Corrosion-resistant al
strongly recommended to eliminate cleaning,
nance, and material compatibility problems. T
couplings and inserts in land-based chambers
of any Code-approved material.

can be
ed with
shown.
5t often

led (i.e.,
be any
uplings
| (316 or
oys are
mainte-
hreaded
may be
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