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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

Safety Code Committee on Pilessure Vessels for Human Occupancy (PVHO) was established in 1974 to continue the work
of the ad hoc committee. Initjally, this committee was to confine its activity to the pressure boundary of such systems. It
was to reference existing ASMIE Boiler and Pressure Vessel Code (BPVC) Sections, insofar as practicable, adapting them for
application to pressure vesséls for human occupancy. The common practice hitherto had been to design such chambersin
accordance with Section VIII|Division 1 of ASME BPVC; however, a number of important considerations were not covered
in those rules. Among these were requirements for viewports and the in-service use of pressure relief valves, and special
material toughness requirements. This Standard provides the necessary rules to supplement that Section, and alsg

Section VIII, Division 2 of 4
the Code Sections.

ASME BPVC criteria furnis
(-18°C to 66°C). Supporting
Section VIII are excluded. A 1]
tion of rules for these vital
Finally, all chambers designg
or pneumatic test.

The 2007 edition was com
intended to be used for all P
unstiffened and ring-stiffene
tion-specific PVHOs. Section
assurance. The Piping Systen
body of the Standard. All fo
sponding section (e.g., Gene
Form GR-1.

ASME BPVC. The user is expected to be familiar with the principles and application of

h the baseline for design. In ASME PVHO-1, design temperature is limited to 0°Fto 150°F
structure and lifting loads are given special attention. Certain design detailsipermitted by
hajor addition is the inclusion of design rules for acrylic viewports (Section.2). The formula-
hnd critical appurtenances was one of the reasons for establishing the, PVHO Committee.
d for external pressure are required to be subjected to an external préssure hydrostatic test

bletely rewritten and reformatted from the 2002 edition. Section},General Requirements, is
VHOs, regardless of use. The rules for external pressure desigir were expanded to include
d cylinders, in addition to spheres. Other additions included-Sections pertaining to applica-
5 were included for medical hyperbaric systems, diving systems, submersibles, and quality
s Section was expanded. Where possible, MandatoryAppendices were incorporated into the
'ms were revised to reflect the document (PVHOA1J, an abbreviation denoting the corre-
-al Requirements is GR), and the form number(Wwithin that Section. An example is PVHO-1

The 2012 edition include
The 2016 edition include
Systems, and Diving System|
based Cases for flexible cha
PVHOs using nonstandard
in-service guidelines for PV
The 2019 edition of PVHO
dard materials. In support of
reflect the differences in ap
pressure vessels/chambers.
and requirements for easie
Interpretations, Code Cas
https://cstools.asme.org/cs
The 2019 edition of ASME
the criteria as an American

expansions made to the General Requirements, Viewports, and Diving Systems Sections.
additional expansions made to the Genéral Requirements, Viewports, Medical Hyperbaric
Sections. It included a new Nonmandatory Appendix for preparing PVHO performance-
bers. There is continuing work being accomplished by the Subcommittees in the areas of
terials, including nonmetallic PVHOs. A companion document (ASME PVHO-2) that covers
Os has been published,

1 continues the work to\address complete PVHO systems and PVHOs made from nonstan-
his work, definitions in Mandatory Appendix Il and various forms were added or updated to
roach to documenting the entire PVHO system as a whole rather than as single or multiple
dditionally, changes were made to this edition in efforts to clarify several design standards
understanding and implementation by all users of this Standard.

s, and efrata to ASME PVHO-1 are published on the following ASME web page:
onnect/CommitteePages.cfm?Committee=N10050000.

VHO51 was approved and adopted by the American National Standards Institute as meeting
ational Standard on December 4, 2019. Previous editions were published in 1977, 1981,

1984, 1987, 1993, 1997, 20

02, 2007, 2012, and 2016.
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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 or a case, and attgnding Committee meetings. Correspondence should be addressed to:

Secretary, PVHO Standards Committee

The American Society of Mechanical Engineers
Two Pafk Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Reyisions are made periodically to the Standard to incorporate changes that appear necéssary
or desirable, as demonstrated by the experience gained from the application of the Standard. Approved revisiéns will be
published periodically.

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

Proposing a Case. Cases ay be issued to provide alternative rules when justified, to permit early implementation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effective
immediately upon ASME approval and shall be posted on the ASME Committee web page.

Requests for Cases shall provide a Statement of Need and Background Information:. The request should identify the
Standard and the paragraph| figure, or table number(s), and be written as a Question and Reply in the same format as
existing Cases. Requests for Cases should also indicate the applicable edition(s)'of the Standard to which the proposed
Case applies.

Interpretations. Upon refjuest, the PVHO Standards Committee will'tender an interpretation of any requirement of
the Standard. Interpretationf can only be rendered in response to,a\written request sent to the Secretary of the PVHO
Standards Committee.

Requests for interpretatidn should preferably be submitted\through the online Interpretation Submittal Form. The
form is accessible at http://go.asme.org/InterpretationRequiest. Upon submittal of the form, the Inquirer will receive an
automatic e-mail confirming receipt.

If the Inquirer is unable td use the online form, he /she may mail the request to the Secretary of the PVHO Standards
Committee at the above addfess. The request for an interpretation should be clear and unambiguous. It is further rec-
ommended that the Inquiref submit his/her réquest in the following format:

Subject: Lite the applicable paragraph number(s) and the topic of the inquiry in one or two words.
Edition: Lite 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
Sitiation. Please provide a condensed and precise question, composed in such a way thata

V€S Or ‘Mo Treply 1S acceptable.
Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.
Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.

Xii
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

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 cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary

device, or activity.

Attending Committee|Meetings. The PVHO Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to thie public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secretary of the PVHO ptandards Committee.
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ASME PVHO-1-2019
SUMMARY OF CHANGES

Following approval by the fSME PVHOU-T Committee and ASME, and aiter public review, ASME PVHO-1-2019 was .
approved by the American National Standards Institute on December 4, 2019.

ASME PVHO-1-2019 includ¢s the following changes identified by a margin note, (19).

Page Location Change

2 1-7.1 Subparagraphs (c)(1) through (c)(3) revised
3 1-7.8 Subparagraph (c) added

4 1-7.9 Subparagraph (k) revised

8 1-7.14 Subparagraph (f) added

10 1-12 Added

12 1-13 Added

12 1-14 Added

19 2-2.1 Revised

24 2-2.8.3 Title revised

32 2-3.8 (1) First paragraph and subparaf (a) revised

(2) In subpara. (b), second sentence corrected by errata to read
“acrylic plastic weighing @bout”

32 2-3.11 Added

34 2-5.4.1 Added

35 2-6.1 Revised

36 2-7.3 Revised

42 PVHO-1 Forth VP-2 Revised

89 4-1.2 (1) Fermer para. 4-1.2.3 redesignated as subpara. 4-1.2.2(c)

(2) Paragraph 4-1.2.4 redesignated as para. 4-1.2.3
(3)/Paragraph 4-1.2.5 deleted

101 Table 4-7.1-1 General Note (b) corrected by errata to read MT

103 5-1.4 Revised in its entirety

104 5-1.9 Added

104 5-2 Revised

104 5-3.2 First paragraph revised

106 Section 6 Revised in its entirety

128 Mandatory Appemdix t——— (1) Definitionsof air-vemtifated PYHO, fabricator, manufacturer,

material manufacturer, Professional Engineer, and systems
integrator added

(2) Definitions of fabricator of windows, manufacturer
(component), manufacturer of plastic (window), and
manufacturer (PVHO) deleted

(3) Definition of risk corrected by errata to read occurrence

139 Nonmandatory Appendix D Title revised
139 D-2 Revised

xiv
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Page Location Change

146 Nonmandatory Appendix E Title revised

146 E-1.1 Revised

147 E-2.2 Fourth paragraph revised

149 E-2.8 Third paragraph revised

149 E-3 (1) Paragraph E-3.1 revised
(2) Paragraph E-3.4 deleted

152 E-4.12 Stbparagraph-tHrevised

172 Table E-f1.1-1 Added

176 Nonmanfdatory Appendix F (1) Title for MIL-H-2815 added

(2) Addresses updated
(3) Publications from Naval Ordnance Safety and Security Activity,
and U.S. Department of Health and Human Services added

XV
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Section 1
General Requirements

1-1 INTRODUCTION

This Standard defineq
cable to all Pressure
(PVHOs) fabricated
through 4) and shall be
requirements in other §
applicable) and Mandat]
In the event of conflict H
other Sections (5 throu
quirements from Sectio|

the requirements that are appli-
Vessels for Human Occupancy
fo this Standard (Sections 1
used in conjunction with specific
ections (Sections 5 through 7, as
pry Appendices of this Standard.
etween Sections 1 through 4 and
bh 7), the application-specific re-
ns 5 through 7 shall govern.

PVHOs shall be desighed, fabricated, inspected, tested,

marked, and stamped
ments of this Standard
sure Vessel Code (ASME]
Division 2, unless other
dard.

In-service requireme;
PVHO-2.

1-2 SCOPE

1-2.1 Application

This Standard applj
enclose a human withi
under internal or exterr
tial pressure of 2 psi (15
limited to, submersibl
transfer capsules, as wd
sion, hypobaric, and hy|

1-2.2 Geometry

The scope of this Stan
the pressure boundary
Specification and shall
the following:

n accordance with the require-
nd of the ASME Boiler and Pres-
BPVC(), Section VIII, Division 1 or
wise permitted within this Stan-

hts for PVHOs are found in ASME

s to all pressure vessels that

their pressure boundary while
al pressure exceeding a differens
kPa). PVHOs include, but ar€ not
es, diving bells, and personnel
11 as decompression, recompres-
perbaric PVHOs.

Hard in relation to the geometry is
as definéd in the User’s Design
include, but not be limited to,

(k) pressure-retaining covers for vessel openings

1-2.3 Limitations

The pressure boundary of the PVHO shall be as follows:

(a) welding end connection for the first circumferential
joint for welded connections

(b) the first threaded joint for screwed cofinections

(c) the face ofthe first flange for bolted, flanged connec-
tions

(d) the first sealing surface for proprietary connections
or fittings

1-3 EXCLUSIONS

The following types of\vessels are excluded from this
Standard:

(a) nuclear reactor-containments

(b) pressurized airplane cabins

(c) aerospace*vehicle cabins

(d) caissons

1-4 USER REQUIREMENTS

[tis the responsibility of the user, or an agent acting for
the user who intends that a PVHO be designed, fabricated,
inspected, tested, marked, stamped, and certified to be in
compliance with this Standard, to provide or cause to be
provided for such PVHO, a User’s Design Specification. The
User’s Design Specification shall set forth the intended
operating conditions of the PVHO 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, spe-
cific installation requirements, and applicable codes and
standards.

1-5 MANUFACTURER’S DATA REPORT

(a) shells of revolutit

—

T

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

(d) flat heads

(e) quick-actuating closures
(f) vessel penetrations

(g) attachments and
(h) access openings

(i) viewports

(j) pressure relief de

supports

vices

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

Aregistered 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.
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1-6 MATERIALS

All PVHO materials shall meet the requirements of this
Standard.

Pressure vessel metallic material shall meet the speci-
fied Division of Section VIII of the ASME BPVC. Nonstan-
dard materials shall be qualified for use as defined in
Nonmandatory Appendix D. The following materials
shall not be used for pressure parts: SA-36, SA-283,

(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 (a) through (c)
may be waived for the 300 series stainless steels.

(f) When the material has a specified minimum yield
strength exceeding 60 ksi (414 MPa), weld metal and heat-
affected zone impact properties for weld procedure quali-
fications and weld production tests shall also meet the

SA-515, and cast and ductil

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

(a) Except as provided fof in (b), (c), (d), or (e), drop-
weight tests in accordance wjith ASTM E208 shall be made
on all wrought and cast ferrgus materials. For plates, one
drop-weight test (two specimens) shall be made for each
plate in the as-heat-treated ¢ondition. For product forms
other than plate, one drop-yeight test (two specimens)
shall be made for each hedt in any one treatment lot.
The sampling procedure for each form of material
shall comply with the requitements of the specifications
listed in ASME BPVC, Section VIII, Division 1, Table UG-
84.3 or Section VIII, Division|2, para. 3.10.4, as applicable.
The test shall be conducted &t a temperature 30°F (17°C)
lower than the minimum temperature for seamless and
postweld heat-treated vesse]s, and 50°F (28°C) lower for
as-welded vessels. The two gpecimens shall both exhibit

TOoT.

no-break performance.

(b) When, due to the ma
tion, drop-weight specimens
V-notch tests shall be condu
of each material shall comply
applicable material specific3
shall comply in all respects
applicable product form sy
BPVC, Section VIII, Division
VIII, Division 2, para. 3.10
case, the test temperature
specified in (a).

(c) As an alternative to th
materials listed in ASME BP|
Table A1.15 may be accepte
notch testing. Testing shal
procedures contained in thg
BPVC, Section VIII, except
for plate shall be from eac
test temperature shall not k

erial thickness or configura-
cannot be obtained, Charpy
ted. The Charpy V-notch test
with the requirements of the
tion or, when none is given,
vith the requirements of the
ecifications listed in ASME
1, Table UG-84.3 or Section
4, as applicable. For either
hall not be higher than that

e requirements of (a),'those
VC, Section II, ParttAySA-20,
d on the basis{of-Charpy V-
be in accordance with the
specified “Division of ASME
hat th&.acceptance criteria
W plateras heat treated. The
e'\igher than that specified

requirements of the specified Division of ASME BPVC,
Section VIII at a test temperature 30°F (17°C) lower
than the design temperature, regardless of the value of
the minimum design metal temperature.

PVHOs constructed of ferrous materials that are
exposed to the corrosive effects of marine environments
shall have provisions made for the desired life by a suitable
increase in the thickness of the material over that required
by the design procedures, or by using some otheristiitable
method of protection.

1-7 DESIGN AND FABRICATION REQUIREMENTS

1-7.1 Joint Design

The design and fabrication shall be in accordance with
the specified Division of ASMEBPVC, Section VIII and the
following requirements @@mmon to all PVHOs, unless
otherwise permitted within this Standard:

(a) Alljoints of Categories A through C shall be Type No.
1 of Table UW-12.for ASME BPVC, Section VIII, Division 1
vessels or shall be weld joint Type 1 of Table 4.2.2 and
meet the requirements of para. 6.2.4.1 for ASME BPVC,
Section VIH, Division 2 vessels.

(b)” All joints of Category D shall be full-penetration
welds extending through the entire thickness of the
vessel or nozzle wall and shall be Type No. 1 or Type
No. 7 of Table UW-12 for ASME BPVC, Section VIII, Division
1 vessels or weld joint Type 1 or Type 7 of Table 4.2.2 for
ASME BPVC, Section VIII, Division 2 vessels. Backing strips
shall be removed.

(c) Intermediate heads may be designed in accordance
with Figure UW-13.1(e) for ASME BPVC, Section VIII, Divi-
sion 1 vessels only when the following conditions are met:

(1) The allowable stress used in the calculations for
the intermediate head and for the shell that the inter-
mediate head is attached to shall be 70% or less of the
allowable stress found in ASME BPVC, Section II, Part

(19)

in (a) regardless of the temperature shown in SA-20, Table

A1.15.

(d) Ferrous materials thatare 0.625 in. (16 mm) or less
in thickness are exempt from the additional toughness

tests of (a) through (c) pr
either of the following:

ovided these materials are

(1) normalized, fully killed, and made in accordance

with fine grain practice

D. This reduced allowable stress shall apply to the
shell only for a distance measured parallel along the
shell of 2.5(Rmt5)1/2 from the centerline of the butt
weld to either side (ty; or t;;) [reference ASME BPVC,
Section VIII, Division 1, Figure UW-13.1(e)]. R, and ¢
are the shell mean radius and thickness (in inches or milli-
meters), respectively, for the shell section under consid-
eration.
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(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 Y, in. (6.4 mm),
whichever is less.

(3) The allowable stress value for the butt weld shall
be 70% or less of the allowable stress value for the vessel
material. The allowable stress value for the fillet weld shall
be 55% or less of the allowable stress value for the vessel
material [reference ASME BPVC, Section VIII, Division 1,

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.

1-7.6 Penetrations

UW-13(c)(2)].

(4) In addition td
para. 1-7.1, stiffener
exposed to a corrosi

the strength requirements of
rings or other attachments
ve environment shall be seal

welded by welds that are continuous on all sides.

1-7.2 Welding

Pressure vessel weldjng shall be performed in accor-

dance with ASME BPV(

1-7.3 Nondestructive

All nondestructive tes
Section V.

(a) All Type No. 1 b
graphed. All Type No. 7
sonically examined. B(
ultrasonic inspections §
with the specified Divis

(b) PVHO vessels th|
head per para. 1-7.1(c)

(1) The butt weld j
and 100% ultrasonic ey
ASME BPVC, Section VI

(2) The butt weld,
be examined after hydrd

(c) The reverse side
joints shall be sound. |
particle (MT) or liquid p
essary, chipping, grindin
to ensure sound metal.
from the reverse side.

(d) After hydrostatic
and/or seal welds shall
the requirements for eit

, Section IX.

Testing
ting shall conform to ASME BPVC,

utt welds shall be 100% radio-
orner welds shall be 100% ultra-
th the above radiographic and
hall be performed in accordance
ion of ASME BPVC, Section VIIIL
At incorporate an intermediate
shall be inspected as follows:
oint shall be 100% radiographed
amined per the requirements of
I, Division 1 or Division 2.

fillet weld, and/or seal weld shall
static test in accordance with (d).
f the root pass of double-welded
his shall be shown by magnetic
Enetrant (PT) examination. [fnec-
g, or melting-out may berequired
Weld metal shall thembe applied

ests, all pressute-retaining welds
be examined.in accordance with
her MT examination (ASME BPVC,

Section V, Article 7) or H

T testing, (ASME BPVC, Section V,

Article 6). The acceptaxce criteria shall be those of the

applicable requireme

ts¢of the specified Division of

Penetrations of the pressure boundary shall comply
with the following:

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

(b) Penetrators shall be either of standard piping
components or of a port and insert construction\ See
Nonmandatory Appendix B, Figures B-2-1 and B-3-1.

(c) Where a penetrator is of the portiand insert
construction, the insert shall be constructed of ASME
PVHO material.

(d) Sealing surfaces of elastomer<sealed penetrators
shall be protected from corrosion effects.

(e) Penetrators incorporating:piping or commercial
components shall be rated\by“the manufacturer to be
suitable for the intended design pressure and tempera-
ture, and meet the testing requirements of para. 1-7.8.

(f) Penetrators.and inserts shall be tested in accor-
dance with para, 1-7.8.

Portions of the'insert that become part of the pressure
boundary shallbe tested to the same pressure required for
the PVHQ:Portions of the insert that are subject to greater
pressure“than the pressure boundary shall be tested in
accdrdance with the requirements of Section 4.

{9) Exceptaspermittedin (e), penetrations of the pres-
sure boundary including piping, windows, manways, and
service locks shall conform to the reinforcement require-
ments of ASME BPVC, Section VIII, Division 1 or Division 2.
Plate material used as reinforcement shall meet the re-
quirements of ASME BPVC, Section VIII, Division 1, Man-
datory Appendix 20 or Section VIII, Division 2, section 3.9.

1-7.7 Inspection

All PVHOs and processes used in their manufacture
shall be inspected in accordance with the manufacturer’s
quality assurance system, in accordance with Section 3.

1-7.8 Testing

(19)

ASME BPVC, Section VIII.

1-7.4 Electrical Outfitting

All electrical penetrators through the pressure

boundary shall be suitable for the environment in
which they will operate in order to minimize the risk
of fire, explosion, electric shock, emission of toxic
fumes to personnel, and galvanic action on the pressure
boundary.

All PVHOs and pressure-retaining components of
PVHOs shall demonstrate structural integrity through
testing as follows:

(a) All internally pressurized vessels shall be tested
according to the applicable Section of this Standard
and/or the specified Division of ASME BPVC, Section VIII.

(b) Unless otherwise stated in this Standard, all exter-
nally pressurized vessels, regardless of the design rules
used, shall be subjected to an external pressure test to
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a differential pressure not less than 1.25 times the
maximum allowable working pressure (MAWP). The
test pressure shall be maintained for not less than 1
hr. The differential test pressure may be achieved by a
combination of internal and external test pressures.

(c) For hydrotest of vacuum only, or altitude (hypo-
baric) chambers, per ASME BPVC (2017 Edition),
Section VIII, Division 1, UG-99(f), a vacuum test of 1.25
times the maximum allowable altitude shall be conducted

1-7.10 Piping

Unless otherwise permitted within this Standard,
piping shall conform to the requirements of Section 4
of this Standard.

1-7.11 Opening Reinforcements

All opening reinforcements shall be integral with the
nozzle and/or shell. Reinforcement pads are not

and maintained for a minimum of 1 hr, provided the
following tests have been pprformed:

(1) The pressure vessellshall be tested in accordance
with ASME BPVC (2017 Edition), Section VIII, Division 1,
UG-99(f).

(2) Windows shall|be tested according to
subsection 2-7.

1-7.9 Documentation

The manufacturer (PVHQ) shall provide the owner/
user or his/her designated 3ggent a copy of the Manufac-
turer’s Data Report [PVHO-[l Form GR-1 (PVHO-1 Form
GR-1S)] and Forms U-1 and -2 (Division 1) or Forms A-1
and A-2 (Division 2), as applicable, for PVHOs built to
ASME BPVC, Section VIII. [The manufacturer (PVHO)
shall retain a copy of the Manufacturer’s Data Report
(PVHO-1 Form GR-1); applicable ASME BPVC, Section
VIII forms; and all viewporf-supporting documents per
Section 2 on file for at least 10 yr from the date of manu-
facture. Nondestructive testing documentation shall meet
the requirements of ASME BPVC, Section V. In addition to
the aforementioned docunjentation, the manufacturer
(PVHO) shall furnish the fpllowing documentation to
the user or his/her designafed agent:

(a) instructions critical tojthe maintenance of the PVHO

(b) instructions critical t¢ the operation of the PVHO
and subsystems (operating procedures)

(c) coating/painting infofmation

(d) photocopy or equivalpnt of the PVHO data plate

(e) list of standards use

(f) seal and gasket sizes ind materials

(g) User’s Design Specifidation

(h) evidence of succesfful completioh of test(s)
required in para. 1-7.8

(i) system schematics (life supporty hydraulics, elec-
trical, communications, etc.

(j) system descriptions (life-support, hydraulics, elec-

permitted.

1-7.12 Brazed or Riveted Construction

Brazed or riveted construction is prohibited on the
pressure boundary.

1-7.13 Alternative Design Rules for External
Pressure Vessels

1-7.13.1 General. This subsection provides-alternative
rules to those given in ASME BPVC, Section VillI;"Division 1
or Division 2 for determining allowable compressive
stresses and associated allowable external pressure for
unstiffened and ring-stiffened cifcular cylinders, and
the minimum required thickness for unstiffened
spheres and spherical and ellipsoidal heads. The use of
these alternative rules may.result in a pressure vessel
design that is lighter weight than that using the rules
of ASME BPVC, Section' VIII, Division 1 or Division 2.
When used, this_subsection shall be made applicable to
the entire vessel\

The hull design shall consider all load conditions in
addition tg external pressure loadings. These load condi-
tions shallinclude, but are not limited to, those specified in
ASME BPVC, Section VIII, Division 1 or Division 2.

The cylinder geometry isillustrated in Figure 1-7.13.1-1
and the stiffener geometries in Figure 1-7.13.1-2. The
effective sections for ring stiffeners are shown in
Figure 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.

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

trical, communications, etc.}
(k) assembly drawings, including viewport assembly
drawings that provide the general dimensions, seat
and seal configuration, and retainer ring and fastener
details
(1) equipment documentation (technical manuals,
catalog cuts, etc.)

designed in accordance with the requirements of ASME
BPVC, Section VIII, Division 1, UG-37(d)(1) or Division
2, 4.5.17 for openings in cylindrical shells and Division
2,4.5.10 and 4.5.11, as applicable, for openings in sphe-
rical and formed heads. The required thickness shall be
determined in accordance with para. 1-7.13.4. The factor,
F, used in ASME BPVC, Section VIII, Division 1, UG-37(c)
shall be 1.0. Openings in shells that exceed these limita-
tions require a special design based on a finite element
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analysis of the opening and surrounding shell and stif-
feners. The required thickness of the reinforcement
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
region is typically at unpenetrated regions of a spherical
shell, unstiffened cylindrical shell, or midbay in stiffened
cylinders. If the von Mises stress at the edge of the rein-
forcement exceeds that at the distant region, the allowable

Fha

allowable hoop compressive membrane
stress of a cylinder or formed head
under external pressure alone, ksi
elastic hoop compressive membrane
failure stress of a cylinder or formed
head under external pressure alone, ksi
average value of the hoop buckling
stresses, Fp, over length Lp, where Fy, is
determined from para. 1-7.13.4(c), ksi

external pressure shall
distant region stress to
For stiffened cylinde

be decreased by the ratio of the
reinforcement edge stress.
s, special consideration shall be

given to ends of members (shell sections) as follows:

the von Mises stress
shall not exceed 105%
the effects of the end.
Special consideration
application where streq
and localized stresses
linear theory. When th
a distance equal to one-
mately 1.2,/D,t), the loc
ered as a uniform stres
Additional stiffening m
All calculations shall b
in the corroded conditi

ht midbay at the end segment
of the midbay stress away from

shall also be given to areas of load
s distribution may be nonlinear
may exceed those predicted by
b localized stresses extend over
half the buckling mode (approxi-
hlized stresses should be consid-
s around the full circumference.
y be required.

e performed using all dimensions
h11.

1-7.13.2 Nomenclatyre

Fional area of small ring plus shell
1 to Lgt, in.?

Fional area of large ring plus shell
I to Lt, in.?

fional area of a large ring stiffener
as a bulkhead, in.?

fional area of a ring stiffener, in.?
sed to determine minimum shell
and length of the template(used
hg local shell deviations

rom neutral axis of cr6ss Section

nder consideration, ih.
iameter of cylinder, in.
f elasticity of\material at design
re, determined from the applica-
ial chartim ASME BPVC, Section I,

Part D, Sybpart:2,ksi. The applicable mate-
rial chartfis.given in ASME BPVC, Section II,
Part D, Subpart 1, Tables 1A and 1R, Tables

L; Lll LZI
15 L.

yield strength of material at design metal
temperature from applicable table in ASME
BPVC, Section II, Part D, Subpart 1, ksi
stress reduction factor or design factor
the full width of a flat bar stiffener or
outstanding leg of an angle stiffener/or
one-half of the full width of the flange of
a tee stiffener, in.

the full depth of a tee section orfull width of
an angle leg, in.

moment of inertia of full>eross section
1'[R3t, in#

moment of inertiacoflarge ring thatactsas a
bulkhead about(its' centroidal axis, in.*
moment of inertia of ring stiffener aboutits
centroidal axis, in.*

moment of inertia of ring stiffener plus
effective length of shell about centroidal
axis ‘of combined section, in.*

I + AZ2L,t/ (Ag + Let)] + Lot>/12

design length of unstiffened vessel section
between lines of support, in. A line of
support is

(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 Figure 1-7.13.1-1

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

length of cylinder between bulkheads or
large rings designed to act as bulkheads, in.
chord length of template used to measure
deviation from nominal circularity, in.

effective length of shell, in. (see

2A and 2B, or Tables 5A and 5B. Use linear
interpolation for intermediate tempera-

maximum plus or minus deviation from a
true circular form, in.

Aq = cross-sec
area equ
A, = cross-sec
area equ
Ap = cross-sec
that acts
Ag = cross-sec|
C = afactor y
thicknesg
in checki
¢ = distance
to point
D, = outside
E = modulus
tempera
ble mate
tures.
e =
ex =

local deviation from a straight line
measured along a meridian over a gauge
length, L,, in.

Lp

Figure 1=7-1371=3)For smalt ring, £. =
1.1(D,t)*/%. For large ring acting as a bulk-
head, L, = 1.1(D,t)"/?(41/A3).

one-half of the sum of the distances, Lp,
from the centerline of a large ring to the
next large ring or head line of support
on either side of the large ring, in. (see
Figure 1-7.13.1-1)
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one-half of the sum of the distances from

of a stiffening ring to the next

line of support on either side of the ring,
measured parallel to the axis of the cylin-
der, in. A line of support is described in the

L (see Figure 1-7.13.1-1), in.
th of vessel as shown in
.1-1, in.

measured along meridian of

1-7.13.4 Stiffened and Unstiffened Cylinders

(a) Limitations. For PVHOs not conforming to the
following limitations, the external pressure design shall
be as required by the specified Division of ASME BPVC,
Section VIIL

(1) Theminimum outside diameter to thicknessratio
(D,/t) is restricted to 1,000.
(2) The maximum shell thickness, including corro-

Ly =
the centerline
definition for

L, = overall leng
Figure 1-7.13

L, = gauge length
cylinder, in.

My = Ly R

My = L/ Rt

P = external desig

P, = allowable ext
of other load

PT = external test

R = radius to cen

R. = radius to cen|
fener and effg

=R+ Z,
R, = radius to out
t =
in.

t; = thickness ofth
tee of stiffend

t, = thickness of
fener, in.

Z. = radial distang
centroid of ¢
effective leng

= ASZS /(AS + Le

Zs = radial distand

centroid of 1
outside rings

1-7.13.3 Materials

(a) Allowable Materials. H
external pressure may be fal
with exceptions as noted, li
VIII, Division 1, Tables UC
or Division 2, Tables 3.A.1
acceptable for use for pres
subsection 1-6. General req
listed in subsection 1-6.

(b) Postweld Heat Treat

bn pressure, ksi

brnal pressure in the absence
, ksi

pressure, equal to 1.25P, ksi
erline of shell, in.

troid of combined ring stif-
ctive length of shell, in.

ide of shell, in.

thickness of shell, less corrosion allowance,

ebar,legofangle, or flange of
r, in.
he web or angle leg of stif-

e from centerline of shell to
mbined section of ring and
th of shell, in.

3)
e from centerline of shell to
ing stiffener (positive for
, in.

ressure vessels subjected to
ricated from steel materials,
sted in ASME BPVC; Section
5-23, UHA-23, and* UHT-23
hrough 3.A.3-~Materials not
sure parts.are’ identified in
uirements for materials are

hent (PWHT) Requirements.

The fabricated vessel shall

e pnchunlr] heat treated in

DiUll d}}UVlelLC, aha}} llUt CALCCd 2 ;ll. (50 llllll).
(3) The minimum shell thickness, excluding corro-

sion allowance, shall not be less than % in. (10 mm).

(b) Stress Reduction Factors. The allowable stress is
determined by applying a stress reduction factor, FS,
to the predicted elastic buckling stress, F;.. The required
values of FS are 2.0 when the buckling stress is elastic and
% when the buckling stress equals yield stress at design
temperature. A linear variation is used between these
limits. The equations for FS are as follows:

FS = 2.0 if F, < 0.55F,
= 2407 — 0741 F/F, if 0.55 Fy< Fe < F,
= 1.667 if F > F,

Note that F;. is the predicted buckling stress that is
calculated using FS = 1 in the.allowable stress equations
in (c).

(c) Allowable Stresssand External Pressure for Cylin-
drical Shells. The allowable external pressure in the
absence of other\leads, P,, calculated using these rules
shall be greater than or equal to the external design pres-
sure, P, ie, Py, = P.

The-allowable external pressure for stiffened and
unstiffened cylindrical shells is given by the following
equation:

P, = minimum of P, and P,
where

Py = 2Fu4(t/Do)

P, = 1.067F,(t/D,)

The allowable external pressure is based on a circum-
ferential compressive stress that is the lesser of Fp,, and
2/3Fy at a hydrostatic test pressure of 1.25P, where

Fra = F,/FS if Fe/F, 2 2.439
(0.7F, /FS) (Fre/F,)** if 0.552 < Fy,/F, < 2.439
Fre/FS if Fpe/F, < 0.552

accordance with the requirements of ASME BPVC,
Section VIII, Parts UCS, UHA, and UHT for a Division 1
design or paras. 6.4 and 6.6 of the ASME BPVC for a Divi-
sion 2 design. In addition, spherical shells and spherical
segment heads shall be postweld heat treated regardless
of thickness. The PWHT shall be done prior to the external
pressure test.

and where

C, = 0.55(t/D,) if My = 2(D,/t)**
1.12 M, 158 if 13 < M, < 2(D,/)>**
= 092 / (My - 0.579) if 1.5 < M, < 13
1.0 if M, < 1.5
1.6C,E(t/D,)

Fhe

(d) Sizing of Stiffener Rings
(1) Small Rings
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I, > 1.5F, LR t/E(n* — 1)

where Fy, is the stress determined from (c) with M, = M;

2 = 20,32 /3152

Use n = 2 for n® < 4 an

d n = 10 for n? > 100.

(2) Large Ring Acting as a Bulkhead

I, > FyfLgR*t/2E

and

2 <n<141\/(R/T)

(3) All requirements of ASME BPVC, Section VIII,
Division 1, UG-80(a) or Division 2, 4.3.2.1 are applicable.
The requirements of ASME BPVC, Section VIII, Division 1,
UG-80(b)(3), (b)(6) through (b)(8), and (b)(10) or Divi-
sion 2, 4.4.4.1(c) and 4.4.4.1(e) through 4.4.4.1(h) remain

where Fjoris Fy, which
with M, = M;. The terms
are those associated wit
Ir and Ap.

(3) Stiffener Geo
geometry requirer
Figure 1-7.13.1-2 for s
of terms.

(-a) Flat bar stiff
outstanding leg of an a

hy/t <

(-b) Web of a te

is the stress determined from (c)
I, A, and Zg in the equation for I’
h the large ring geometry, such as

metry Requirements. Stiffener
hents are as follows. See

iffener geometry and definition

ener, flange of a tee stiffener, and
hgle stiffener

0.375(}3/1:y)1/2

b stiffener or leg of an angle stif-

fener attached to the shell

hz/fz

(e) Tolerances for
External Pressure. Cylin

< 1.0(15/13)1/2

Cylindrical Shells Subjected to
rical shells shall meet the toler-

ances as specified herein. These tolerance requirements

replace some portions
Section VIII, Division 1,
place of the maximum dd
ASME BPVC, Section VII
sion 2, 4.4.4.1(b), the fd
(1) The maximum
true circular form, e, s
by the following equati

e = 0.016
Note that e need n

exceed the lesser of 0.0
(2) Measurements

f those specified in ASME BPVC,
UG-80(b) or Division 2, 4.4.4. In
viation requirements specified in
, Division 1, UG-80(b)(2) or Divi-
llowing requirements apply:

plus or minus deviation froma
hall not exceed the value given

DN
St(M,, + 3.25)1:062

bt be less than 0.2t and shall not
242R or 2t
Lo detefmine e shall be made from

a segmental circular te
radius and placed on t

plate having the design outside
e ‘outside of the shell. The chord

Cll.llJ}lLdllch

(4) The local deviation from a straight line, e,,
measured along a meridian over a gauge length, L,,
shall not exceed the maximum permissible deviation,
ey given below.

ey = 0.002R
Ly = 4 J(Rt) but not greater than L for cylinders

= 25t across circumferential welds

L, < 95% of the meridional distance between circumfer-
ential welds.

1-7.13.5 Minimum Required Thickness for Unstif-
fened Spheres and Formed Heads

(a) Limitations. The allowable pressure for spheres and
spherical segments is dexrived using the following iterative
procedure. This procedure applies to spheres and hemi-
spherical formed héads directly.

An adjustmentiis made for 2:1 ellipsoidal heads. These
rules do not apply to other shaped ellipsoidal or to tori-
spherical heads. For PVHOs not conforming to these and
the follewing limitations, the external pressure design
shallbe as required by the specified Division of ASME
BPVC, Section VIII.

(1) The maximum outside radius, R,, shall not exceed
60 in. (1500 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 (c) using

R, = 09D,

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

length, L, is given by the following equation:
L, = 2R sin(x/2n)

where
d
n = C[J(R/T)/(L/R)]
c = 2.28(R/t)*>* < 2.80
d = 0.38(R/t)*%* <

0.485

|
pruttuurtc.

Step 1. Calculate the value of € from the following two

equations:
C = the larger of C; or C,
Cl _ 0.75PT
Ey
1.79PT
C, =
2 E
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Step 2. Enter the left ordinate of Figure 1-7.13.5-1
with the value of C calculated in Step 1. Move horizontally
to an intersection with the solid curve. Extrapolation
beyond the upper or lower limit of the curve is prohibited.
When values of C fall outside the limits of Figure
1-7.13.5-1, the design shall follow the rules of ASME
BPVC, Section VIII, Division 1, UG-28(d) or Division 2,
4.4.7.

Step 3. From the intersection obtained in Step 2,

PT,notless than 1.25P, to be marked on the vessel. The test
pressure shall be maintained for no less than 1 hr.

(b) Post-Test Measurements. Measurements for deter-
mining 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 paras. 1-7.13.4(e)
and 1-7.13.5(d) shall be corrected, and the external pres-
sure test shall be repeated.

move vertically down and read the required minimum
ratio of thickness to outsid¢ radius, t/R,. This required
minimum ratio applies to|the spherical shell for the
chosen material yield stregngth, elastic modulus, and
test pressure.

Step 4. Determine the thinimum required thickness,
t, for the given outside radigs, R,. The value of t shall be
neither less than %; in. (10 nfm) nor greater than 2 in. (50
mm). If the maximum thickness of the spherical shell
including corrosion allowapce exceeds 2 in. (50 mm),
the rules of ASME BPVC] Section VIII, Division 1,
UG-28(d) or Division 2, 4.4 |shall apply.

(d) Tolerances for Sphdrical Shells and Spherical
Segments Subjected to Exterpal Pressure

(1) Out-of-Roundness. The difference between the
maximum and minimum inside diameters at any cross
section shall not exceed 1% of the nominal inside diameter
at the cross section under donsideration. The diameters
may be measured on the inside or outside of the sphere. If
measured on the outside, thd diameters shall be corrected
for the plate thickness at the cross section under consid-
eration. When the cross gection passes through an
opening, the permissiblg difference in the inside
diameters just given may pe increased by 2% of the
inside diameter of the openjing.

(2) Local Shell Toleragces. The maximum plus or
minus deviations from trug¢ spherical form, measured
radially on the outside or ifiside of the vessel, shall not
exceed 0.5% of the nominal qutside radius of the spherical
shell and shall not be abrupt.Measurements shall be hade
from a segmental template|having the design inside or
outside radius (depending ¢n where the measurements
are taken) and a chord lgngth, L., equal to the arc
length determined as follows: Using-the required
minimum ratio of thicknesq to the gutside radius, t/R,,
obtained in Step 3, moye vextically upward on
Figure 1-7.13.5-1 to the intgrsection of the dashed lme
Move horizontally to the ti a
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 Pressure Testing for Alternative Design
Rules. All vessels designed in accordance with
para. 1-7.13 shall be tested using the following methods:
(a) Test Pressure. The pressure vessel shall be
subjected to an external hydrostatic pressure test that
subjects every part of the vessel to an external pressure,

(c) Strain Gauging. As part of the hydrostatic test, strain
gauges shall be applied to the pressure hull. Gauges shall
be applied at hard spots, discontinuities, high-stress
regions, and other locations deemed appropriate. Appro-
priate strain gauge types (single gauge or biaxial/triaxial
strain gauge rosettes) shall be used at each location. A
drawing(s) shall be created indicating the locations;ef
the gauges on the pressure hull. At the conclusioh of
the test, a hydrostatic test report shall be created/This
report shall include strain gauge locations, strain gauge
type at each location, the criteria used to<Select the
strain gauge locations, and the measured\stress results.
The test report shall also include a edmparison of calcu-
lated and measured stresses, and.an’evaluation of any
significant differences betweefn these stresses. The
strain gauge plan and copies-of the test report shall be
provided to the user and any-authorities having jurisdic-
tion.

1-7.14 Hatch Design

Hatches that do not use bolts for attachment may be
designed in*accordance with the requirements of ASME
BPVC, Section VIII, Division 1, Mandatory Appendix 1,
1-6(g) with the following conditions:

(a)~The circular centerline of the spherically dished
head shall pass through the centroid of the flange.

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

(c) Ifan 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 ASME BPVC, Section VIII, Division 1, Mandatory
Appendix 1, 1-6(g) and that calculated from para. 1-7.13.

(f) The de51gn of doors and hatches shall have a safety

door or hatch. The safety 1nterlock system shall not
permit pressurization of the door or hatch unless the
door/hatch closure is fully engaged.

1-7.15 Rectangular Door Design

If rectangular openings are employed in ASME BPVC,
Section VIII, Division 1 or Division 2 construction, a
detailed analysis of the interaction of the entire assembly
(i.e., door, door frame, adjacent shell, and relative
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appurtenances) shall be performed to ensure the design is
adequate for the intended application. For Division 2
vessels, the analysis shall be performed in accordance
with ASME BPVC, Section VIII, Division 2, Part 5. For Divi-
sion 1 vessels, see ASME BPVC, Section VIII, Division 1,

U-2(g).

1-7.16 Supports and

Attachments

(1) The required marking on the nameplate shall be
in characters notless than %, in. (4.0 mm) high, except the
lettering “PVHO-1” shall not be less than % in. (9.5 mm)
high and shall be legible.

(2) Characters for metallic nameplates shall be
either indented or raised at least 0.004 in. (0.10 mm).

(d) Thenameplate may be marked before itis affixed to
the vessel, in which case the manufacturer shall ensure
that the nameplate with the correct marking has been

Consideration shall
(a) The design shall
transmitted to the PVH
(b) Only those mater
used for welded lifting
shall be compatible wit]

1-8 PRESSURE RELIL

Unless otherwise spe
shall be met for pressurg

(a) The applicable
Section VIII, Division
Section VIII, Division 2,

(b) A quick-operatin
installed between the
valve, and shall be norn
seal as permitted in ASN
UG-135(e) and Nonman
2, Annex 9.A. The valve

aiven—to-the-following:
onsider the external local forces
D.
ials permitted for shells may be
attachments, and the material
h that of the shell.

EF DEVICES

ified, the following requirements
reliefdevicesinstalled on PVHOs.
requirements of ASME BPVC,
1, UG-125 through UG-136 or
Part 9 shall be met.

g manual shutoff valve shall be
PVHO and the pressure relief
ally sealed open with a frangible
IE BPVC, Section VIII, Division 1,
datory Appendix M, and Division
shall be readily accessible to the

attendant monitoring the operation of the PVHO.

(c) Rupture disks sh
upstream of pressurg
leakage, and shall meet
of the ASME BPVC.

1-9 MARKING

(a) Each PVHO shall
(1) designation of
(2) name of the maj
preceded by the words
(3) maximum all
(MPa gauge) (intern
(external) at °F (°C) m{
(4) manufacturer’y
(5) year built
(6) design criteria:
6, or 7 as applicable)

hll not be used, except in series
relief valves to prevent gas
hll other applicable requirements

be marked with the following:
this Standard, PVHO-1
nufacturer of the pressurevessel,
“Certified by”

wable working.pressure, psig
h1) and/or psig-(MPa gauge)
ximum and, °F)(°C) minimum
serial number

PVHO;1-2019; Section(s) (e.g. 5,

applied to the proper vessel.

(e) The nameplate shall be permanently attached to the
vessel or to a pad, bracket, or structure that is welded or
soldered directly to the vessel. The nameplate shall be
located within 30 in. (76 cm) of the vessel. Removal
shall require willful destruction of the nameplate or’its
attachment system.

(f) In addition to the requirements of (a) through (d),
the applicable stamping requirement of the spécified Divi-
sion of ASME BPVC, Section VIII shall be met.

1-10 NONMETALLIC MATERIALS-AND TOXICITY
OFF-GAS TESTING

(a) All nonmetallic matérials off-gas volatile
substances that may beltexic. The rate of off-gassing
increases with increasing temperature and decreases
with increasing age'of the material (e.g., plastics and
paint).

(b) In PVHOs-whose primary means of life supportis by
ventilation of'the atmosphere and/or by mask supply from
an extermal gas source, off-gassed volatiles are continu-
ously removed and are normally not of consequence,
such.that the procedures in (d) need not apply.

{¢) InPVHOs where the primary means oflife supportis
by addition of oxygen and removal of carbon dioxide
(COy), off-gassed volatiles will accumulate. Thus, after
fabrication and completion of all outfitting, the toxicity
off-gas test procedures in (d) are required of any such
PVHO that has internal paint or contains nonmetallic
materials (other than acrylic windows).

(d) Toxicity Off-Gas Testing Procedures

(1) Internally pressurized PVHOs should be pressur-
ized to MAWP atleast once and then thoroughly ventilated
prior to doing the off-gas testing.

(2) Where the normal duration of PVHO occupation
is less than 8 hr, the PVHO shall be sealed and maintained
at maximum operating temperature for at least 8 hr, after

(b) The marking described in para. 1-9(a) shall be on a

nameplate substantially as shown in either Figure 1-9-1 or
Figure 1-9-2, 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.

(c) Nameplates shall have markings produced by
casting, etching, embossing, debossing, stamping, or
engraving, except that the “PVHO-1" lettering shall be
stamped on the nameplate.

which time atmospheric gas samples shall be obtained
from inside the PVHO and analyzed. The off-gassing
test shall be performed with all openings sealed and
with the PVHO at 1 atm (nominal), regardless of
MAWP. However, a slight pressurization of the PVHO
(prior to closing or sealing) may be used to aid in obtaining
gas samples.
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(3) The gas sample shall be analyzed using appro-
priate gas chromatography/mass spectrometry (GC/
MS) methods. The concentration level of volatile
compounds shall not exceed the threshold limit values
(TLVs) set forth in the current edition of ACGIH Threshold
Limit Values for Chemical Substances or the OSHA permis-
sible exposure limits (PELs) setforthin 29 CFR 1910.1000,
as stipulated by the user. If any of those limits are
exceeded, the PVHO shall be well ventilated with clean

tubes (e.g., Draeger, Gastec). Evaluation of the test results
shall be in accordance with (3), (5), or (6), as applicable.

(9) Where potential sources of mercury vapor are
anticipated, on-site testing for its presence should be
done using either color-change indicator tubes with a
sufficiently low detection limit or a gold-film-type
analyzer. Evaluation of test results shall be in accordance
with (3), (5), or (6), as applicable.

(10) If the total halogen concentration can be shown

air, and the procedure shall be repeated until satisfactory
results are obtained.

(4) The use of higher
durations to “bake out” so
to testing is permitted. (
exceed the design temperat
acrylic windows.

(5) Where normal dur
exceed 8 hr, the previous pro
tion that the PVHO shall b

emperatures and/or longer
irces of contaminants prior
are shall be taken not to
ire of components including

ations of PVHO occupation
redures apply with the excep-
e sealed and maintained at

maximum operating temlperature for at least the

maximum duration of expo
TLVs (or OSHA PEL values
be modified by multiplyin

bure anticipated. The ACGIH
) used for evaluation shall
b them by a value of Fp as

shown in Table 1-10-1 (linear interpolation is permitted).

(6) Where normal dugations of PVHO occupation
exceed 24 hr, the duration of|off-gas may be less, provided
that the quantification and ileporting limits are less than
the allowable limits divided by the ratio of occupation
duration divided by test |duration. And the results
obtained would then be extrapolated by multiplying by
the same ratio of occupation gluration divided by test dura-
tion. For example, in the cas of “screening” [see (10)], if
the anticipated occupation duration is 5 days, the off-gas
duration may be limited to 24 hr, with the results multi-
plied by 5, provided that the|quantification and reporting
limits were less than 5 parts per million (ppm) (vs. 25 ppm
allowed) for total hydrocarhons and 2 ppm (vs. 10 ppm
allowed) for total halogens. However, if the extrapolated
results (after multiplying by|5) exceeded 25 ppm and/or
10 ppm, respectively, then the quantity of gas sa@mple for
GC/MS analysis would need to be sufficientsto provide
quantification and reporting limits of-20 parts per
billion (ppb) (vs. 0.1 ppm). And if that were'not practical,
then the time ratio used in the testing would need to be
appropriately less.

(7) For PVHOs that us¢ hydtroxide absorbents (e.g.,
LiOH, soda lime) for the rempval of carbon dioxide (CO,)

to be less than 10 ppm, and the total hydrocarbons
(expressed as methane) can be shown to be less than
25 ppm, then the GC/MS analysis and evaluation need
not be done. However, if either of those limits is exceeded,
the GC/MS analysis and evaluation are required.

1-11 RISK ANALYSIS

The PVHO designer shall implement and docurhént an
established standard or procedure (such as‘-failure-
modes, effects, and criticality analysiscor-a safety-
hazards analysis) for evaluating and mitigating potential
risks associated with the PVHO and ,associated systems.
Potential hazards shall include both-hardware failure and
operator error. The risks identifi€d shall be evaluated and
mitigated to a level acceptable\by the user or appropriate
authority. Mitigation and<protective measures may
include design features that minimize the probability
of occurrence, inspectioh and tests during and following
fabrication, implementation of safety and/or warning
devices, protective systems, and caution or warning
procedures and labels. The risk analysis results shall
be retained by the designer in accordance with para. 1-7.9.

1-12_LITHIUM BATTERIES
1-12.1 Scope

The requirements of this subsection apply to recharge-
able and nonrechargeable lithium batteries that are used
as the main or emergency source of power for the PVHO.
These include, but are not limited to, lithium ion, lithium
alloy, lithium metal, and lithium polymer type batteries, or
other lithium battery chemistries that have the potential
for self-sustaining energy release.

1-12.2 Exclusions

Lithium batteries used for portable equipment, e.g.,

(19)

the concentrations of trichloroethylene, vinylidene
chloride, methyl chloroform, and acetylene dichloride
shall not exceed 0.1 ppm, regardless of their ACGIH
TLV (or OSHA PEL) or duration of occupation; i.e.,
Table 1-10-1 does not apply to those four compounds.
(8) Where reactive compounds (e.g., ammonia,
chlorine, hydrogen sulfide, sulfur dioxide) are anticipated,
on-site testing for the presence of these compounds
should be done using appropriate color-change indicator

10

Taptops, cell phones, cameras, or other portable equip-
ment, are not included under the scope of these require-
ments.

1-12.3 Certification

Lithium batteries shall be certified by a third-party
independent agency, e.g., Underwriters Laboratories
(UL) or Canadian Standards Association (CSA), as
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complying with the requirements of one of the following

standards:
(a) Section 38.3, UN

Manual of Tests and Criteria

(b) UL 1642, UL Standard for Safety of Lithium

Batteries
(c) other equivalent

recognized national or interna-

tional standards for lithium batteries

1-12.4 Installation

(a) Unless otherwis
authority, lithium bat
the occupied pressure

(b) Allinstallations s
prevent inadvertent sh

lithium batteries (e.g., 1

(c) Prior to installati
out for evaluating and
ciated with the lithium

(3) Water intrusion sensors, fire detectors, and pres-
sure and temperature sensors, as appropriate, shall be
provided within the housings. These devices shall activate
audiovisual alarms in order to alert the PVHO operator of
an adverse event (e.g., a fire or water leakage) within the
housing.

(4) When the battery housings are contiguous with
the pressure boundary of the PVHO, these housings shall
meet the “A60” structural fire protection rating as defined

permitted by the jurisdictional
ries shall be installed outside
oundary of the PVHO.

all include appropriate means to
prting between the terminals of
onshorting caps).

n, a risk analysis shall be carried
mitigating potential risks asso-
battery installation, as well as

the normal and emergency operating procedures.

1-12.5 Battery Housings

Lithium batteries ma3
housing or a pressure-d
(a) General Require
housing lithium batte
general requirements:
(1) The housings s
are as far away as pr
compressed gas cylindet
(2) The housings
from direct impact load
while in service (e.g., d
battery housing shall als
shock loads.
(3) The housings
pressure relief (such
order to relieve any pd

y be installed in either a 1-atm
ompensated housing.

ments. All battery installations
ries shall meet the following

hall be installed in locations that
icticable from sources of heat,
s,and acrylic windows on PVHOs.
thall be mechanically protected
. For PVHOs that are transported
jving bells or submersibles), the
o be protected from acceleration

hall be provided with means,of.
as blowout plugs or vents)\in
tential pressure buildup-within

the housing due to malfunctioning batteries. The

discharge of the mea
vented as far away as

s of pressure relief-shall be
racticable from sources of heat,

compressed gas cylindeys, and acrylic windows on PVHOs.

(4) All electrical

ircuits shall_be insulated and

isolated from the strucfural elements of the housings.

(5) The housings shall be labeled appropriately and
shall be provided with apprépriate signs warning person-
nel against inadvertent|abuse.

(b) 1-atm Housings. When lithium batteries are
installed in 1-atm housings, the following additional re-
quirements shall be met:

(1) Thehousings shall be designed to permit purging
and charging of the internal atmosphere with inert gas, so

as to minimize the oxyg
mable limit.

by the IMO International Code for Application of Fire Test
Procedures (FTP Code), or equivalent recognized stan-
dards.

1-12.6 Battery Management System (BMS) for
Rechargeable Batteries

Rechargeable lithium battery installations<shall be
provided with an electronic BMS.
(a) The BMS shall provide means for
(1) monitoring the state of charge andstate of health
of the batteries
(2) charge control to prevent oyvercharging/under-
charging and voltage reversal
(3) discharge control to)prevent overdischarging
(4) intermodule anddintramodule balancing of the
cells
(5) overcurrent(short circuit) protection to prevent
overcurrent discharge
(b) The BMS:shall provide real-time performance
monitoring of‘the following parameters:
(1) voltages (cell level and module level)
(2)"~currents (cell level and module level)
(3] state of charge and state of health (module level)
(4) temperature (module level)
(c) Appropriate sensors and audiovisual alarms shall
be provided to alert the PVHO operator when the para-
meters in (b) are outside their allowable limits.

1-12.7 Protection for Nonrechargeable Batteries

Nonrechargeable lithium battery installations shall be
provided with the following:

(a) over-temperature protection

(b) overcurrent (short circuit) protection

(c) voltage reversal protection

1-12.8 Testing

en concentration below the flam-

(2) All of the electrical equipment within the hous-
ings shall be of the explosion-proof type.

11

fe—Hithitmbatteries—exposed—to—ambient-pressures
exceeding 1 atm shall be hydrostatically pressure
tested prior to being placed in service. The pressure
testing shall be carried out to the maximum rated
depth of the PVHO. Satisfactory operation of the batteries
shall be demonstrated during this pressure testing.

(b) For rechargeable batteries, functional testing of the
BMS (see para. 1-12.6) shall be carried out.
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(c) Fornonrechargeable batteries, functional testing of
the battery protection devices (see para. 1-12.7) shall be

carried out.

1-12.9 Charging

(a) For rechargeable lithium batteries, the charging
procedures shall be documented in the operations and

maintenance manuals of the PVHO.

Lball fo1l

software (code) analysis, testing, and validation, with
the level of rigor applied being commensurate with the
potential level of risk. The following shall apply to
PVHOs that employ software to monitor and/or
control safety-critical systems or functions.

The PVHO designer shall implement and document a
software safety analysis (including analysis, testing,
and validation) that is in accordance with an established
standard or procedure. Examples include (but are not

(b) Asaminimum, the ch
the battery manufacturer’s 1
fications.

(c) Charging of lithium b
while the PVHO is not in s
turer-specified battery charj

1-12.10 Replacement

(a) Lithium batteries (ind
be replaced, taking the follg
(1) manufacturer’s rec
tions
(2) visual inspection
(3) deterioration of pe
(b) The replacement shza
PVHO is not in service.

1-12.11 Manuals and Re

(a) The normal and emer
nance procedures for the us

|
St pProctaurCsSaT ooy

ecommendations and speci-

ntteries shall be carried out
ervice, using the manufac-
bers.

luding individual cells) shall
wing into consideration:
mmendations and specifica-

Fformance
1l be carried out when the

tords

bency operating and mainte-
P of lithium batteries shall be

documented in the operations and maintenance manuals

of the PVHO.

(b) As a minimum, these
battery manufacturer’s reco
tions.

(c) The emergency proc
such as fires, thermal runaw
ardous gas buildup, low-ten]
shocks, and stored energy |

(d) Any special measures
inating potential risks [see p|
mented in the operations af

(e) Alogshallbe maintain
such as the installation date
the batteries.

procedures shall follow the
mmendations and specifica-

bdures shall address events
hys, short circuits, leaks, haz-
perature charging, electrical
azards, as applicable.
taken for mitigating ot elim-
ara. 1-12.4(c)] shallbe' docu-
id/or maintenance manuals.
bd to record vitabinformation
and maintenance history of

1-13 AUTOMATIC CONTII!OL AND SOFTWARE

limited to) the (DOD) Joint Software Systems Safety Engi-
neering Handbook and (FDA) General Principles of Soft-
ware Validation: Final Guidance for Industry and Staff.

This safety analysis shall be performed by a qualified
person other than the software developer, and the results
of the software safety analysis, testing, and/or validation
shall be retained by the designer in accordance with
para. 1-7.9.

Additionally, there shall be an independent methdd of
monitoring and manually controlling all ¢ife-critical
systems. If applicable, the risk analysis should consider
risks potentially associated with cophection to the
Internet and/or third-party data centers:

1-14 OPERATIONAL PRESSURE CYCLE

Before a PVHO may be put’into service, a registered
Professional Engineer, orssimilar, knowledgeable about
the design and intended usage of the PVHO system
shall review the User'Requirements and all other available
design and usage information to assess the need to require
tracking of pressure cycles during operation of the PVHO
chamber/components/system (e.g., for fatigue analysis,
fracture_ mechanics analysis, and fitness-for-service
asse$sments). If it is determined that tracking of opera-
tional pressure cycles is required, a definition(s) for
“gperational pressure cycle(s)” shall be provided by a
registered Professional Engineer, or similar, knowledge-
able about the design and intended usage of the PVHO
system. This definition shall include all relevant para-
meters (e.g., pressure, temperature, and time) that
impact the minimum pressure differential that shall be
recorded during usage to track available life for the
PVHO chamber/component/system. It should also
include any threshold conditions beneath which an
increase in pressure should not be counted as a pressure
cycle. Various components may require their own unique
definition of an operational pressure cycle.

(19)

SAFETY

Software risk is a function of the potential severity of

mishap in conjunction with the degree of autonomy
exerted by the software. The risk mitigation consists of

12
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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

1

. Design criteria
2
3. Manufactured for

. Manufactured and certified by

4. Location of installation

5. Type

(drawing no.) (manufacturer’s serial no.) (year built)

6. The chemical and physical properties of all parts meet the requirements of material specifications of ASME PVHO-1-________________
year,

and Addenda to

and Case nos. . In addition, the design, construction, and

workmanship confo

Code Case nos.

(date)

Fm to ASME Section VIII, Division and Addenda to and

(10r2) (year) (date)

. Constructed for max

at a maximum tempgrature of

of ps

8. Service: Fatigue ana|

9. Windows: Certificati

mum allowable working pressure of psi (internal) and/or psi (external),

°F and /or minimum temperature of °F, and hydrostatic test pressure

(internal) and/or psi (external).

ysis required

(yes or no) (describe service)

bn Reports, properly identified and signed by the window fabricator, are attached for the following_items:

No.

Nominal
Thickness

Diameter

Location Type or Size How Attached

10. Manufacturer’s Data|

and properly identifi

additional items, if n

Report/Partial Data Reports, completed in accordance with ASME.BPVC, Section VI, Division
(1or2)

d and signed by Commissioned Inspectors, are attached for the following items (use PVHO-1 Form GR-1S for

bcessary):

Data Rep

rt Remarks (Name of Part, Manufacturer's Name, and Identifying Stamp)

User’s Design Specifi
Manufacturer’s Desig
User’s Design Specifi
Manufacturer’s Desig

CERTIFICATION OF DESIGN

ation on file at

Report on file at

PE. State
PE. State

ation certified by. Reg. no.

Report certified by Reg. no.

CERTIFICATION OF COMPLIANCE

We certify that the st

vessel conform to the] ASME Safety Standard for Pressure Vessels for Human Occupancy (PVHO-1).
ASME Certificate of Authorization

Date

{

eménts made in this report are correct and that all details of material, construction, and workmanship of this

, Certificate no. Exp. date

(U or U2)

, 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.

13
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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. Type
(drawing no.) (manufacturer’s serial no.) (year built)

Data Repor] 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.

14
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Figure 1-7.13.1-1 Geometry of Cylinders
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Figure 1-7.13.1-2 Stiffener Geometry
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Figure 1-7.13.5-1 Values of t/R, and L./R,
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Figure 1-9-1 Form of Nameplate, U.S. Customary Units

PVHO-1
Certified by

(name of manufacturer)

psi internal ___ psiexternal
(maximum allowable working pressures)

°Fmaximum| _ °F minimum
(design tempgrature range)

(manufacturer’s serial no.) (year built)

(design [riteria)

Figure 1-9-2 Form of Nameplate, SI Units

PVHO-1
Certified by

(name of manufacturer)

MPainternal |_____ MPa external
(maximum allowable working pressures)

°Cmaximum | °Cminimum
(design tempgrature range)

(manufacturer’s serial po.) (year built)

(design| criteria)

Table1-10-1 Conversion Factor, Fp (for PVHO Occupation
Exceedipg 8 hr)

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
7 days 0.37
14 days 0.32
30 days 0.28
60 days 0.26
90 days (or longer) 0.25

18
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Section 2
Viewports

2-1 GENERAL
2-1.1 Scope

This Standard covers
original construction an|
during the service life

The windows covered
use only in chambers Y
defined by

(a) maximum allowz:
design pressure

(b) maximum temper
design temperature

(c) pressure cycles, :
ture

2-1.2 Exclusions

The windows covered
for chambers where an
design parameters are

(a) The operating ter
to 150°F (-18°C to 66°

(b) The pressurizatig
be less than 145 psi/se

(c) The fluid (externs
seawater, air, or gases

(d) The number of pr
of the operational life
10,000 cycles or 40,00

(e) The maximum
exceed 20,000 psi (138

windows manufactured during
d windows used as replacements
f the chamber.

by this Standard are intended for
vith window service conditions

ble working pressure, equal to
ature at design pressure, equal to

t design pressure and tempera-

by this Standard are notintended

b of the following restrictions on

bxceeded:

hperature shall be within the 0°F

) range.

n or depressurization rate shall

c (1 MPa/s).

1 or internal) shall be only watef

1sed in life-support systems:

bssure cycles or the total duration

pf the window shall not-exceed
hr, respectively.

perational pressure shall not
MPa).

(f) The exposure to nficlear radiation/shall not exceed 4

Mrad.
(g) The design life of
time limits specified in

the windows shall not exceed the
para«2-2.7.

ofthe window throughout all processes associated with its
manufacture.

2-1.3.2 Additional Requirements. In addition to the
overall window certification, the following certifications
shall be required for a window to be considered ac¢cept-
able for use in chambers:

(a) a design certification for each window and
matching viewport assembly that shallsinclude a
summary of engineering calculations and oy a description
of the experimental method and data used to verify
compliance of the window design with the requirements
of this Standard (see subsectioir2-2 for design require-
ments).

(b) a material manufacturer’s certification for each lot
of acrylic that shall certify that the material meets or
exceeds the minimunryalues of physical properties speci-
fied in Table 2-3.4:1\for each lot and verify for each casting
or lot (see subsection 2-3 for material certification re-
quirements);

(c) amaterial certification for each window shall certify
that the‘thaterial meets the minimum values specified in
Table 2-3.4-2 and that these properties have been experi-
mentally verified. Average values specified in Table
2-3.4-2 shall be reported (see subsection 2-3 for material
certification requirements).

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

2-2 DESIGN
2-2.1 General

The manufacturer of the chamber shall be responsible
for ensuring that the viewport design is adequate for the

2-1.3 Certification

Each window shall be individually identified by the
window fabricator in accordance with para. 2-6.1.

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 traceability

design conditions of the chamber. Particular attention
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
design pressure.

An ASME PVHO-1 acrylic window may be assigned more
than one pressure-temperature rating, provided

(a) The window is in complete compliance with
Section 2 for each pressure-temperature rating.
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(b) PVHO-1 Form VP-2 (Acrylic Window Design Certi-
fication) must be completed and signed for each pressure-
temperature rating.

(c) The pressure test shall be performed at the pres-
sure-temperature rating that requires the largest
minimum thickness, t (calculated). If the minimum thick-
ness is the same, the pressure test shall be performed at

the highest pressure.
(d) The window shall be

marked in accordance with

2-2.4 Determination of Conversion Factorby Table
Method

2-2.4.1 Temperature. When selecting the conversion
factors from Tables 2-2.3.1-1 through 2-2.3.1-5, tempera-
ture ranges shall be chosen on the basis of highestambient
sustained temperature expected during operation of the
chamber at the design pressure.

(a) If the chamber interior is illuminated by externally

this Standard for each pres

2-2.2 Standard Window

2-2.2.1 Configuration. A
must have one of the stan
Figures 2-2.2.1-1 through 2-
thickness ratios shall comp
Figures 2-2.2.1-1 through
window geometry. (For a
window geometries, see pa

2-2.2.2 Calculation. Cal
critical pressure (STCP)
2-2.2.1-1 through 2-2.2.1-4
the design certification 1
under para. 2-1.3.2(a).

2-2.2.3 Tests. Itshallalso
STCP by conducting a series
scale or model-scale windoy
with the procedure in para,

ure-temperature rating.

Geometry

Crylic windows in chambers
dard geometries shown in
P.2.1-4. Minimum acceptable
y with the requirements of
2-2.2.1-4 for the specific
cceptance of nonstandard
a. 2-2.6.)

culations of the short-term
on the basis of Figures
satisfy the requirements of
equired by this Standard

be acceptable to establish the
of destructive tests on full-
vs performed in accordance
2-2.5.2.

2-2.3 Determination of Dimensions for Standard-

Geometry Window

2-2.3.1 0 psi to 10,000 p
dard window in the 0 psi to
design pressure range sh
window’s STCP and the a

i. The dimensions of a stan-
0,000 psi (0 MPa to 69 MPa)
hll be based solely on the
bproved conversion factor

(CF) for the given maximum ambient temperature,

Minimum STCP values of sf
are given in Figures 2-2.5
values for standard windo
Tables 2-2.3.1-1 through 2-

2-2.3.2 10,000 psi to 20
windows in the 10,000 ps
138 MPa) design pressure
on nondestructive tests in

andard window geometries
1-1 through 2-2.54-15. CF
w geometries are\given in
.3.1-5.

000 psi., The dimensions of
to 204000 psi (69 MPa to
range shall be based solely
the.form of long-term and

mounted neat-generating lights snining through the
windows, the 150°F (66°C) temperature range shall be
mandatory in the selection of conversion factors for all
windows.

(b) If the chamber is not illuminated with externally
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 theSambient
temperature 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 watexr,vuse the average
maximum ambient external and internal air temperatures

2-2.4.2 Pressure. When.ayviewport is subjected to
pressurization from both, sides, the conversion factor
used for the window,'design shall 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 Valuesof Conversion Factors. The values of CF
in Tahles,2-2.3.1-1 through 2-2.3.1-5, D;/Df in Figures
2-2.1041-1 and 2-2.10.1-2 and Table 2-2.3.2-1, and t/D;
in 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
Pressure

2-2.5.1 Calculation Method. The STCP of a window
accepted for service in chambers, without the use of
experimental data, shall not be less than

STCP=CF X P

where

CF = conversion factor
D _—

cyclic pressurizations.

¥ : £ 1
U TIIITIISTUITS Ul dppl uvtctu

windows for this design pressure range are given in
Table 2-2.3.2-1. Only conical frustum windows with
included angle of 90 deg or larger are qualified for this
pressure range.

20
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G CSTEPpTreSSure

Windows having included angles between those shown
in Figures 2-2.5.1-4 through 2-2.5.1-7 are to have a t/D;
equal to that determined for a window of the next smaller
included angle as shown in the appropriate figure. (For
example, a spherical sector window having an included
angle of 100 deg and requiring an STCP in the 5 MPa
to 50 MPa range would be designed using the 90-deg
curve in Figure 2-2.5.1-6.)
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(a) For flat disk acrylic windows, shown in
Figure 2-2.2.1-1, use conversion factors from Table
2-2.3.1-1 and STCPs from Figures 2-2.5.1-1 through
2-2.5.1-3. Short-term critical pressures may also be
experimentally determined according to the procedure
in para. 2-2.5.2.

(b) For conical frustum acrylic windows, shown in
Figure 2-2.2.1-1, use CFs from Table 2-2.3.1-2 and
STCPs from Figures 2-2.5.1-4 and 2-2.5.1-5. Short-term

the magnitude of internal design pressure does not
exceed 5% of the external design pressure.

(i) For NEMO acrylic windows, shown in
Figure 2-2.2.1-4, use CFs from Table 2-2.3.1-3 and
STCPs from Figures 2-2.5.1-14 and 2-2.5.1-15. Short-
term critical pressures may also be experimentally deter-
mined according to the procedure in para. 2-2.5.2.
Windows of this type are accepted for service where
the hydrostatic pressure is applied only to the convex

critical pressures may a
according to the proced
this type are accepted fo
is applied to the base g

(c) For double-beveld
Figure 2-2.2.1-1, use CF
from Figures 2-2.5.1-4
pressures may also b
according to the proced

(d) For spherical sec
edge, shown in Figurg
2-2.3.1-3 and STCPs
2-2.5.1-7. Short-term
experimentally determ
in para. 2-2.5.2. Windo
service only where the
to the convex face.

(e) For spherical sec
edge, shown in Figurg
2-2.3.1-4 and STCPs
2-2.5.1-7. Short-term
experimentally determ
in para. 2-2.5.2. Windo
service only where the
to the convex surface.

(f) For hemispherica
shown in Figure 2-2.2.1
and STCPs from Figure
term critical pressures 1
mined according to t
Windows of this type
where the hydrostat
convex surface.

(g) For cylindrica
Figure 2-2.2.1-3, use
STCPs from Figures
Short-term critical pres

so be experimentally determined
ure in para. 2-2.5.2. Windows of
I service only where the pressure
f the frustum.
d disk acrylic windows, shown in
5 from Table 2-2.3.1-2 and STCPs
ind 2-2.5.1-5. Short-term critical
e experimentally determined
ure in para. 2-2.5.2.
for acrylic windows with conical
2-2.2.1-2, use CFs from Table
from Figures 2-2.5.1-6 and
critical pressures may also be
ned according to the procedure
ws of this type are accepted for
hydrostatic pressure is applied

For acrylic windows with square
2-2.2.1-2, use CFs from Table
from Figures 2-2.5.1-6 and
critical pressures may also be
ned according to the procedure
vs of this type are accepted for
hydrostatic pressure is applied

windows with equatorial flange,
-3, use CFs from Table 2-2.3.1=4
5 2-2.5.1-6 and 2-2.5.1-7. Short-
hay also be experimentally deter-
he procedure in para.\2=2.5.2.
are accepted for,§ervice only
c pressure is.applied to the

acrylic windows, shown in
CFs frofir Table 2-2.3.1-5 and
P-2.5¢158 through 2-2.5.1-13.
ures may also be experimentally

determined according ]

(h) For hyperhemispherical acrylic windows, shown in

Figure 2-2.2.1-4, use CFs from Table 2-2.3.1-3 and STCPs
from Figures 2-2.5.1-14 and 2-2.5.1-15. Short-term critical
pressures may also be experimentally determined
according to the procedure in para. 2-2.5.2. Windows
of this type are accepted for service where the hydrostatic
pressure is applied only to the convex surface, or the
hydrostatic pressures are applied to either surface but
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surface, or the hydrostatic pressures are applied to
either surface but the magnitude of the internal design
pressure does not exceed 5% of the external design pres-
sure.

2-2.5.2 Testing Method. The experimental determina-
tion ofthe STCP of an acrylic window shall be conducted by
subjecting the window to hydrostatic pressure/that is
increased, from ambient, at a constant rate<of approxi-
mately 650 psi/min (4.5 MPa/min). The pressurization
shall take place at the ambient temperature range of
70°F to 77°F (21°C to 25°C) in a flanige that satisfies
the requirements of para. 2-2.9.

The evaluation of a window,design shall be conducted
on a minimum of five full-scale windows or on a minimum
of five model-scale windows plus one full-scale window.

(a) For tests conducted on full-scale windows, the
results generated shall be considered representative
only if the lowest*STCP for any window is at least 75%
of the mean STEP of the other four windows. In such a
case, the STCP value of the window design shall be
taken as-the lowest critical pressure among the five
tests., In-the case where the lowest STCP does not
meet,this criterion, the STCP value of the window
design shall 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
results shall be considered acceptable only if the STCP of
the full-scale window is equal to or above the single lowest
STCP among the five model-scale windows. In case the
STCP of the single full-scale window does not meet
this criterion, four more full-scale windows shall be
tested, and the STCP value of the window design shall
be calculated according to (a), solely on the basis of
the full-scale window tests.

2-2.6 Nonstandard Window Geometries and
Standard Window Geometries With Lower

Clors

2-2.6.1 Case Submittal Procedure. Acrylic windows of
nonstandard geometry, or of standard geometry but with
nonstandard lower CFs, may be submitted for considera-
tion as a Case for adoption by the ASME Pressure Vessels
for Human Occupancy Committee and possible subse-
quent incorporation into the Standard as another stan-
dard geometry or standard CF for windows meeting
the design parameters of subsection 2-2.


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

(a) Prior to submission for review, the window design (c) The pressures to which five individual windows
shall be experimentally verified according to para. 2-2.6.3, shall be subjected are 0.9, 0.8, 0.75, 0.7, and 0.65 times
and the window design, testing procedure, test results, the average STCP established experimentally in
and any other pertinent analytical or experimental para. 2-2.6.4.
data shall be summarized in a clear, concise, and (d) The experimental data points of (c) shall be plotted
legible technical report. on log-log coordinates, and the relationship between

(b) One copy of the report shall accompany the submis- critical pressures and duration of loading shall be repre-

sion for consideration by the Committee. Submission of sented empirically by a straight line. The experimental
the report to the Committee places its content into the points generated in para. 2-2.6.4 with 30-min sustained
public domain for review ahd comment by the public. loading duration shall be plotted on the same graph. The

2-2.6.2 Use in Standatd PVHOs. Windows with testing of any window specimen that has not failed in

. . ) 10,000 hr of sustained loading may be terminated at
nonstandard geometries, of with standard geometries . . : ;
. . that time and its data point omitted from the graph.
and lower CFs, may be incqrporated into chambers for

. . . . (e) The extension of the plotted line to 80,000 hr of
human occupancy providefl their material properties . .
. sustained loading shall exceed the LTPP. The extrapolated
and structural performarjce satisfy the mandatory

. ) failure at 80,000 hr shall be at least two times the design
short-term, long-term, and cyclic proof pressure require-

. pressure.
ments of this Standard. (f) An alternative to the LTPP tests definedfin (b)

2-2.6.3 Testing Criteria. |Windows with nonstandard through (e) shall be sustained pressure loading,ef indivi-
geometries, or with standard geometries and lower dual windows for a duration of 10,000 h¥at design

CFs, shall meet the following mandatory requirements: temperature per one of the following test programs:
(a) short-term proofpressyre (STPP): 4 times the design (1) One window shall be tested¢at a’sustained pres-
pressure, sustained continudusly for a minimum of 30 min sure equal to 0.9 STPP.
without catastrophic failure|at design temperature envi- (2) Two windows shall be tested at a sustained pres-
ronment under short-term pressurization sure equal to 0.85 STPP.
(b) long-term proof pressure (LTPP): design pressure (3) Three windows shall be tested at a sustained
sustained continuously for §0,000 hr in design tempera- pressure equal to 0.8 STPP.
ture environment without datastrophic failure (4) Four windows shall be tested at a sustained pres-
(c) crack-free cyclic proof|pressure (CPP): design pres- sure equal to 0.75;STPP.
sure sustained intermittently during 1,000 pressure (5) Five windows shall be tested at a sustained pres-
cycles of 8 hr each in design temperature environment sure equal t0(0.7 STPP.
without cracking 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 LTPP test.

2-2.6.4 STPP Test Proceflure. The STPP of a window
with nonstandard geometry} or with standard geometry
and lower CF, shall be experimentally verified with a
minimum of five windows) The STPP windows tested
may consist of any combinstion of model-scale (of the 2-2.6.6 CPP Test Procedure. The crack-free CPP of the
same size) or full-scale winflows. window with nonstandard geometry, or with standard

(a) The windows shall b¢ individually pressurized at geometry and lower CF, shall be experimentally verified
650 + 100 psi/min (4.5 £ (.7 MPa/min) in_thé.design on a minimum of two model-scale windows (of the same

temperature environment tp the STPP. size) or a single full-scale window.
(b) Allfive windows shall purvive the STPPtest without (a) The window shall be pressure cycled 1,000 times
catastrophic failure. from zero to CPP in the design temperature environment.

2-2.6.5 LTPP Test Proceflure. The LTPP of a window (b) The length of the individual pressure cycles may
vary from one cycle to another, but the average length

ith tandard t ith standard t . . . :
with nonstandard geometryy QL WIth stancard geometry of the sustained loading and relaxation phases in all of

and lower CF, shall be expenimentally verified as per the : , roat ] -
€ PTesSure cycles shall equal or eXcee T.

following paragraphs, using model-scale (of the same size) (c) At the completion of 1,000 pressure cycles, the

or full-scale windows:
. T . window shall be visually inspected with the unaided
(a) The windows shall be individually subjected to eye (except for correction necessary to achieve 20/20

sustained pressure loading at design temperature. 7
p & 5 P vision) for the presence of cracks.

(b) Each window shall be subjected to a different (d) Absence of visible cracks shall be considered proof

hydrostatic pressure, and the Flurgtlon of sustained pres- that the window design meets the crack-free CPP require-
sure preceding the catastrophic failure shall be recorded. .
ment of this Standard.

22
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2-2.6.7 Test Temperature Criteria. The temperature
of the window, the window test assembly, and its pres-
surizing medium during the performance of proof tests is
allowed to deviate from the specified design temperature
by the following margin:

(a) for the short-term pressurization of para. 2-2.6.4,

+10°F (5.5°C)

(b) for the long-term pressurization of para. 2-2.6.5,

+10°F (5.5°C)

yr from the date of fabrication for t/D; < 0.5 and 20 yr for
t/D; = 0.5.

2-2.7.5 Spherical Sector With Conical Edge, Hyperhe-
misphere With Conical Edge, and NEMO-Type Windows
With Conical Edge Penetrations. The design life of sphe-
rical sector with conical edge, hyperhemisphere with
conical edge, and NEMO-type windows with conical
edge penetrations shown in Figures 2-2.2.1-2 and

2.2 234 4

(c) for the cyclic predsurization of para. 2-2.6.6, +25°F

(14°C)

2-2.6.8 Fixturing. Al|STPP, LTPP, and CPP testing shall
be performed with eaclh window mounted securely in a

test fixture designed to

ithstand the maximum test pres-

sure to which the windpw may be subjected.

(a) The window seat|dimensions of the test fixture for
full-size windows shall be the same as those used for the
viewport flanges with dperational full-size windows.

(b) The window seat|dimensions of the test fixture for
model-scale windows fhall be scaled down from test
fixtures for full-size wihdows.

2-2.6.9 Scaling. Th
window design with nof
dard geometry and lows
and temperature under
through 2-2.6.8, qualifie]
the same geometry and
same or lower design g

2-2.7 Design Life

2-2.7.1 General. The
tion of its geometry, c
service environment.
only compressive or v
longer design life than
tensile stresses. The de
category shall be 20 y
latter category it sha
windows under th
paras. 2-2.7.2 through 1

e successful qualification of a
standard geometry, or with stan-
r CF, for a chosen design pressure
the procedures of paras. 2-2.6.2
5 also other window designs with
same or higher t/D, ratios for the
ressure and temperature.

design life of a window is a func-
nversion factor, t/D; ratio, and
Windows that are exposed to
pery low tensile stresses have a
those that are exposed to high
sign life of windows in the first
", while for the windows in the
1 be 10 yr. The design life of
is Standard istvdefined in
-2.7.8.

2-2.7.2 Flat Disk Wi
windows shown in Fig
quirements of this Stan
fabrication.

2-2.7.3 Conical Frus

dows. The design life of flat disk
re 2-2.2/1-1 and meeting the re-
ard shallNye 10 yr from the date of

conical frustum windows shown in Figure 2-2.2.1-1 and
meeting the requirements of this Standard shall be 10 yr
from the date of fabrication for t/D; < 0.5 and 20 yr for t/D;
2 0.5.

2-2.7.4 Double-Beveled Disk Windows. The design life
of double-beveled disk windows shown in Figure 2-2.2.1-1
and meeting the requirements of this Standard shall be 10
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shall be 20 yr from the date of fabrication.

2-2.7.6 Spherical Sector Windows With Square Edge
and Hemispherical Windows with Equatorial Flange. The
design life of spherical sector windows with square edge
and hemispherical windows with equatorial flange shown
in Figures 2-2.2.1-2 and 2-2.2.1-3 and meeting the require-
ments of this Standard shall be 10 yr from the‘date of
fabrication.

2-2.7.7 Cylindrical Windows for Internal Pressure
Applications. The design life of cylindrical windows
for internal pressure appli¢ations shown in
Figure 2-2.2.1-3 and meeting-the requirements of this
Standard shall be 10 yr 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
Figure 2-2.2.1-3\and meeting the requirements of this
Standard shall>be 20 yr from the date of fabrication.

2-2.7.9-Increase in Cyclic Design Life. For standard-
geometryPVHO viewports having a design pressure ofless
than2;000 psi (13.8 MPa), other than hyperhemispherical
andNEMO types, the number of design pressure cycles can
be increased in excess of that stated in PVHO-1 through
experimental pressure testing procedures, provided the
following procedures and requirements are met:

(a) For each window design, at least one window of
identical shape, dimensions, and design pressure-
temperature rating shall be pressure cycled from zero
to design pressure to determine whether its cyclic pres-
sure 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 seat
dimensions, retaining ring, and seals are identical to
those of the PVHO chamber.

(b) The window shall be pressurized with gas or water.

15 min, or 1.5 times the time it takes for creep to stabilize,
whichever is greater, followed by depressurization that is
to be maintained for a minimum of 10 min or 1.5 times the
time it takes for creep to stabilize, whichever is greater.
The pressurization and depressurization rates shall not
exceed 650 psi/min (4.5 MPa/min).

(c) The temperature of the pressurizing medium
during the test shall be the design temperature for
which the window is rated with a tolerance of +0/-5°F
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(+0/-2.6°C). Brief deviations from these temperature
tolerances are allowed, provided that the deviations 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
window shall be removed and pertinent information
(cycle count, cause, extent of damage, etc.) recorded. If
no damage was noted to the window, new seals may
be installed. The number of cycles credited to the

minimum operational temperatures. Radially compressed
O-ring seals and spherical sector windows with a square
edge are not suitable for such service when the change in
window diameter over the operational temperature range
results in a diametral clearance >0.020 in. (>0.5 mm)
between the window and its seat.

2-2.8.3 Thermal Expansion Clearance Criteria. The
diametral clearance between the window and its seat

window shall be those recorfded at the last visual inspec-
tion prior to seal failure. After the new seal is installed, two
pressure cycles (without [leaks) shall be performed

without credit to ensure p,
stabilization, and creep no
performs satisfactorily, th

oper seating, temperature
'malization. If the new seal
e numbering of test cycles

shall continue from the nyimber recorded at the last

visual inspection prior to s
two cycles.

(e) Atscheduled intervalg
windows shall be visually
crazing, cracks, or permane
tion may be performed wit
from the chamber or test fi

(f) Crazing, cracks, or ex
tion visible with the unaide
necessary to achieve 20/20
failure of the windows an
test report. Permanent defq
in magnitude measured af
shall be considered excessiv

bal failure, minus the above
during the pressure test, the

deformation. This examina-
out removal of the window
Kture.

essive permanent deforma-
d eye (except for correction
vision) shall be considered
d shall be so noted on the
rmation more than 0.001D;
the center of the window
e and shall be cause for rejec-

i}spected for the presence of

tion. The number of credited test cycles shall not exceed

the number of cycles ach
successful inspection.

(g) Pressure test reports
pressure test. Copies of the {
furnished to the purchaser.

(h) Forwindows havinga
10,000 cycles, an extension o
the Standard for each two te
the first 10,000 cycles, up t

(i) The maximum numbé
shall be shown on the Wing

2-2.8 Temperature and

2-2.8.1 Thermal Expans
acrylic shall be taken into :

eved during the previous

bhall certify the results of the
ressure test reports shall be

design pressure design life of
f one cycle may be grantedby
st cycles after completion of
b failure of the testwindow.
r of design pressure cycles
ow Certifications.

Dimensional Criteria

ion~Thermal expansion of
ccount during specification

LClVi‘l:y Clt lllolAilllulll UPC[ CltiUllCl} tCllllJCl atulc D‘lla‘l} llUt
be less than 0.001D, for flat disk and spherical sector
windows with square edges. The external diameter of
the conical frustums and spherical shell windows with
conical edge may exceed the major diameter of the
conical seat in the flange by 0.002D, at maximum opera-
tional temperature, provided the edge of the window is
beveled in such a manner that the conical bearing surface
of the window never extends beyond the bearing&urface
of the seat.

2-2.8.4 Window and Seat Diameter. ‘Theé nominal
diameters of the window and of the window seat in
the flange shall be identical. The actudl diameters at stan-
dard temperature will differ, but §till'will be within the
dimensional tolerances specified{in para. 2-2.12.

2-2.9 Viewport Flanges

2-2.9.1 Contributioh.of Window to Reinforcement.
Due to the difference in moduli of elasticity of the
plastic window-.and the metallic flange, it shall be
assumed in stress calculations that the window does
not providé.any reinforcement for the hull material
around the penetrations.

2-2.9.2 Calculation Method. Any of the analytical or
empirical methods for stress and displacement calcula-
tions acceptable to the applicable Division of ASME
BPVC, Section VIII may be used for dimensioning the thick-
ness, width, and location of the flange around the viewport
penetration.

2-2.9.3 Reinforcement. Reinforcement for penetra-
tions of chambers shall meet the requirements of
para. 1-7.11 and the requirements of the applicable Divi-
sion of ASME BPVC, Section VIII.

2-2.9.4 Requirements for Large Openings. The
following minimum requirements shall be met by view-
port flanges shown in Figures 2-2.10.1-1 through

of the dimensional toleranceforthewindow dianreter
to be shown on the fabrication drawing, when the material
temperature range required by the fabrication
(para. 2-2.4) substantially differs from the operational
temperature range.

2-2.8.2 Shape and Sealing Arrangement. For wide
operational temperature ranges, a window shape and
sealing arrangement should be selected that will
perform satisfactorily at both the maximum and

24

2-2.10.1-4, with a finished diameter opening in excess
of 24 in. (635 mm).

(a) Radial deformation of the window seatat maximum
internal or external design pressure shall be less than
0.002D;.

(b) Angular deformation of the window seat at
maximum internal or external design pressure shall be
less than 0.5 deg.
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Viewport flanges shown in Figures 2-2.10.1-5 through

2-2.10.1-8 do not have

to meet the radial and angular

deformation limits stated in (a) and (b).

2-2.10 Window Seats

2-2.10.1 Dimensional Requirements. The window seat

cavity in the viewport

flange must be dimensioned to

provide the window bearing surface with support

during hydrostatic testin

maximum design press
seat cavities for sta
shown in Figures 2-2.1

2-2.10.2 Surface Fi

re. The d1mens10ns of w1ndow
dard window geometries are
.1-1 through 2-2.10.1-8.

hish. The surface finish on the

window seat cavity ghall be 64 pin. RMS or finer,

except surfaces in con
not exceed 125 pin. RM

act with a bearing gasket shall
S.

2-2.10.3 Corrosion Mitigation. If the window seat is

not fabricated of inhere
the surface of the wind
against corrosion expec
weld overlay of corrosiog
machining is acceptab
painting, anodizing, or

2-2.11 Window Seal

htly corrosion-resistant material,
pw seat cavity shall be protected
ted in the design environment. A
n-resistant material prior to final
e. Other acceptable means are
blating with electroless nickel.

2-2.11.1 General Rejuirements. As primary seals for

standard windo{
Figures 2-2.2.1-1 thro
compressed between
window and retainer r
elastomeric seal may t
a seal ring with O, U, o
seal ring shall be of suffid
compression without pe
and cylindrical windowy{
ring radially compresse

y geometries shown in
igh 2-2.2.1-4, a soft elastomer
the high-pressure face of the
ng shall be acceptable. The soft
hke the form of a flat gasket or
r X cross section. The gasket or
ient thickness to permitadequate
rmanent set. Double-beveled disk
shall use, as a primary seal, a-seal
1 between the cylindrical-surface

of the window facing the pressure and the eylindrical

window seat in the fl
NEMO-type windows 1
an elastomeric potting
the external spherical
lip of the mounting flar

hnge. Hyperhemispherical and
hay also use, asa primary seal,
compound that/adheres to both
surface of the/window and the

ge.

2-2.11.2 Flat Disk Windows. Flat disk windows with

design pressure less th

hn-15/psi (100 kPa) may use, as

tomeric characteristics in the operational temperature
range and environment.

2-2.11.3 Retainer Rings. Whenever a gasket is used as
the face seal, the retainer shall precompress the gasket to
ensure a minimum of 0.01 in. (0.25 mm) compression of
the gasket between the retaining ring and the face of the
axially displaced window at design pressure.

For conical frustum and spherlcal sector wmdows w1th

placement may be calculated on the bas1s of
Figure 2-2.10.1-1, using the specified D;/Dy ratios as
the maximum predicted limits of axial displacement
during pressurization to design pressure based on the
assumption that the minor diameter, D;, of the window
will vertically displace to the Dy of the window.

For flat disks, spherical sectors with square edges, and
hemispheres with equatorial flanges, the magnitude of
maximum axial window displacement may:be calculated
by multiplying the thickness of the bearing gasket by 0.30.

2-2.11.4 Gasket Compression. Thé.compression of the
soft elastomeric gasket by the rétainer ring around the
circumference of the window shall'be uniform. The magni-
tude and uniformity of compfession 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 values of gasket compres-
sion measured*at fastener locations and measured
midway between fasteners shall not differ from each
other by(more than 25%, and the minimum value shall
be equal to or exceed the magnitude of compression speci-
fied\by para. 2-2.11.3 at standard temperature.

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 materials for this applica-
tion.

2-2.11.6 Retainer Ring Design Factor. The retainer
ring and the associated fastening arrangement shall be
designed with a safety factor of 4, based on the ultimate
strength of materials. The design pressure forcing the
window against the retainer ring shall not be less than

5 psig.

the primary seal, an &lastemerie-potting-eompouhe—o=2 11,7 Mimimum Compresston. The mimmum

that, after injection into the annular space between the
edge of the window and the cylindrical surface of the
seat (which have been coated beforehand with appro-
priate primer), shall, after room-temperature cure,
adhere to both the window and the seat surfaces. The
primer and elastomeric potting compound selected for
this application shall be compatible with the window
material, and the potting compound shall retain its elas-
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compression of seal rings shall be governed by the speci-
fications of the seal ring manufacturer for the given seal
ring size and service.

2-2.11.8 Secondary Seal. A secondary seal is required
between the window and the steel cavity seat for flat disks,
spherical sectors with square edge, and hemispheres with
equatorial flange. The secondary seal also serves as a
bearing gasket for the window. This gasket must be
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bonded with contact cement to the metal flange seat.
Thickness of the gasket shall not exceed Y4 in. (3.0
mm). Neoprene-impregnated nylon cloth, neoprene of
90 durometer hardness, and cork gaskets are acceptable
for such application.

2-2.11.9 Seal Ring Grooves

(a) Seal ring grooves are

not permitted in either the

(e) The requirements of paras. 2-2.11.3, 2-2.11.4,
2-2.11.6, and 2-2.11.7 apply to clear viewport retaining
covers. See Figure 2-2.11.11-1 for acceptable configura-
tions for clear viewport retaining covers.

2-2.11.12 Configurations. The configuration of
window mountings and seal arrangements shown in
Figures 2-2.5.1-1 through 2-2.5.1-15 represent designs ac-
ceptable under this Standard and are shown there only for

surface of any window shape or the hearing surface of
the seat in the mounting, urlless data showing that iden-

tical window assemblies th
criteria of para. 2-2.6.6 ard
design certification package

(b) Seal ring grooves are |
in the mounting, provided th|
nonbearing surface of the s
groove shall be beveled wi
0.02 in. (0.25 mm < R < 0.5

2-2.11.10 Edge Seals. Ed
high-pressure faces of wi
containment of O-rings prd
bevel as shown in Figures
shall not exceed 0.12¢ for
hyperhemispheres, 0.5t for
flanged hemispheres and f
pressurization, and 0.1254
square edges and for cylin|
as two-way windows, bo
provided D,/D; > 1.25 and
edge of the plane-bearing s

2-2.11.11 Clear Viewpo
viewport retaining covers
sealed flat disk and conical
PVHO windows in applicati
on the viewport window is
pressure is less than 135
provisions are met:

(a) The thickness of the c
shall not be less than 0.25 iy
ever is greater.

(b) Where retaining screy
viewport retaining cover, the
retaining screws and the co
compensate for thermal exp
cover material. Flat washer]

it have successfully met the
included with the window

ermitted in the window seat

bt the groove is located in the
pat. The edges of the O-ring
h a radius of 0.01 in. < R <
0 mm).

bes of bearing surfaces at the
ndows may be beveled for
vided that the width of the
P-2.11.10-1 and 2-2.11.10-2
spherical sectors, 0.62t for
conical frustums, 0.25t for
r flat disks under one-way
for spherical sectors with
ders. For flat disks serving
th edges may be beveled,
D, is measured only to the
hirface.

[t Retaining Covers. Clear
are permitted for O-ring-
frustum standard-geometry
bns where reverse pressure
not possible and the design
sig, provided the following

ear viewport retaining cover
. (6 mm) or 0.025B, which-

s are used to/secure the clear
clearancehol€s between the
ver shallde large enough to
hinsioand contraction of the
5 shall be used between the

screwhead and clear viewp¢

(c) Provisions shall be made for equalizing the pressure
between the clear viewport retaining cover and the view-

portwindow, e.g.,a 1/16-in. (1.

6-mm) diameter hole located

in the cover inside the O-ring seal diameter.

(d) Acrylic plastic (per AS
and clear polycarbonate pla

TM D4802-02 or equivalent)
stic (per ASTM C1349-04 or

equivalent) are acceptable materials for clear viewport

retaining covers.
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2-2.11.13 Replacement Windows. Replacement
windows for pressure chambers fabricated to design
criteria of ANSI/ASME PVHO-1-1977 or ANSI/ASME
PVHO-1-1981 may incorporate O-ring grooves in
nonbearing surfaces of the window provided

(a) the window meets all the requirements of the 1977
or 1981 edition

(b) the accompanying design certification notés’that
the window is a replacement for an existing.pressure
vessel built to the 1977 or 1981 edition

2-2.12 Dimensional Tolerances and-Surface Finish

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

2-2.12.2 Conical Windows

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

(b) The ineluded conical angle of the window shall be
within-+0:25/-0.000 deg of the nominal value.

(c] Theincluded conical angle of the window seatin the
flange must be within +0.000/-0.25 deg of the nominal
value.

(d) The conical seat in the flange shall not deviate more
than 0.001D, in. from anideal circle when measured with a
feeler gauge inserted between the mating conical surfaces
of the seat and of the window at its outer circumference.
The axial force used to seat the window during this test
shall not exceed 10D, lb (4.53D, kg) applied uniformly
around its circumference.

(e) The major diameter of the conical seat cavity in the
flange must be within +0.002D,/-0.000 of the nominal
value.

- i i s. The concave or

convex 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 CF values (see Tables 2-2.3.1-3 and 2-2.3.1-4 and
Figures 2-2.5.1-6, 2-2.5.1-7, 2-2.5.1-14, and 2-2.5.1-15).
Measurements shall be made from an external segmental
template whose radius falls within the specified dimen-
sional tolerance and whose length is equal to the window’s
included conical angle or 90 deg, whichever is the lesser
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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 temperature

of the particular spherical window geometry.

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

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) Theplane bearing surface of the seat cavity shall not
deviate more than 0.002D, from an ideal plane when
measured with a feeler gauge inserted between the
mating plane surfaces of the flat disk window or a circular
plug gauge and the bare seat cavity. The axial force used to
seat the window or the plug gauge shall not exceed 10D, 1b

window shall be based
for the window.

the type of sealing arrangement

(a) The external dianpeter of the flat disk window shall

be within +0.000/-0.01

0 in. (+0.000/-0.25 mm) of the

nominal value if the window is to be sealed in the seat

cavity with a radially c
(b) The external dian]
be within +0.000/-0.0

mpressed O-ring.
eter of the flat disk window shall
60 in. (+0.000/-1.5 mm) of the

nominal value if the window is to be sealed in the seat

cavity with a seal ring
between the retaining
the cylindrical surface
(c) The external dianj
be within +0.0/-0.124
window is to be sealed
tomeric gasket axially ¢
(d) The external dian
be within +0.00/-0.07
window is to be sealed
temperature curing e
into the annular sp{
window and the cylind
(e) The plane bearin
shall not deviate more {

wedged into the annular space
ring, the window’s bevel, and
f the seat cavity.

eter of the flat disk window shall
D, of the nominal value if the
n the seat cavity with a flat elas-
pmpressed by the retaining ring.
leter of the flat disk window shall
D, of the nominal value if the
in the seat cavity with a room-
astomeric compound injected
ce between the edge of the
ical surface of the seat.

b surface of the flat disk window
han 0.001D, from an ideal plane.

2-2.12.4.2 Seat Cavity Diameter. The dimensional

tolerance on the exterr
cavity shall be based orj
for the window.

(a) The diameter o
window shall be withi
mm) of the nominal
sealed in the seat cavity \

(b) The diameter o
window shall be with
mm) of the nominal
sealed in the seat cavi

al diameter of the window sedt
the type of sealing arrangement

the seat cavity for a~flat disk
h +0.01/-0.00 in. (#0:25/-0.00
value if the window is to be
vith a radially compressed O-ring.
the seat cavity for a flat disk
n +0.06/-0.00 in. (+1.5/-0.00
value if.the window is to be
y with a seal ring wedged into
tween the retaining ring, the

the annular space be

(4.53D, kg) applied uniformly around its circumference.

2-2.12.5 Spherical Windows

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

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

(c) The plane bearing surface of the seatcavity shall not
deviate more than 0.001D, from an ideal plane when
measured with a feeler gauge inserted between the
mating plane bearing surfaces 6f the spherical window
with a square edge and the-Seat cavity. The axial force
used to seat the window ‘shall not exceed 10D, lb
(4.53D, kg) applied unifosmly around its circumference.

2-2.12.6 Cylindrical Windows. The maximum out-of-
roundness of a cylindrical window shall not differ from an
ideal cylinder by-more than +0.5% of the specified nominal
external radius for standard CF values (see
Table 2-2:3.1-5).

2-2:12.7 Surface Finish. The bearing surface of the
window shall have an as-cast or machined finish no
rougher than 32 pin. RMS.

2-2.12.8 Viewing Surface. Window viewing surfaces
shall be polished to meet the requirements of
para. 2-3.7(e).

2-2.12.9 Other Surfaces. All other surfaces shall be
machined or sanded to attain at least a 63-pin. RMS
finish. Saw cut finish is not acceptable on any window
surface.

2-2.13 Documentation

2-2.13.1 Drawing Requirements. The manufacturer
shall be responsible for the translation of the design of

window’s bevel, and the cylindrical surface of the seat

cavity.

(c) The diameter of the seat cavity for a flat disk
window shall be within +0.125/-0.000 in. (+3.2/-0.00

mm) of the nominal

value if the window is to be

sealed in 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
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the window and 1ts related viewport flange, retainer
rings, and seals into drawings that can be used for fabrica-
tion.

2-2.13.2 Window ldentification. Drawings that
provide construction details shall bear notice that the
windows have been designed and shall be built to
ASME PVHO-1. Drawings shall identify the appropriate
edition.


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

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 shall be
shown, and any additional information used in the
design shall be referenced on the certification. The
designer may develop an appropriate certification form

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

2-2.13.4 Drawing Transmittal. The manufacturer

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.

2-2.14.8 Total Area. The total area of all penetrations
in a single window shall not exceed 30% of the window’s
concave surface.

2-2.14.9 Seats. All penetrations shall have conical

shall transmit the design c
drawings to the window fab
tion.

2-2.14 Windows With In¢

2-2.14.1 General. Inserts
electrical, mechanical, optid
can be incorporated into
that the penetrations and in
of this subsection. These re
categories of window shape
tion location, penetration c
insert configuration, seating
ment, pressure testing, and

gl s 1 " e
L LITICALIUIT PIuS CUTISUT Ut LivuLI

Ficator at the time of fabrica-

serts for Penetrators

that serve as bulkheads for
al, or hydraulic penetrators
herylic windows, provided
serts meet the requirements
juirements are grouped into
S, pressure service, penetra-
nfiguration, insert material,
arrangements, insert retain-
certification.

2-2.14.2 Shape Limitatipns. The window shapes in

which penetrations can be in
their working pressure are
conical seats (see Figure 2
or without flanges (see Fig
spheres, and NEMO spheres

2-2.14.3 Penetration L
penetrations can be incorp
for external or internal pre
the design pressure acts or
the window.

2-2.14.4 Penetration L
Sector). On spherical shell
hemispheres without flang
NEMO spheres, the peng
anywhere, provided

(a) the spacing between t|
of the penetration exceeds t
tion

(b) thespacingbetweene
measured on the concave suj
larger penetration

corporated without reducing
spherical shell sectors with
2.2.1-2), hemispheres with
ure 2-2.2.1-3), hyperhemi-
(see Figure 2-2.2.1-4).

mitations. Windows with
rated into pressure vessels
ssure service, provided that
ly on the convex surface of

ocations (Spherical Shell
sectors with conical seats,
es, hyperhemispheres, and
trations may be located

he window seatand the edge
o diameters of the penetra-

Hges ofadjacent penetrations
face-exceeds the radius of the

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
apex of the solid cone coincide with the imaginary
center of concave curvature.

2-2.14.11 Maximum Diameter. The maximum sizeof
the penetration diameter shall be defined by a saélid
cone angle of 60 deg, provided the area of the penettation,
defined as m(M,)?/4 (see Figure 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
tolerances for penetrations, as well{as for the surface
finish on the seat, are shown in/Bigure 2-2.2.1-1.

2-2.14.13 Insert Material. The inserts for the penetra-
tions shall be made from metal or from plastic, provided
the material propertiescsatisfy the following criteria:

(a) Any metal approved by this Standard may be used
for the fabrication;of inserts, provided that the selected
alloy is corrosien resistant to stagnant seawater and its
tensile and eompressive yield strengths exceed 25,000 psi
(172 MPa)\-Steel alloys without corrosion resistance may
be substituted for corrosion-resistant alloys if the insert is
cadmiim 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 Table
2-2.14.13-1 are acceptable materials for the fabrication
of inserts, provided that in service they shall only

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

(2) be subjected to temperatures that are lower than
the design temperature of the window

Cast unfilled monolithic Type 6 nylon meeting the
criteria of Table 2-2.14.13-2 may be used for the fabrica-
tion of bearing gasket inserts for NEMO windows (see
Figure 2-2.10.1-8)

2-2.14.5 Penetration Location (Hemispheres). On

hemispheres with flanges, the penetration may be
located only within the area between the apex and latitude
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. The penetrations
shall have circular configurations.
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2-2.14.14 Temperature Considerations. Since the
temperature of a shorted-out electrical connector may
exceed the design temperature of the plastic insert, the
designer shall forestall the potentially unacceptable
temperature rise by limiting the magnitude and/or dura-
tion of power input to the connector during an electrical
short.
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2-2.14.15 Insert Tolerances. The angular and dimen-

sional tolerances for
2-2.14.15-1. All surfa

inserts are shown in Figure
ces on the insert shall have a

finish of 32 pin. RMS or finer.
2-2.14.16 Insert Shape. The inserts shall have the

shape of a spherical sec

tor or of a truncated cone, where

(a) the solid included angle of the bearing surface on

the insert matches the

(b) the bearing surfa

edges of the seat in the

conical seat in the penetration

penetration (Figure 2-2.14.16-1)

2-2.14.17 Metal Inserts. Any number or size of holes

may be drilled and tapy

hydraulic, electrical, o

penetrators, provided tH

cements conform to th
BPVC, Section VIII.

2-2.14.18 Polycarbo

be drilled in the polycart

ed in the metal insert to receive
ptical, or mechanical bulkhead
at the openings and their reinfor-
e appropriate Division of ASME

hate Inserts. Smooth holes may
onate insert to receive hydraulic,

electrical, optical, or mgchanical bulkhead penetrators,

provided

(a) the spacing betws¢
insert exceeds the dian]

(b) the spacing betw
edge of any hole excee
(c) the surface finish
finer. The holes shall
support the edges of the

is subjected to design {

2-2.14.19 Acryliclns
in the acrylicinsert to re
or mechanical bulkhead
(a) the spacing betw
insert exceeds two diani

en edges of adjacent holes in the
eter of the larger adjacent hole.
ben the edge of the insert and the
s the diameter of that hole.
inside the holes is 32 pin. RMS or
be sized for the penetrators to
holes when the window assembly
ressure.

erts. Smooth holes may be drilled
Ceive hydraulic, electrical, optical,
penetrators, provided

en edges of adjacent holes in the
eters of the larger adjacent hole.

(b) the spacing betwgen the edge of the insert and the
edge of the hole exceeds two diameters of the hole.

(c) the surface finish finside the holes is 32 pineRMS or
finer. The holes shall pe sized for the penetrators to
support the edges of the holes when the window assembly
is subjected to design gressure.

2-2.14.20 Insert Thidkness. The thickness of the insert
shall depend on the matgrial fromwhich the insertis fabri-
cated.

(a) For plastics, the tlicknmess of the inserts in the shape
or spherical sectors or cgnical frustums shall be calculated
on the basis of maximurt alfowabte tensite and compres-
sive stresses specified for the chosen material by the
appropriate Division of ASME BPVC, Section VIIL

(b) An alternate approach requires hydrostatic testing
of the new insert design in an acrylic seat to 3 times the
desired design pressure without producing permanent
deformation 20.2%. The pressurization shall be at a
650-psi/min (4.5-MPa/min) rate.
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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
subsection 2-7.

2-2.14.22 Insert Seals. All inserts require two separate
seals to prevent entry of water through the joint between
the bearing surface of the insertand the seatin the window
— a primary seal and a secondary seal.

ceof-the-insertextenrdspast-the———fa}—Seating betweenrthe-insertand-thewindow-shattbe————

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 the
contact between the two conical mating surfaces on
the insert and window, and as elastomeric matexial
held captive between the convex window surface ahd a
flange on the insert.

(b) Experimentally proven secondary sé€al designs
shown in Figure 2-2.14.22-1 represent designs-acceptable
under this Standard and are provided for guidance only.

2-2.14.23 Insert Seal Grooves. Grooves for contain-
ment of seals shall not be machined in either the
conical seat on the window_ or the conical bearing
surface on the insert in contact with the window. It is ac-
ceptable to incorporate ah'O-ring groove in the conical
bearing surface of a metallic insert if a gasket of approved
material is interposed-between the metallic insert and the
seat on the window (see Figure 2-2.10.1-8).

2-2.14.24 Insert Retention. The inserts shall be
mechanically restrained against ejection from their
seats in the window by accidental application of pressure
to theeconcave surface of the window or bending moments
to the feedthroughs.

(a) The mechanical restraint shall be capable of
retaining the insert against a pressure of 15 psi (0.1
MPa) applied against the concave surface of the
window and bending moments generated by wave slap
and hydrodynamic drag against cables, hydraulic lines,
or mechanical linkages attached to the insert. The
tensile stress resulting from bending moment shall not
exceed 2,500 psi (12.2 MPa).

(b) Experimentally proven restraint designs shown in
Figure 2-2.14.24-1 represent designs acceptable under
this Standard and are provided for guidance only.

2-2.14.25 Insert Stress Relief. All inserts shall be

been completed. Acrylic shall be stress relieved according
to the schedules of Table 2-4.5-1. Polycarbonate shall be
stress relieved for a period of 8 hr at 250°F (120°C).

2-2.14.26 Insert Inspection. Each finished insert shall
be subjected by the fabricator to a quality control inspec-
tion. The quality control inspection shall consist of dimen-
sional and visual checks whose objective is to determine
whether the finished insert meets the dimensional
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tolerances, material quality, and surface finish require-

ments 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.

(a) The pressure test shall take place with the insert

installed in the window,
whose thickness, surface c
dimensions are identical to

(b) The pressure test shal
procedures described in sul

(c) The test pressure and
mined by the design press
window in which the insert

2-2.14.28 Insert Inspecti
vidually certified. The cer
following:

(a) design certification

(b) material manufacture

(c) material properties cg

(d) fabrication data repo

(e) pressure testing certi

or an acrylic test fixture
urvatures, and penetration

1 be conducted according to
section 2-7.

temperature shall be deter-
ire and temperature of the
hall be installed for service.

bn. Each insert shall be indi-
tification shall include the

I’s certification
rtification

't

fication

2-2.14.29 Insert Certificdtion Procedure. Each of the

certifications shall follow
para. 2-1.3.2, except that th
polycarbonate and metallic
one specified for acrylic.
(a) For polycarbonate,
report listing the results o
to Table 2-2.14.13-1 on ¢
used in the fabrication of in
(b) For metal, the supplie
test report. The report shall
tests as required by the mat
chemical analysis and mech

he procedure described in
e material certifications for
inserts shall differ from the

he supplier shall provide a
tests performed according
bupons cut from the stock
serts.

" shall provide a certified mill
include the results of all the
brial specifications, including
anical tests. In addition, the

results of any applicable syipplementary tests shall be

recorded.

2-3 MATERIAL

2-3.1 Material Restrictions

Windows shall be fabricat
methacrylate plastic, hereaf]

bd only ffem cast polymethyl
Ler refexred to as acrylic.

2-3.2 Laminated Sheets

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

(c) The joint shall be pressure tight during hydrostatic
testing of the window.

2-3.4 Acrylic Requirements

The acrylic used for fabrication of windows shall satisfy
the following two general requirements:

. aT] : Tctionof aceli

shall be capable of producing material with the
minimum physical properties shown in Table 2-3.4-1.
The manufacturer of material shall provide certification
to the window fabricator that the typical physical proper-
ties of the material satisfy the criteria of Table 2-3.4-1. The
material manufacturer’s certification shall convey the
information in a form equivalent to PVHO-1 Form(VP-
3. The certification shall identify the material’by lot
number and shall be marked in such a wayhat each
casting shall be positively identified with the lot
number. If the manufacturer is not willing to certify
that the typical physical properties(of the castings
meet the requirements in Table 2:3(4-1, experimental
verification of all properties shown in Table 2-3.4-1
becomes mandatory.

(b) The acrylic castings from which the windows are
produced shall meet thegminimum 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
shall be conductedfor the window fabricator by the manu-
facturer of acrylic or by an independent materials testing
laboratory. The results of the material acceptance tests
(specifiedin Table 2-3.4-2) for sheet or custom castings
shall-be.certified on a form equivalent to PVHO-1 Form
VP-4.This certification shall be provided to the window
fabricator and shall become a part of the certification
information forwarded to the chamber manufacturer
or user.

2-3.5 Acrylic Form

Acrylic castings shall be supplied in sheet form or as
custom castings. All acrylic sheet castings shall have a
nominal thickness of % in. (12.5 mm) or greater.

For purposes of this Standard, acrylic in the form of
custom castings is classified as either Type 1 or Type
2 castings.

(a) Type 1 custom castings are defined as being of such

Laminating several sheets of acrylic to arrive at the
desired window thickness is not permitted.

2-3.3 Acrylic Bonding

Joining of acrylic castings by bonding is permitted,

provided that the following

requirements are met:

(a) The joint shall be subjected only to membrane

compressive stresses.

thickness and configuration, and produced by such a
process, as to meet the requirements of Table 2-3.4-1
without experimental verification. To classify a casting
as a Type 1 custom casting, the manufacturer of acrylic
shall certify that he/she has produced castings of
similar shape and thickness and of the same material
in the past and that such castings have met the require-
ments of Table 2-3.4-1.
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(b) Type 2 custom castings are defined as being
produced in such a thickness or configuration, or by
such a process, that the manufacturer of acrylic must
experimentally verify that the acrylic castings possess
the minimum physical properties specified in
Table 2-3.4-1. All custom castings failing to meet the re-
quirements of Type 1 shall be classified as Type 2 custom

castings.

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 D638, using a testing speed of 0.20 in./min (5.0
mm/min) +25%.

2-3.6 Material Propdrty Tests

Acceptance tests perfi
on asingle casting can b¢
cular casting, but also,
certify an entire lot.

(a) Acceptance te
para. 2-3.4(b) on one
from a lot of acrylic ¢
all sheets of that lot, p1
acrylic shall positively
sheet so certified with 3
ASME PVHO-1.

(b) The manufacturg
certify that a product
typical physical prope
without identification of
fied shall have acceptan
to para. 2-3.4(b) and at
inventory control identi
casting by the window f
identification in all ASM

(c) Acceptance te
para. 2-3.4(b) on sp{
custom casting shall se
lot. The manufacturer s
identify each certified
safety standard designg

(d) Single Type 1 cust
tests performed accordji
on specimens cut from

rmed according to para. 2-3.4(b)
used not only to certify the parti-
under special circumstances, to

sts performed according to
heet casting chosen at random
st sheets shall serve to certify
ovided that the manufacturer of
and permanently identify each
lot number and the designation

r of acrylic sheet castings may
of a given thickness meets the
Ities specified in Table 2-3.4-1
lot number. Each casting so certi-
e tests performed on it according
that time have assigned to it an
fication that shall be affixed to the
hbricator and used in lieu of a lot
E PVHO-1 documentation.
ts performed according to
cimens cut from one Type 1
rve to certify all castings of that
hall positively and permanently
casting with lot number and
tion ASME PVHO-1.
pm castings shall have acceptance
hg to paras. 2-3.4(a) and(2-3:4(b)
each casting.

(e) Type 2 custom ca
according to paras. 2-3.
from each casting to ex

ctings shall have tests/performed
(a) and 2-3.4(b)oenspecimens cut
rimentally vetify that the acrylic

possesses the physical properties,spéecified in both Tables
2-3.4-1 and 2-3.4-2. Tesfs for expépimental verification of
properties in Table 2-3.4-1 shall serve also to certify the
properties in Table 2-3}442.

(b) Tests for compressive deformation shall be per
ASTM D695.
(c) Tests for Compressive Deformation

(1) General. Tests for compressive deformation shall
be performed using specimens loaded to 4,000 psi (276
MPa) and tested at 122°F (50°C). The sample size is a /2.
(12.5-mm) cube. To test nominal “-in. (12.5-mm)-thick
material, machine the specimen in such a mannerthat the
as-cast surfaces serve as the load-bearing surfdcés. Do not
stack samples toreach % in. (12.5 mm) height; instead test
a sample, % in. x % in. (12.5 mm x 12:5'mm) nominal
thickness. For materials that are-Cast with irregular
surfaces or thicker than 1/2 in. {12.5 mm), machine the
samples from the casting such ‘that the compression
faceis as close as possible to the bottom side of the casting.

(2) Procedure. Place-the test specimen between the
anvils of the testing machine. Apply the load to the
specimen withoutsshock and take the initial reading 10
sec after the full\load is on the specimen. At the end of
24 hr, take a»second reading and record the total
change in height. Determine the original height of the
specimén 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 machine.

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

Deformation,% = (A/B) X 100

where
A = change in heightin 24 hr (= height after load appli-
cation - height after 24 hr)
B = original height (= height after removal + total
change)

(4) Report. The report shall include the following:

L)

oxriginal haight of +tho tact cnacinaan
OFgHareIgRt-etetesStSspeecHnen

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. Where possible,
samples for testing shall be taken from an integral part of
the casting. A test coupon casting may be used to supply
material for testing, provided that the test coupon and
window castings meet the lot requirements. Samples
for testing shall be cut so that no surface of the test
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(a7
(-b) thickness of the cube

(-c) conditioning procedure

(-d) temperature of test and the force applied
(-e) change in height of the test specimen in 24 hr
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(-f) deformation (flow or combined flow and
shrinkage) expressed as the percentage change in
height of the test specimen calculated on the basis of
its original height
NOTE: Measurements shall be made in consistent units
measured 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 scanning

area of the resulting peaks with the areas produced by the
injection of a standard solution. Prepare the standard
solution by dissolving 20 mg to 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 portion.
Place a solid piece of insoluble acrylic plastic weighing
about 1 g and 20 mL of methylene chloride in a glass
bottle, and place on a shaker for 24 hr. After 24 hr,

ultraviolet monochromator fravimgabamdwidthrof-+6-mr
or less and a minimum sensitivity of 0.02%, a photometer
having reproducibility of +1P6 of full scale, and the prac-
tices of ASTM E308 to measujre the spectral transmittance
in the 290 nm to 330 nm wavelength band. Report the
value of one specimen of %, in. + 0.01 in. (12.7 mm %
0.25 mm) thickness with light passing through polished
faces. Report the maximum percent transmission detected
between 290 nm and 330 nnf and the peak location where
the maximum percent transmission was located. Measure-

ments can be made on the ca
from which the plastic is to
have two polished faces thrj

(e) The clarity of a finish
rated. Clear print of size 7
mm) and 16 characters t

sting or on the monomer mix
be cast. Solid samples shall
bugh which the light passes.
ed window shall be visually
lines per column inch (25

the linear inch (25 mm)

shall be clearly visible wheh viewed from a distance of
20 in. (500 mm) through the thickness of the finished
window.

(f) Since an ASTM standaid method is not available for
measurement of residual acrjylic monomer, the procedure
specified in para. 2-3.8 is r¢commended.

2-3.8 Testing for Residupl Monomer

A sample of suitable size shall be obtained and analyzed
for unpolymerized methyl methacrylate and unpolymer-
ized ethyl monomers using gps or liquid chromatographic
techniques. Options for detgrmination of residual mono<
mers include gas chromatoggaphy (GC) and high-pressure
liquid chromatography (HPILC). Samples for testing shall
be cut so that the center point of the analyzed pieceis no
closer to the original edge or surface of the castingthan the
thickness divided by 2. Thq following (afferCober and
Samsel, SPE Transactions, ‘|Gas Chromatograph, a New
Tool for Analysis of Plastics,” April 4962, pp. 145-151)
is a suitable procedure:

(a) The instrument may be a BEckman GC-2A gas chro-
matograph, equivalent, or bgttér, with a hydrogen flame

the fluid portion shall be analyzed for monomeric
methyl methacrylate and monomeric ethyl acrylate per
para. 2-3.5(a).

2-3.9 Windows Greater Than 6 in. Thick

Windows in excess of 6 in. (150 mm) 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.frem the
interior of the casting at a distance from amny surface
equal to half the thickness. The properties of each
sample shall meet the requirements of (Table 2-3.4-2.

2-3.10 Bond Testing

The physical properties of bonds shall meet or exceed
the following:

(a) The tensile strength’ of the bond shall be at least
50% of the parent material strength as established by
the ASTM D638 testion five tensile coupons cut from a
bond quality control specimen that was bonded at the
same time andhin the same manner as the acrylic castings
intended.for ‘actual service.

(b) The'significant and critical dimensions of inclu-
sion§, as well as the critical spacing between adjacent
inclusions, shall not exceed those specified in
para. 2-5.4 for a 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. The critical density of population shall not
exceed 2 inclusions per square centimeter of contiguous
joint cross-sectional area.

2-3.11 Low Ultraviolet (UV) Cast Acrylic Cylinders

Cast acrylic cylinders may be used without the addition
of a UV stablilization agent, provided the following condi-
tions are met:

lfn) anragn and use are limited to g prnh:rfnd indoor

(19)

detector, or equivalent, and a 6-ft (1.8-m) column of %, in.
(6.0 mm) stainless tubing operated at 212°F (100°C). Pack
the column with 25% diethylene glycol adipate polyester
(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-pL aliquot of the plastic-solvent solu-
tion into the gas chromatographic apparatus. Compare the

32

environment where there is low exposure to UV radiation.

(b) The window markings shall also include “Low UV”
as required in para. 2-6.1, as shall the associated ASME
PVHO-1 forms.

(c) The window is not subject to life extension beyond
design life.

(d) The window shall comply with all other relevant
requirements of ASME PVHO-1.
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2-4 FABRICATION

2-4.1 Responsibilities and Duties for Window
Fabricators

The window fabricator’s responsibilities include the
following:

(a) compliance with this Standard and the appropriate
referenced standard(s)

2-4.5 Annealing

All window material shall be annealed after all forming,
machining, and machine polishing have been completed.
All annealing shall take place in a forced-air circulation
oven. Annealing shall be in accordance with
Table 2-4.5-1. Time and temperature data for all annealing
cycles shall be entered into PVHO-1 Form VP-1. A copy of
the final anneal’s time/temperature chart shall be

(b) procurement c
services

(c) establishing and
Program in accordance|with Section 3

(d) documenting th¢ Quality Assurance Program in
accordance with Sectiop 3

(e) furnishing the pufchaser with appropriate Certifi-
cation Report(s)

(f) ensuring that the|subcontracted activities comply
with the appropriate rgquirements of this Standard

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

mtrotof atertal parts, amd

Mmaintaining a Quality Assurance

2-4.2 Quality Assurs

Windows shall be fab
satisfying the requirems

nce and Marking

Ficated only from acrylic castings
nts of Sections 2 and 3. This shall
be accomplished by the window fabricator through
compliance with the following procedures:

(a) The window fabricator shall establish and maintain
a current and documernted Quality Assurance Program
that complies with Secton 3.

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

(c) Eachwindow shall be numbered per para. 2-6.1;and
these numbers shall b¢ traceable to the castings ffom
which they were fabricafed. This traceability shallbe certi-
fied on the fabrication djta report, which shall'provide, in
equivalent form, the infgrmation shown on.PVHO-1 Form
VP-1.

2-4.3 Use of Solven

No fabrication proces, solvent, cleaner, or coolant that
degrades the original physical properties of the acrylic

attacied to PVHO=-1TFormr VP=1:

2-4.6 Polishing

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

2-4.7 Inspection

Each window shall be inspected in aceordance with
subsection 2-5, after the final anneal.

2-5 INSPECTION
2-5.1 General

The quality control inspection shall consist of dimen-
sional and visual checks.'to ensure the finished window
meets the dimensional tolerances, material quality, and
surface finish*requirements specified in
subsections 2-2-through 2-4. Windows that meet the re-
quirements '0f subsections 2-2 through 2-4 and the re-
quiremefts of this subsection shall be accepted. In
particular, dimensional measurements shall be made to
show’compliance with para. 2-2.12.

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, e.g., out-of-roundness and spheri-
city, shall be conducted at least 24 hr after placing the
window in the orientation of, and supported in a
similar manner to, the intended service. Out-of-roundness
measurements of cylindrical windows shall be taken at
both ends and at 25%, 50%, and 75% of the window
length.

casting shall be used duriftgfabrication:

2-4.4 |dentification

During the fabrication process, each window shall be
identified with identification and fabrication verification
documents containing pertinent material and fabrication
data.
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2-5.3 Surface Scratches

Scratches (or machining marks) on the surfaces of and
inclusions in the body of the window shall not be accept-
able if they exceed the specified critical dimension, critical
spacing, critical size of population, or critical density of
population, or are found in a critical location.
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2-5.4 Inclusion Inspection

The critical dimensions of inclusions, critical spacing,
critical size of inclusion population, critical location,
and critical density of inclusion population depend on
the shape of the window. Only inclusions whose diameter
or length exceeds the following specified significant
dimension shall be considered during a visual inspection;

all others shall be disregarded.

(-1) voids, specks, and grains of dirt; fragments of
metal, wood, 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 0.06 in.
wide x 0.03 in. thick (3.8 mm x 1.5 mm x 0.76 mm)
(-¢) Critical size of population is total volume of the
casting in cubic inches divided by 1,000.
(-d) Critical density of inclusion population is one
inclusion per cubic inch.

(a) Forspherical sectors
spheres, NEMO windows, c
beveled disks with t/D;= 0.5,
pressure loading

(1) significant dimensid

(2) critical dimension:

(3) critical size of popul
in cubic centimeters divided

(4) critical density of pd
in.®> (16 cm?®) of contiguous

(5) critical spacing bé
select the larger of the tw
multiply its diameter by a f]

(6) critical locations: ng
or within critical spacing of
surfaces

(b) For spherical sector
spheres with equatorial flay

tthrcomnicatedge, ypertemnti-
bnical frustums and double-
and cylinders under external

n: 0.015 in. (0.4 mm)
.05t
tion: total volume of window
by 10000
[pulation: one inclusion per 1
volume
tween adjacent inclusions:
ro adjacent inclusions and
hctor of 2
inclusions are permitted on
hll of the bearing and sealing

s with square edge, hemi-
ge, cylinders under internal

pressure, conical frustums and double-beveled disks with

t/D; < 0.5, and disks

(1) significant dimensig

(2) critical dimension:

(3) criticalssize of popul
in cubic centimeters divided

(4) critical density of pd
in.® (16 cm®) of contiguous

(5) critical spacing betv
in. (6 mm)

(6) critical locations: ng
or within critical spacing of]

(c) Windows may be fab

with inclusions that exceed
dimension specified by (b)(2
performance of the window

presence of these inclusiong.

This is to be accomplished
to only certain types and size
effect on the critical press

n: 0.015 in. (0.4 mm)
.030 in. (0.8 mm)
tion: total volume of window
by 10000
[pulation: one inclusion per 1
volume
een adjacent inclusions: 0.25

inclusions are permitted on
all of the surfaces

[icated from acrylic.eastings
he 0.03-in. (0.8-mm)vCritical
,provided thatfhe'structural
is not compromised by the

by restrieting the inclusions
s, anid\by compensating their
Lrerof the window with an

(-e) Critical spacing between adjacent inclusions 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 more inclu-
sions shall satisfy one of the following structural requires
ments:

(-a) The minimum tensile strength of inclusion*free
tensile test specimens from the lot of casting used'in manu-
facture of windows shall be 211,000 psi, divdthe short-
term design-critical pressure of the windew shall meet the
requirement of this Standard.

(-b) The minimum tensile stréngth shall be 210,000
psi, and the window’s short-termesign-critical pressure
shall exceed the requirements.of this Standard by 210%.

(-¢) The minimum tensile strength shall be 29,000
psi, and the window’s STEP'shall exceed the requirements
of this Standard by 220%.

2-5.4.1 Inclusion Inspection for Nonstandard
Windows. Nonstandard geometry windows and standard
window geoniétries with lower conversion factors shall
not contain any inclusion with a critical dimension
exceeding 0.015 in. (0.40 mm).

2-5.5 Scratch Characterizations

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

(a) For spherical sectors with conical edge, hyperhemi-
spheres, NEMO windows, conical frustums and double-
beveled disk with t/D; 2 0.5, and cylinders under external
pressure loading

increase in tensile strength

of the acrylic, or an Increase

in design critical pressure of the finished window, or both.
(1) Inclusions are allowed in flat disks, cylinders under

internal pressure, spherical sectors with square edges,
hemispheres with equatorial flange, and double-
beveled disks and conical frustums with t/D; < 0.5,
provided that the following requirements are met:

(-a) Significant dimension of the inclusion is 0.03 in.
(0.8 mm).

(-b) Critical dimensions of the inclusions are

34

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

(2) critical dimension: 0.02 in. (0.5 mm)

(3) critical size of population: total length of all
scratches in centimeters equals total area of scratched
surface in square centimeters divided by 1000

(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


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

(19)

ASME PVHO-1-2019

(b) For conical frustums and double-beveled disks with
t/D;<0.5, flat disks, and cylinders under internal pressure
(1) significant dimension: 0.003 in. (0.08 mm)

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

(3) critical size of population: total length of all
scratches in centimeters equals total area of scratched
surface in square centimeters divided by 1000

(4) critical density of population: none specified

(5) critical spacing between scratches: none specified

50-100-PVHO-RT-21-XX

‘ f
T Year of window fabrication
Fabricator’s serial number of window

Window fabricator’s name or identification
symbol

Initials for Pressure Vessel Human Occupancy

Maximum temperature, °F (°C)

(6) critical locations: no scratches are allowed on the
bearing and sealing syrfaces, on any faces of double-
beveled disks and cylinders, or on low-pressure faces
of conical frustums and disks

(c) For spherical secfors with square edge and hemi-
spheres with equatorial flange of acrylic

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

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

(3) critical size of population: total length of all
scratches in centimeteqs equals total area of scratched
surface in square centifneters divided by 1000

(4) critical density |of population: none specified

(5) critical spacingpetween scratches: none specified

(6) critical location}s: no scratches are permitted on
bearing and sealing surfaces, on the low-pressure face of
spherical sector with square edge, or in the heel and instep
areas of flanged hemispheres

2-5.6 Repairs

Repairs to new wind
criteria shall be pej
subsection 2-9.

ws that do not meet acceptance
formed in accordance with

2-5.7 Inspection Report

After the quality conftrol inspection, each acceptable
window shall be certified as to fabrication processes
on a fabrication data re¢port. The report shall be made
on a form equivalen{ to PVHO-1 Form VP-1. This
report shall be forwarded to the chamber manufacturer
or user as a part of the] certification package:

2-6 MARKING
2-6.1 Marking Locat

Identification of eachfwindew with the window fabri-
cator’s certification shpli-be’located on the window’s
seating surface or on—the er—diameter—ofthe
window. Identification shall consist of /2 in. (12.5-mm)
letters and numbers made by the window fabricator
with an indelible black felt marker, or Y-in. (3.2-mm)
letters and numbers applied with epoxy ink. Epoxy ink
shall not be used if the marked surface seats against a
metal surface. The identification shall contain information
per the following example:

on, Configurations
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Pestgrpresstre—psi-tvPa)

Windows fabricated without an ultraviolet (UV) stabi-
lization agent shall add “Low UV” after the year of fabrica-
tion.

2-6.2 Certification Completion

At the time of marking, the window fabricator-shall
certify the overall fabrication of the window by completing
window certification PVHO-1 Form VP-1,0nly after
completion of PVHO-1 Form VP-1 shall/the 'window be
considered to have met the requirementsof this Standard,
and the window can be marked in accordance with para.
2-6.1. This window certification shall'be forwarded to the
purchaser or used as part of the window certification
package.

2-6.3 Marking Restrictions

The windows shall be marked by the window fabricator
with PVHO identification per para. 2-6.1 only if the design,
material manufacture, material testing, and fabrication
have been completed and are on file with the window
fabricatoer-applying the markings after having met the re-
quireiients of para. 2-6.2.

2-6.4 Additional Marking

The window may also be marked with additional iden-
tifications. The size of letters, method of application, and
their location on the window shall satisfy the require-
ments of para. 2-6.1.

2-6.5 Marking Certification Retention

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

(a) One copy of PVHO-1 Forms VP-1 through VP-5 shall
be retained by the w1nd0w fabrlcator and one copy of the

w1ndow fabrlcator performs the pressure test.

(b) Ifthe window fabricator does not perform the pres-
sure test, he/she shall note this on PVHO-1 Form VP-1.One
copy of PVHO-1 Forms VP-1 through 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
purchaser shall have the pressure test performed by a
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qualified pressure test laboratory, or pressure test the
windows according to subsection 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
the chamber manufacturer to possess and retain

PVHO-1 Forms VP-1 throug

h VP-5 for a period not less

than the design life of the window plus 2 yr.
(e) It shall be the responsibility of the window fabri-
cator to possess and retain PVHO-1 Forms VP-1 through

2-7.6 Post-Test Inspection

Atthe conclusion of 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.

2-7.7 Rejection Criteria

VP-4 (and PVHO-1 Form VP-
sure test) for a period not ld
window plus 2 yr.

2-7 PRESSURE TESTING
2-7.1 Frequency

Each window shall be pres
to being accepted for servig

2-7.2 Test Configuration

The pressure test shall ¢
installed in the chamber or
whose window seat dime
seals are identical to those

2-7.3 Test Duration

The window shall be press
design pressure is reached v
for test pressures less than J
-2% for test pressures grea
The design pressure shall be
hr, but not more than 4 hr. P
ization rates shall not exceed

2-7.4 Test Temperature

The temperature of the pre
test shall be the design tempg
is rated with a tolerance of
deviations from these te
allowed, provided that the|

ifhe/she performs the pres-
ss than the design life of the

sure tested atleast once prior
e.

pke place with the window
placed within a test fixture
hsions, retaining ring, and
pf the chamber.

Lirized with gas or water until
Fith a tolerance of +0%/-4%
00 psi (3.46 MPa) and +0%/
ter than 500 psi (3.46 MPa).
maintained for notlessthan 1
ressurization and depressur-
650 psi/min (4.5 MPa/min).

ssurizing medium during the
rature for which the window
+0/-5°F (+0/-2.5%€)Brief
mperature tolerances are
deviation do€s‘not exceed

10°F (5.5°C) and lasts less than 10 min.

2-7.5 Window Leakage

Windows that leak durin

b the pressure tests shall be

removed, fitted out with mew seals, and retested. If

Presence of crazing, cracks, or permanent deformation
visible with the unaided eye (except for correction nec-
essary to achieve 20/20 vision) shall be the cause of rejec-
tion of the windows and shall be so noted on the test
report. Permanent deformation less than 0.001D; in
magnitude measured at the center of the window shall
not be cause for rejection.

2-7.8 Alternate Test Procedure

Ahydrostatic or pneumatic test in excess of design pres-
sure may be substituted for the mandatory tests of
paras. 2-7.3 and 2-7.4 for windows with a8 design tempera-
ture of 125°F (52°C) or less. During¢the hydrostatic or
pneumatic test, the pressure shallbe maintained for a
minimum of 1 hr, but not morethan 4 hr. The test pressure
shall not exceed 1.5 times the design pressure or 20,000
psi (138 MPa), whicheveris the lesser value. To prevent
permanent deformationtof windows tested above design
pressure, the temperature of the pressurizing 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) desigh’temperature, the pressurizing medium
during the test shall be 32°F to 40°F (0°C to 4°C). All
the other requirements of the mandatory pressure 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 pres-
sure test.

2-7.10 Records Retention

Pressure test records shall be kept on file for at least the
design life of the window plus 2 yr.

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
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.
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2-8 INSTALLATION OF WINDOWS IN CHAMBERS

2-8.1 Cleaning

The window cavity seatin the flange shall be thoroughly
cleaned. Aliphatic naphtha and hexane are suitable fluids
for cleaning.
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2-8.2 Lubrication

The window cavity seats for all window shapes posses-
sing 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 shall be checked for chemical

compatibility with acrylic.

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

2-8.3 Assembly

After placement of t
cavity, the primary ela
the high-pressure face
tightened until the s
minimum value specifig

2-9 REPAIR OF DA

he window inside the window
tomeric seal shall be placed on
of the window and the retainer
eal compression reaches the
d in para. 2-2.11.

GED WINDOWS PRIOR TO

BEING PLACED IN SERVICE

2-9.1 General

New fabricated wind
tance criteria of subse
been damaged during
testing, storage, handl
but prior to being plag
provided the requirems

bws that do not meet the accep-
tion 2-5, or windows that have
inspection, shipment, pressure
ng, or installation in chambers
ed in service, may be repaired,
nts of this subsection are met.

2-9.2 Damaged Window Criteria

For the purpose of thi
one that meets the crif
subsection 2-6, and haf
sustained damage that
placed in service.

5 Standard, a damaged window is
eria of Section 2, is marked per
a Window Certification but has
requires repair prior to being

2-9.3 Dimensional Assessment

Windows are consid
window can no longer
and surface finishes sj
assessment of damage 1

ered to be damaged whern the
meet the dimensional'tolerances
ecified by subsection 2-5. The
hall be performmed.by an author-

ized representative of t}

e chamber manufacturer or user

or by a window fabricaltor.

2-9.4 Damage Severjty Determination

The damage to windoysydepending on its severity, may

2-9.6 Repairs of Slightly Damaged Windows

Slightly damaged windows may be repaired by the
chamber user or his/her authorized agent, provided
only hand sanding/polishing techniques are used, and
the thickness and surface finish of the window after
repair meet the requirements of Section 2. Thejuse of
power-driven tools (disk sanders, buffing wheels,
lathes, milling machines, etc.) is not allowed. These
repairs do not require post annealing.

2-9.7 Repair of Severely Damaged Windows

Special conditions are applicable to the repair of
severely damaged windows:

(a) Severely damaged windows shall be repaired by a
window fabricator.

(b) Repair of severely damaged windows shall be
initiated by the window fabricator only after receipt of
written authorization from the chamber manufacturer
or user and inspection of the damaged window for iden-
tification marking. Damaged windows whose identifica-
tion doés-not correspond to the written authorization
shall-not be repaired.

{¢) The written authorization shall be accompanied by
the original Design (PVHO-1 Form VP-2) and Fabrication
Certifications (PVHO-1 Form VP-1).

(d) During the repair, the window fabricator may use
all the fabrication processes customarily employed in the
fabrication of new windows that meet the requirements of
subsection 2-4.

(e) Upon completion of repair, the window shall be
annealed according to the schedule of Table 2-4.5-1.

(f) After annealing, the repaired window shall be
inspected to ensure that the finished window meets
the material quality, minimum thickness, dimensional
tolerance, surface finish, and inclusion limitation require-
ments of Section 2.

be repaired by the chamber user himself/herself or by an
accredited fabricator of windows. Only slightly damaged
windows may be repaired by the chamber user or his/her
authorized agent, while severely damaged windows shall
be repaired solely by a window fabricator.
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(y} RC}Jdil Ud VVilldUVVb b}ld}l }JC I1Idl }\Cd VVitll tllc idcll'
tification of the window fabricator performing the repair.

(h) The repair identification shall consist of 0.5-in.
(12.5-mm) letters and numbers made with indelible
black marker or 0.125-in. (3.2-mm) letters and
numbers made with epoxy ink, located on the
window’s seating surface.

(i) The repair identification shall contain the following
information, as per the following example:
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Year repair performed
Fabricator’s serial number of repair

Window fabricator’s initials

Repair

logo

The repair identification shall not obscure, in any
manner, the original window identification.

(j) Original window iden
been accidentally or inte
repair operations may be re:
the restored original identif
wording to the original one
Repair Certification reflects

(k) The design life of thg
mined by the original fabr
window identification mark

2-9.8 Repair of Spherica

Windows with spherical
tolerances, surface finish
limits specified in paras. 2
be repaired by spot casting, j
tions are satisfied:

(a) The repaired spot
compressive stresses in ser

htionally removed during
pplied at this time, provided
cation marking has identical
that was removed, and the
this fact.

repaired window is deter-
ication date shown on the

ng.
| Window by Spot Casting

surfaces whose dimensional
or inclusions exceed the
£2.12, 2-5.3, and 2-5.5 may
rovided the following condi-

hall be subjected only to
yice.

(b) The casting mix used flor spot repairs shall have the

same chemical composition
the same manner as the casti
(c) For repaired spots lod

and shall be polymerized in
hg mix in the window casting.
pted in areas within 2 deg of

the window’s edge circumference, or areas not visible

from the interior of the pre
in a typical position requ

ssure vessel by an observer
ired for operation of the

vessel, the following limitat|

ons apply:

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

(2) Thereisno limit on the number of repaired:spots.

(d) For repaired spots locpted in areas outside 2ydeg of
the window’s edge circumfgrence, and visible\from the
interior of the pressure Yessel to an_obhserver in a

typical position required

r operation.of the vessel,

the following limitations apply:
(1) The area of any repaired.spot shall not exceed

0.025% of the total windo

area.

(2) Only two repaired ppots are permitted.

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

(b) Restrictions are imposed on the service conditions
to which the viewport can be subjected to preclude cata-
strophicfailure of the window duringits 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 shall be certix
fied for conformance to this Standard.

(c) Only high-quality cast acrylic (polymethyl<metha-
crylate) is acceptable as the material for fabrieation of
windows under this Standard. Conformance.6f-the mate-
rial to the specifications of this Standard sHall'be proven by
testing of material coupons (see subsection 2-3) and certi-
fication (PVHO-1 Forms VP-3 and,/VP-4).

2-10.2 Sample Design Procedures

(a) The design procedure‘consists of a series of steps
that allow the engineerto-design a window meeting the
requirements of this\Standard (see subsection 2-2).

Step 1. Detepmine the design pressure, P, and
temperature of-the pressure vessel. Use the values as
maximum design allowable for windows.

Step 2.-Select the designed window shape from avail-
able standard window geometries (Figures 2-2.2.1-1
through 2-2.2.1-4). Note the restrictions on the service
in which they can be placed (see paras. 2-2.2 and 2-2.3).

If the design requirements cannot be met by a stan-
dard window geometry, a nonstandard window geometry
of your own design may be chosen. In that case, disregard
the remainder of the design steps in (a) through (c) and
follow instead the procedures specified in para. 2-2.6.

Step 3. Select the conversion factor (CF) appropriate
for the chosen standard window geometry, pressure
range, and temperature range (Tables 2-2.3.1-1
through 2-2.3.1-4). Use the pressure range into which
the design pressure falls. The CF given by the table repre-
sents the lowest value acceptable to this Standard. Wher-
ever feasible select 3 higher value than shown in the

(e) After completion of machining and polishing opera-
tions, the window shall be annealed per para. 2-4.5.
(f) Location and extent of spot casting repairs shall be

noted on a sketch attached

to PVHO-1 Form VP-6.
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tables.

Step 4. Calculate the short-term critical pressure
(STCP) of the window by multiplying the design pressure,
P, by the CF selected in Step 3.

Step 5. Calculate the dimensionless ratio(s) t/D;or t/
R for the chosen window geometry by finding the appro-
priate graph thatrelates the STCP to the window’s dimen-
sionless ratio (Figures 2-2.5.1-1 through 2-2.5.1-12).
Draw a horizontal line from the appropriate STCP on
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the ordinate to the graph. From where it intersects 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 (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.
Step 6. Calculate the nominal window’s dimensions
on the basis of the dimensionless ratio. Wherever it is

2-10.3 Sample Purchase Specification and Product
Reviews

The designed window, in order to achieve the STCP,
shall be fabricated by an accredited window fabricator
using materials and a production process that meet
the requirements of subsections 2-3 and 2-4, respectively.

Step 1. Ensure that the request for quotation and all
drawings carry the following note:

feasible, increase the[nominal thickness to provide
extra stock for future operational contingencies.

Step 7. Apply angular and dimensional tolerances to
the nominal dimension$ and specify surface finishes on
the window (see pard. 2-2.12). Enter all applicable
data on drawings and fVHO-1 Form VP-2.

(b) The windows canfachieve the predicted STCPs only

if they are mounted i

seats with appropriate cavity

dimensions, stiffnesls, and surface finishes (see
paras. 2-2.7, 2-2.10, andl 2-2.12).

Step 1. Calculate sdat cavity dimensions on the basis
of Figures 2-2.10.1-1 through 2-2.10.1-8. For windows

with conical bearing S
cavity surface overhan
conical angle and the
magnitude of overhang
for any given combin|
ranges and conical ang
1, 2, 3, and 4 correspd
psi to 5,000 psi, 5,000
to 10,000 psi. For oper
psi (69 MPa), use Tablg
Step 2. Calculate
window seat with anal
stress analysis computg
ments of para. 2-2.9. Sin
reinforcement around
vessel, its cross section
of the applicable Divisi
Step 3. Apply angu
the nominal dimension
the seat cavity (see pa
applicable data on the
(c) Only certain sealil
to be successful with acr
boundaries (see para. 2
Step 1. Some of th

urfaces, the magnitude of seat
b depends on both the included
perational pressure range. The
is given in terms of D;/Df ratios
ation of operational pressure
es. Operational pressure ranges
nd to 0 psi to 2,500 psi, 2,500
psi to 7,500 psi, and 7,500 psi
ational pressures above 10,000
2-2.3.2-1.
he stiffness compliance of the
btical formulas or finite element
r programs to meet the require-
ce the window mounting forms a
the penetration in the pressure
Khall also meet the requirenients
n of ASME BPVC, Section VIII.
ar and dimensional tolerances to
b and specify surface finishes on
as. 2-2.10 and 252.12). Enter all
vindow seat drawing.
\g arrangenients have been found
ylic windews serving as pressure
-2.119%:
P proven seal designs acceptable

under this Standard

re(shown in Figures 2-2.5.1-1

The cast acrylic, fabrication procedure, Quality ASsur-
ance Program, and finished window shall meet all the re-
quirements of ASME PVHO-1."

This note alerts the fabricators to the additional factors
imposed by the certification requirements of this Stan-
dard.

Step 2. Provide the successful bidder_with
PVHO-1 Form VP-2, filled out by the window designer.
PVHO-1 Form VP-2, together with the’ window
drawing, shall form the basis for future“identification
of the window.

Step 3. Upon receiving the window from the window
fabricator, inspect the finished preduet dimensionally and
visually for compliance to this/Standard (see para. 2-2.12
and subsection 2-4). Review, allYof the paperwork, which
shall accompany the window (PVHO-1 Forms VP-1
through VP-4). Check for’completeness and signatures.
Compare the markingon the window bearing surface with

(a) theidentification number on PVHO-1 Form VP-1.

(b) the design temperature and pressure on
PVHO-1 Form”VP-2. Only when the window complies
with thesrequirements imposed by this Standard, and
the accompanying Window Certification, PVHO-1
Forrs'VP-1 through VP-4, is complete, can the fabrication
bejconsidered to have met all of the contractual obliga-
tions imposed by the above note on the window drawing.

2-10.4 Sample Pressure Test Instructions

The window can now be installed into a 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 subsection 2-7 for details of
pressure testing), the test shall be conducted without
human occupants.

Step 1. Immediately after the pressure test, inspect the
window visually for the presence of crazing, cracks, frac-
tures, or permanent deformation.

Step 2 1f the window passed the post-pressure test

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
arrangement for your operational conditions. The
bevels on the edges of windows cannot exceed the
limits shown in Figures 2-2.11.10-1 and 2-2.11.10-2.

Step 2. Seal designs that deviate from the require-
ments of this Standard shall be subjected to an experi-
mental validation program that will define their effect
on the design life of the windows (see para. 2-2.7).
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inspection successfully, fill out PVHO-1 Form VP-5.
Step 3. Review certifications, PVHO-1 Forms VP-1
through VP-5, for completeness.

2-10.5 Sample Calculations

The following sample calculations of hypothetical
window and window seat dimensions illustrate the
design procedure:

Step 1.1. Determine design conditions:
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Design pressure = 1,000 psi
Design temperature = 125°F
Window diameter = 10 in.

Step 1.2. Select window s
Conical frustum with
(Figure 2-2.2.1-1)

hape:
90 deg included angle

Step 1.3. Select conversion factor:
CF =10, N = 1 (Table 2-2.3.1-2)

Step 1.4. Calculate STCP:

Step 2.1. Calculate nominal dimensions for seat cavity:
D, = 18.400 in.
o =90 deg
D;/Df = 1.03 for pressure range N = 1 and included
angle 90 deg
Df=10.000/1.03 = 9.709 in. (Figure 2-2.10.1-1)
Step 2.2. Calculate cross section of window mounting.
(Use procedure of your own choice; NSRDC Report 1737,
“Structural Design of Viewing Ports for Oceanographic

STCP = CF x
10,00

P = 10 X 1,000
psi (68.96 MPa)

Step 1.5. Select the dimernsionless ratio for windows:

t/D; = 0.41 for STCP =
a = 90 deg (Figure 2-2|
Step 1.6. Calculate nomin

t/D; = 0.41
D; = 10 in.
o =90 deg

t=041x 10 in. = 4.1 §
Add 0.1 in. to thickness f
gencies:
Nominal ¢t = 4.2 in.
Nominal angle = 90 deg
Nominal D; = 10 in.
Nominal D, = 18.4 in.
Step 1.7. Apply dimensi
(para 2-2.12):
D, = 18.400 +0.000/-0
a =90 +0.25/-0.00 deg
Bearing surface finish 4

b8.96 MPa
5.1-5)
hl window dimensions:

n.
r future operational contin-

ralculated)
nal tolerances to windows

037 in. (to sharp edge)

32 pin. RMS

Vehicles,” by K. A. Nott, 1963, can be very helpful.)
Step 2.3. Apply dimensional tolerances to window seat.
Step 3.1. Select sealing arrangement: neoprene O-ring

seal compressed against beveled edge of major window

diameter by a flat retaining ring (Figure 2-2.5.1-4). The
magnitude of the bevel cannot exceed the limits shown
in Figure 2-2.11.10-1. The size of the bevel chosen will
provide adequate compression to a nominal 0,25%in.
diameter O-ring.
Step 3.2. Enter the following final viewportdimensions
on drawing:
(a) Window:
D, = 18.400 +0.00/-0.037 in. {to Sharp edge)
t = 4.200 +0.020/-0.00 in.
a =90 +0.25/-0.000 deg
(b) Seal:
O-ring thickness = %, . (nominal)
O-ring inside diameter = 17.75 in. (nominal)
(c) Seat:
D, = 18.400#0.020/-0.000 in.
Df=9.7094+0.010/-0.000 in.
o =90&0.000/-0.25 deg
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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

Nominal thickness

Casting shape

Lot number

o : L
castmgumToeT

Certified for conforman

Certified for conforman

Window Description

Maximum allowable wd
Maximum temperature

Window designed by

e to Table 2-3.4-1 by Date

e to Table 2-3.4-2 by Date

rking pressure rating psi

rating °F

MPa

Joint bonding (if applic
Manufacturer of acryl
Trade name of cemen
Curing means and du
Average tensile streng
Joint quality conform

Polishing agents

(name of company and designer)

ble)

c cement

ation

th (per ASTM D638)

to para. 2-3.10 (yes/no)

Cleaning agent

Fabrication Process

First annealing temperagure (if applicable)

Duration

Data

Cooling, rate

Intermediate annealing

Duration

kemperature (if applicable)

Cooling rate

Final annealing temper

Duration

ture (chart required)

Dimensional checks
Actual outside diamet
Actual thickness, t,

max
Actual sphericity (max
sphericity measured b
convex surface)

Cooling rate

er, D, Actual inside diameter, D;

o

nd ¢, Actual included angle,

min
imum deviation from specified
ly a template on the concavé on

Conforms/deviates fro
Window fabricator ha

Window fabricator ha

Im specification for spetcasting repairs

tested windows Yes

completed PVYHO?1 Form VP-5 Yes

The window identified
Standard for Pressure]
d

above has been fabricated in accordance with the material and fabrication requirements of the Safety
Vess€ls'for Human Occupancy, ASME PVHO-1- edition, and company

raWing number , 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 _at °F °C
Maximum internal ambien{ temp °E °C Minimum external ambient temp °FE °C
Short-term critical pressur¢ and figure no.
Experimental Verification|[Note (1)] No. 1 No. 2
Thickness, t (actual) |
D, (actual) No.3 No. 4
D; (actual) No. 5 STCP
Water temperature °F °C (Note each test specimen FS for

full scale or MS for model scale.)

Type of failure

Test conducted at

Test supervised by

Window Design

Inner diameter, D; (nominal) Outer diameter, D, (nominal).

Included angle (nominal) External radius of curvature (nominal)
Minimum t (calculated) Minimum t/D; (calculated).
D,ID;(nominal) D,ID; (nominal)

Minimum D; (calculated) Maximum D; (calculated)

Diametral interference/clegrance between
D, of window and windowf|seat at maximum
design temperature (calculpted)

Diametral interference/cledrance between
D, of window and window/|seat at minimum
design temperature (calculpted)

Actual t (specified on drawjngs)

Actual D; (specified on drayvings)

Actual Dy (specified on drayvings) Actual D, (specified on drawings)

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

Drawing no.ofwindow_—} — Drawingwo.offlange — Drawing no. of assembly

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

The viewport design comiplies with allkofthe requirements of the Safety Standard for Pressure Vessels for Human Occupancy,
subsection 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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Figure 2-2.2.1-1 Standard Window Geometries — Part 1

D, t="1/,in.(12.5 mm)
t/D, = 0.08

t

(a) Flat Disk Window

~

§> D; t=1/,in.(12.5 mm)
t/D; = 0.125

/ [N E— o = 60 deg
t
(b) Conical Frustum Window
, |
|
. I, >
[ i t=1,in.(12.5 mm)
+ o Di D, t/D;=0.250
\ | o = 60 deg
i ¢ = 0.25¢t
I
|
f

(c) Double-Beveled Disk Window

43


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

Figure 2-2.2.1-2 Standard Window Geometries — Part 2

t=1,in.(12.5 mm)
o = 30 deg
t/R;= 0.09 for « = 60 deg
t/R; = 0.06 for oo = 90 deg
t/R; = 0.03 for o = 180 deg

ot

t=1/,in.(12.5 mm)

30 deg = o = 150 deg
D t/R;= 0.03
D;=2R;sin a/2
D,=2R,sino/2
R,=R;+t
€ = tsin (90 deg— a/2)

(b) Spherical Sector Window With Square Edge
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Figure 2-2.2.1-3 Standard Window Geometries — Part 3

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

D, D, = (D; + 2M)

\ —/ R =5 1n. (3.0 mm)
\/ p I B 2 0.5 mm = R, =< 0.125¢

—~—l _] M 1.5t= M= 2.0t

[ | R,=R;j+t
i —

R,‘+ 2t —>

(a) Hemispherical Window With Equatorial Flange

N

L — \
/'J KV
> t=1/£in)(12.5 mm)

.

B T

(b) Cylindrical Window
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Figure 2-2.2.1-4 Standard Window Geometries — Part 4

t

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

e,
- '~

7
5

(a) Hyperhemispherical Window

-
-
S

N\,
\
.
,/

\ t=1/,in. (12.5 mm)
\ 0.03 = t/R,<10:355
\ o = 50(deg
\‘ ®, 0 =&pacing between ad-
e J — jacent penetrations
S~ - // shall exceed /2 of
\\7'\\ the larger penetrations
'(/ ~~o
/’, ™,

et ¢ g

(b) NEMO Window

Table 2-2.3.1-1 Conversion)Factors for Acrylic Flat Disk Windows

Temperature, °F (°C)
Operational Pressure Ranges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)

N=1 CE\=5 CF=6 CF=8 CF =10 CF =16

2,500 psi (17.2 MPa)
N=2 CF=5 CF=6 CF=8 CF =10

5,000 psi (34.5 MPa) 4,000 psi (27.6 MPa)
N=3 cF=-=5 cF=—6

7,500 psi (51.7 MPa) 7,000 psi (48.3 MPa)

GENERAL NOTES:

(a) The conversion factors (CF) in this Table apply only to short-term critical pressures (STCP) plotted in Figures 2-2.5.1-1 through 2-2.5.1-3.
(b) Dotted lines refer to intermediate pressure ranges as indicated by the adjacent pressure figures.
(c) Interpolation between CFs is allowed.
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Table 2-2.3.1-2 Conversion Factors for Acrylic Conical Frustum Windows and Double-Beveled Disk Windows

Operational Pressure Ranges

Temperature, °F (°C)

50 (10)

75 (24)

100 (38)

125 (52)

150 (66)

N=1

2,500 psi (17.2 MPa)

CF=5

CF=6

CF=8

CF =10

CF =16

between the upper and lower values shown.

I Conversion factors for these pressures shall be interpolated I

4,500 psi (31 MPa)

N=2

5,000 psi (34.5 MPa|

N=3

7,500 psi (51.7 MP4]

N=4
10,000 psi (69 MPa
GENERAL NOTES:
(a) The CFs in this Table aj

(b) Dotted lines refer to inf]
(c) Interpolation between

Table 2-2.3.1-3 Conve

CF = 4 CF=5 CF=7 ‘ CF=9
CF=4 CF=5
CF = 4 CF=5

8,000 psi (55.2 MPa)

ply only to STCPs plotted in Figures 2-2.5.1-4 and Figures 2-2.5.1-5.
ermediate pressure ranges as indicated by the adjacent pressure figures.
Fs is allowed.

sion Factors for Acrylic Spherical Sector Windows With Conical-Edge, Hyperhemispherical

Windows With Conical Edge, and NEMO-Type Windows With Conical Edge
Temperature, °F (°C)
Operational Pressule Ranges 50 (10) 75 (24) 100 (38) 125(52) 150 (66)
CF =16
N=1 CF=4 CF=6 CF=8 CF =10 reeeernnnenn 1,500 PSiacerenne
2,500 psi (17.2 MPa) (10.3 MPa)
CF =10
S —— - 7110 [0 W L )2
N=2 CF =4 CF=6 | . CE5.8... 3,500 psi (24.1 MPa)
5,000 psi (34.5 MPa)
N=3 CF=4
7,500 psi (51.7 MPa)

GENERAL NOTES:

(a) TheCFsinthis Table app
Figures 2-2.5.1-14 and 2

(b) Dotted lines refer to int]

(c) Interpolation between

y only to STCPs plotted inFigures 2-2.5.1-6 and Figures 2-2.5.1-7 for spherical sector windows with conical edge and
-2.5.1-15 for hyperhemispherical windows with conical edge and NEMO-type windows with conical penetrations.
ermediate pressure, ranges as indicated by the adjacent pressure figures.
Fs is allowed.
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Table 2-2.3.1-4 Conversion Factors for Acrylic Spherical Sector Windows With Square Edge and Hemispherical
Windows With Equatorial Flange

Temperature, °F (°C)

Operational Pressure Ranges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)
CF =17
N=1 CF=5 CF=7 CF=9 CF=11 | 1,500 psi .o
2,500 psi (17.2 MPa) (10.3 MPa)
N = 2 Fal ol e Fal ol [l
5,000 psi (34.5 MPa) T R 3,000 psi (20.6 MPa)
N=3

CF=5

7,500 psi (51.7 MPa)

GENERAL NOTES:
(a) The CFs in this Table apply ¢nly to STCPs plotted in Figures 2-2.5.1-6 and 2-2.5.1-7.

(b) Dotted lines refer to intermefdiate pressure ranges as indicated by the adjacent pressure figures.
(c) Interpolation between CFs is|allowed.

Table 2-2.3.1-5 Conversion Factors for Acrylic Cylindrical Windows

Part A: Internal Pressure

Temperature, °F (°C)
Operational Pressure Rangges 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)
N=1 CF=13 CF =14 CF =15 CE=20 CF =25
250 psi (1.7 MPa)

Part B: External Pressure

Temperature, °F_(°C)
Operational Pressure Ranggs 50 (10) 75 (24) 100 (38) 125 (52) 150 (66)
N=1 CF=6 CF=7 CF =9 CF =11 CF =17

2,500 psi (17.2 MPa)

GENERAL NOTES:

(a) The CFs in Part A of this Taljle apply only to STCPs plotted in Figures 2-2:5:1-8 and 2-2.5.1-9.

(b) The CFsin Part B of this Tablejapply only to STCPs plotted in Figures 2-2.5.110 through 2-2.5.1-13. Since the tube may fail due to yielding of
material (Figure 2-2.5.1-8) or plastic buckling (Figures 2-2.5.1-9 through,2-2.5.1-11), both modes of failure shall be considered in selection of
t/D ratio. The mode of failure fhat is chosen as the design criterion depends on which of the failure modes requires a higher t/D; ratio for the
desired STCPs. The mode of failure requiring a higher t/D; ratio\is/chosen as the design criterion.

(c) Interpolation between CFs is|allowed.
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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)
Design Pressure D;/ Dy D;/ Dy
psi MPa t/D; 60 deg 90 deg 120 deg 150 deg t/D; 60 deg 90 deg 120 deg 150 deg
11,000 75.86 1.0 1.13 1.17 1.23 1.69 1.1 1.13 1.17 1.23 1.69
12,000 82.76 1.1 1.13 1.17 1.23 1.69 1.2 1.13 1.17 1.23 1.69
13,000 89.66 1.2 1.13 1.17 1.23 1.69 1.3 1.13 1.17 1.23 1.69
14,000 96.55 1.8 1.13 1.17 1.23 1.69 1.4 1.13 1.17 1.23 1.69
15,000 103.45 1.4 1.13 1.17 1.23 1.69 1.5 1.13 1.17 1.23 1.69
16,000 110.34 1.b 1.20 1.26 1.53 2.48 1.6 1.20 1.26 1.53 2.48
17,000 117.24 1.p 1.20 1.26 1.53 2.48 1.7 1.20 1.26 1.53 2.48
18,000 124.14 1.y 1.20 1.26 1.53 2.48 1.8 1.20 1.26 1.53 248
19,000 131.03 1.8 1.20 1.26 1.53 2.48 1.9 1.20 1.26 1.53 2.48
20,000 137.93 1.p 1.20 1.26 1.53 2.48 2.0 1.20 1.26 1.53 2.48
GENERAL NOTE: D;/Ds ratiq refers to the conical frustum seat specification shown in Figure 2-2.10.1-1.
Figure 2}-2.5.1-1 Short-Term Critical Pressure of Flat Disk Acrylic Windows <= Part 1
8 8 T T 0 0 1,160
Ty T T T T T T T T T T
One-Way Window Design 1,100
Soft gasket seal i 1,000
\Y i N
N \1: 900
6 Do = Vi
T 800
g 7o,
. o
; Hard bearing gasket 700 S
& 2
— 35
2 2
3 4 . - 600 3
< O-ring seal o
a " / w©
E il n -500 2
2 N, / R =
5 = S 8}
O 5 D, g 7
1 400
2 / I«— Df—>| 300
/
Hard beafing gasket / 1.25 = D, /D, 200
100
725
0
0 0.04 0.08 0.12 0.16 0.20

t/D;
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Figure 2-2.5.1-2 Short-Term Critical Pressure of Flat Disk Acrylic Windows — Part 2
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Figure 2-2.5.1-3 Short-Term Critical Pressure of Flat Disk Acrylic Windows — Part 3
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Figure 2-2.5.1-4 Short-Term Critical Pressure of Conical Frustum Acrylic Windows — Part 1
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Figure 2-2.5.1-5 Short-Term Critical Pressure of Conical Frustum Acrylic Windows — Part 2
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Figure 2-2.5.1-6 Short-Term Critical Pressure of Spherical Sector Acrylic Windows — Part 1
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Figure 2-2.5.1-7 Short-Term Critical Pressure of Spherical Sector Acrylic Windows — Part 2
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Figure 2-2.5.1-8 Short-Term Critical Pressure of Cylindrical Acrylic Windows Pressurized Internally — Part 1
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Figure 2-2.5.1-9 Short-Term Critical Pressure of Cylindrical Acrylic Windows Pressurized Internally — Part 2
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Figure 2-2.5.1-10 Short-Term Critical Pressure of Cylindrical Acrylic Windows Pressurized Externally
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Figure 2-2.5.1-11 Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports Under External
Hydrostatic Pressure — Part 1

100

Equation:
R.V. Mises

1
0.1

D = D;+D,
2

= short-term critical gressure

n x 3.499 x 1072 (pki)

n x 2413 x 107* (MPa)

o
a
n o

59


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

Figure 2-2.5.1-12 Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports Under External
Hydrostatic Pressure — Part 2
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Figure 2-2.5.1-13 Short-Term Elastic Buckling of Cylindrical Acrylic Windows Between Supports Under External
Hydrostatic Pressure — Part 3
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Figure 2-2.5.1-14 Short-Term Critical Pressure of Hyperhemispherical and NEMO-Type Acrylic Windows — Part 1

40 5,800
e 5,000
4
V"
,,,
30 4
Split retainipg ¢ t F 4,000
ring
o / % pa ‘B
= ( 8
. . : s
(&}
5 O-ring o ' P i é
§ 20 bearing O-ring 55-3,000 4
& gasket seal y i %
E a N O
S 0 =
Hyjperhemispherical 4P 2,000
indow Mounting H
10 y H
1,000
NEMO Window Modanting -
o EEEEEE e e A e e e NN P P PP 145
0 0.025 0.05 0.075 0.1 0.125 0.15

62


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

Figure 2-2.5.1-15 Short-Term Critical Pressure of Hyperhemispherical and NEMO-Type Acrylic Windows — Part 2
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Figure 2-2.10.1-1 Seat Cavity Requirements — Conical Frustum Window, Spherical Sector Window With Conical Edge,
and Flat Disk Window

D; /D¢Ratios
¢ Operational
Pressure Included Angle, deg
Range 60 90 120 150
~—Di—
K N=1 1.02 1.03 1.06 1.14
| S N=2 1.04 1.06 1.12 1.28

R1
/<"—Diy\ N=3 708 T.09 T.T7 T.36

[~—35 N=4 110 120 1.20 1.42

(a) Conical Frustum Window

[2R; sin(«/2)1/D;Ratios
(Spherical Sector With Conical Edge)

Operational 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

K
7

AT

250 = D/D;

(c) Klat Disk Window

GENERAL NOTES:
(a) For o between values shown] interpolation is required.
(b) Y. in. (1.0 mm) < R1 < %4 in. (2.0 mm).

(c) K is selected on the basis of ptructural analysis.

(d) B is selected on the basis of pptical requirements.
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Figure 2-2.10.1-2 Seat Cavity Requirements — Double-
Beveled Disk Window

| oy

K N N

7‘

! |<—D,—%\ |

n-T_k |<——D—>|
e
_.|

—B
Operational Presgure Included Angle, deg
Range 60 90 120 150
N = 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=4 1.10 1.15 1.20 1.42

GENERAL NOTES:
(a) For a between values shown, interpolation is required.
(b) K is selected on the bas]s of structural analysis.

(c) B is selected on the bass[s of optical requirements.

(d) ¢ < 0.25¢.
(e) ns.

(f) Y4 in. (1.0 mm) < R1 </ % in. (2.0 mm).
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Figure 2-2.10.1-3 Seat Cavity Requirements — Spherical Sector Window With Square Edge
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GENERAL NOTES:
(a) K is selected on the basis of ptructural analysis.
(b) B is selected on the basis of pptical requirements.
(c) D, =2R,sin a/2.

(d) D; =2 R;sin a/2.

(e) Di-Ds2 Y in. (3.0 mm).
(f) 45 = tsin (90 deg - a/2).
(8) Ro=R;+t
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Figure 2-2.10.1-4 Seat Cavity Requirements — Hemispherical Window With Equatorial Flange

D;+2M

1.5t= M= 2.0t

Operational
Pressure Range  D; /Dy
t N=1 1,02
N=2 103
N=3 1.05

GENERAL NOTES:
(a) Kis selected on the basIS of structural analysis.
(b) B is selected on the bas|s of optical requirements.
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Figure 2-2.10.1-5 Seat Cavity Requirements — Cylindrical Window

Elastomeric

spacer K is selected on the basis of structural analysis
K R Beari R¢ = internal radius of window seat
" ring 4 )
l gasket = calculated R; of cylinder at zero internal pressure and
t -30°C minus gasket compressed 50%
1 R, = external radius of window seat
R OO R0 = calculated maximum R, of cylinder under sustained
T - > internal design pressure of 8 hr duration at design
Ry X temperature prusgaskettormpressed50%
Ri L ‘ R, = 1/3in. (1.0 mm)
Ro J Ry R,
— J_ __________J________\ Elastomeric
¢
seal
(a) Under Internal Pressure
Elastomeric K is selected on the basis of structural analysis
R seal M = 0.05R;
R; = internal radius of window seat
¥

= calculated R; of cylinder under zero external pressure
at design temperature minus thickness of-gasket
> R, = external radius of window seat
= calculated R, of cylinder under Zerovexternal pressure
at +52°C plus gasket compressed'50%
R, = 35 in. (1.0 mm)

N\— Hard bearing gasket
bonded to flange

R;— R,=0.01 R;
(b) Under External Pressure ! r=001R
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Figure 2-2.10.1-6 Seat Cavity Requirements — Hyperhemispherical Window
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Figure 2-2.10.1-7 Seat Cavity Requirements — NEMO Window (Standard Seat)

b

T

o

A

k > 0.005R,
m > 0.01R,
a < 50deg
(a + 8deg) < & < (ar + 12deg)

= orientation of effective rpdial stiffness
= thickness of compressed| gasket

= elevation of hatch ring
= spherical angle of window penetration
= spherical angle of split rptaining ring
= spherical angle of hatch fseat

< mn 3 x5
I

GENERALNOTE: The variablesx, #, z, and [ shall be proportioned'in such a manner that the effective radial stiffness of all inserts at the penetration
does not exceed the radial stiffngss of acrylic sector with-included angle o by more than 3,500%.
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Figure 2-2.10.1-8 Seat Cavity Requirements — NEMO Window (Seat With Extended Cyclic Fatigue Life)

Room-temperature
vulcanizing silicone seal

Plastic insert

g > 0.03R,
k > 0.005R,
m > 0.01 Ry
a < 50 deg

(a + 8deg) <te <*(a + 12deg)

= orientation of effecfive radial stiffness

= thickness of plastic]insert

= thickness of comprpssed gasket (neoprene)
= elevation of hatch fing

= spherical angle of yindow penetration

= spherical angle of dplit retaining ring

= spherical angle of jatch seat

<~ m 3 xq M
I

GENERALNOTE: The variablesx, b, z, and/shall'be proportioned in such a manner that the effective radial stiffness of all inserts at the penetration
does not exceed the radial gtiffness of’actylic sector with included angle o by more than 3,500%.
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Figure 2-2.11.10-1 Bevels on Window Edges — FlaHmisp Windowshconi, al FrusHiIS Windowsht gxeri, al te, bbr
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Figure 2-2.11.10-2 Bevels on Window Edges — Flanged Hemispherical Window, Spherical Sector Window With Square
Edge, External Pressure and Internal Pressure of Cylindrical Windows
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(a) Flanged|Hemispherical Window (b) Spherical Sector Window
With Square Edge

= 0.125¢

= 0.125¢

External Pressure Internal Pressure

(c) Cylindrical Windows
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Figure 2-2.11.11-1 Acceptable Configurations for Clear Viewport Retaining Covers

Hard bearing
gasket

/ /—Vlewport
/I forging
Viewport N

wwindaoaas

N

{
GHHH 117

A A

< < <
\ Pressure
ring Clear viewport side

retaining cover

GHHHHH

seal

\

(a) Flat Disk Viewport Cross Section

Viewing angle

Viewport
forging

Viewport
window

/)

| [T
=

/@
q
q

A

\\ < < AS
Clear viewport

retaining cover

Pressure
. side

D-ring
seal

\

(b) Conical Frustum Viewport Cross Section

Viewjfig angle
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Figure 2-2.14.11-1 Dimensional Tolerances for Penetrations in Acrylic Windows

\

+0deg 0 min /:\
- 0deg 15 min \
\
\ 1
- Y ’li\
\'\ /I A
Ny
\lf
|
i
M, = outside diameter of penetrations
R; = radius of convex cyrvature

y = conical seat angle
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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 SI Units
ASTM D638 [Note (1)] Tensile:
(a) ultimate strength 29,000 psi 262 MPa
(b) elongation at break 220.0% >20.0%
(c) modulus of elasticity 2300,000 psi 22069 MPa
ASTM D695 [Note (1)] Compressive:
(a) yield strength 212,000 psi 282.8 MPa
(b) modulus of elasticity 2300,000 psi 22069 MPa
ASME PVHO-1 method, para. 2-3|7(c) Compressive deformation at 4,000 psi (27.6 MPa) <2% <2%
and 122°F (50°C) for 24 hr
ASTM D732 [Note (1)] Shear, ultimate strength 29,000 psi 262 MPa
ASTM E308 Ultraviolet transmittance <5% <5%

GENERAL NOTE: Test coupons sHall be taken from each plate that serves as machining stock for inserts and shall be tested to verify that'the
physical properties of the materijl meet the requirements in this Table.

NOTE: (1) These tests require tegting a minimum of two specimens. For others, test a minimum of one specimen. Where applieable, 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-shall be used
to meet the requirements of the ninimum 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 SI Units
ASTM D638 [Note (1)] Tensile:
(a) ultimate strength 29,500 psi 265.5 MPa
(b) elongation at break 230.0% 230.0%
(c) modulus of elasticity 2350,000 psi 22415.0 MPa
ASTM D695 [Note (1)] Compressive:
(a) yield strength 26,000 psi 241.4 MPa
(b) modulus of elasticity, 2250,000 psi 21725.0 MPa
ASME PVHO-1 method, para. 2-3|7(c) Compressive deformatiph at 4,000 psi (27.6 MPa) and <1.4% <1.4%
122°F (50°C) fdr 24 hr
ASTM D732 [Note (1)] Shear, ultimate\strength 24,300 psi 229.7 MPa

GENERAL NOTE: Test coupons shall be taken from €ach'casting that serves as machining stock for inserts and shall be tested to verify that the
physical properties of the materifl meet the requirements in this Table.

NOTE: (1) These tests require tegting a minimtum of two specimens. Where applicable, use the sampling procedures described in para. 2-3.7.
Where two specimens are requirefl in the testprocedure, the average of the test values shall be used to meet the requirements of the minimum
physical properties of this Table.
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Figure 2-2.14.15-1 Dimensional Tolerances for Inserts in Acrylic Windows

= 0.02M,, for acrylic insert

‘ = 0.005M, for metal insert
32 l
k k +0.001 kw

—0.000 o w\
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Figure 2-2.14.16-1 Typical Shapes of Inserts

Type 2
/
//
//
//
//
//
//
\ /
Acrylic y/2 < 25 deg \\ // A
H \ /

Netallic y/2 < 25 deg \ / Acrylic 7/2 < 14 deg
i Metallic y/2 < 25 deg

(a) For Metallic and Acrylic Materials

Type 3

ptallic /2 < 25 deg Metallic y/2 < 25 deg

(b).For Metallic Materials
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Figure 2-2.14.22-1 Seal Configurations for Inserts in Acrylic Windows
= 0.02M,, for acrylic insert

% V l = 0.005M,, for metal insert

= 0.02M,, for acrylic insert
= 0.005M, for metal insert
g p=

(a) Compressed Neoprene Gasket Seal (b) Potted-in-Place RTV Silicon Rubber Seal

= 0.02M,, foracrylic insert

\C = 0.005M,, for metal insert

= 0.02M,, for acrylic ingert
= 0.005M, for metal infert E/

(c) Independent O-Ring Seal (d) Captive O-Ring Seal
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Figure 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 2-3.4-1 Specified Values of Physical Properties for Each Lot

Specified Values

Test Procedures Physical Property U.S. Customary Units SI Units
ASTM D256 [Note (1)] 1zod notched impact strength 20.25 ft-Ib/in.-min 213.3 J/m
ASTM D542 Refractive index 1.49 + 0.01 1.49 + 0.01
ASTM D570 [Note (1)] Water absorption, 24 hr <0.25% <0.25%
ASME PVHO-1 method, parg—2-3-*e}—Compressive-deformation-at-4;600-pst <4644 <4644
(27.6 MPa), 122°F (50°C), 24 hr
ASTM D638 [Note (1)] Tensile:
(a) ultimate strength 29,000 psi 262 MPa
(b) elongation at break 22% 22%
(c) modulus 2400,000 psi 22760 MPa
ASTM D695 [Note (1)] Compressive:
(a) yield strength 215,000 psi 2103 MPa
(b) modulus of elasticity 2400,000 psi 22 760"\MPa
ASTM D732 [Note (1)] Shear, ultimate strength 28,000 psi 255 MPa
ASTM D785 [Note (1)] Rockwell hardness =M scale 90 =M scale 90
ASTM D790 [Note (1)] Flexural ultimate strength 214,000 psi 297 MPa
ASTM D792 [Note (1)] Specific gravity 1.19 + 0.01 1.19 + 0.01
ASME PVHO-1 method, parg. 2-3.7(d) Ultraviolet (290 nm-330 nm) light <5% <5%
transmittance
ASME PVHO-1 method, parg. 2-3.7(e) Clarity, visually rated Must’have readability Must have readability
ASTM D696 Coefficient of linear thermal expansion at (~<107° (in./in. °F) <107 (mm/mm °C)
°F °C
-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 D648 Deflection temperature of plastics under ~ 2185°F 285°C
flexure at 264 psi (1.8 MPa)
ASME PVHO-1 method, parj. 2-3:8 Total residual monomer:
(a) 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 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 shall be used to meet the requirements of the minimum
physical properties of this Table.
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PVHO-1 Form VP-3 Material Manufacturer's Certification for Acrylic

The innfem)x____in.(cm) acrylic sheet/custom castingsof _____in. (cm)

nominal thicknessinLotNo.____ have been produced by

under the trademark of

These castings possess fypical physical properties satisfying the minimum values specified in Safety Standard for Pressure
Vessels for Human Occypancy, 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)

GENERAL NOTE: This foym may be reproduced and used without written permission from ASME if used for purposes other
than republication.
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Table 2-3.4-2 Specified Values of Physical Properties for Each Casting

Specified Values

Test Procedures Physical Property U.S. Customary Units SI Units
ASTM D638 [Note (1)] Tensile:
(a) ultimate strength 29,000 psi 262 MPa
(b) elongation at break 22% 22%
(c) modulus of elasticity 2400,000 psi 22760 MPa
ASTM D695 [Note (1)] Compressive:
(a) yield strength 215,000 psi 2103 MPa
(b) modulus of elasticity 2400,000 psi 22760 MPa
ASTM D790 [Note (1)] Flexural ultimate strength 214,000 psi 297 MPa
ASME 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) for 24 hr

ASME PVHO-1 method, Ultraviolet transmittance [for 0.5 in. <5% <5%
para 2-3.7(d) (12.5 mm) thickness]
ASME PVHO-1 method, Visual clarity Must pass readability test Must pass readability test

para. 2-3.7(e)

ASME PVHO-1 method, parg. 2-3.8 Total residual monomer:
(a) methyl methacrylate <1.6% <1.6%
(b) ethyl acrylate

GENERAL NOTE: To be verified by testing of specimen from each casting or lot as defined in para. 2-3.5.

NOTE: (1) These tests requile testing a minimum of two specimens. For others, tést-a minimum of one specimen. Where applicable, use the
sampling procedures describpd in para. 2-3.7. Where two specimens are requiredin-the test procedure, the average of the test values shall be used
to meet the requirements of the minimum physical properties of this Table:
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PVHO-1 Form VP-4 Material Testing Certification for Acrylic

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

2. Test specimen taken from  [J acrylic sheet or [Jcustom castingsno. __________in Lot no. of in. (cm)
nominal thickness that have been produced by under the
(material manufacturer)
trademark of possess the following physical and chemical properties:
Test Method Property Results

ASME PVHO-1, para. 2-3.7(c) Compressive deformation at 4,000 psi (27.6 MPa)
and 122°F (50°C)

ASTM D638 Tensile:
(a) ultimate strength

(b) elongation at break

(c) modulus of elasticity

ASTM D695 Compressive:
(a) yield strength

(b) modulus of elasticity

ASME PVHO-1, para. 2-3.7(d) Ultraviolet transmittance
[for 1/, in. (12.5 mm) thickness]

ASME PVHO-1, para. 2-3.7(e)  Visual clarity

ASME PVHO-1, para]2-3.8 Total residual methyl methacrylate %
and ethyl acrylate monomers %

The experimentally pjoven properties satisfy the minimum vélues' specified in Table 2-3.4-2 of the Safety Standard for

Pressure Vessels for Human Occupancy.

(authorizgd representative of material testing.laboratory) (date)

{mame and address of material testing laboratory)

GENERAL NOTE: This fprm may_Befeproduced and used without written permission from ASME if used for purposes
other than republication.
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Table 2-4.5-1 Annealing Schedule for Acrylic Windows

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

Heat Time [Note (1)], hr (h), for Acrylic Placed in a Forced-Air Circulation Oven Maintained at a Set
Temperature Within +5°F (+2.8°C)

Thickness, in. (mm) 230°F (110°C), Max. 212°F (100°C), Min. 195°F (90°C), Min. 185°F (85°C), Min.
0.50 (12.70) 35 4.0 6.0 11.0
0.75 (19.05) 4.4 49 6.9 11.8
1.00 (25.40) 53 5.9 7.7 12.6
1.25 (31.75) 6.2 6.8 8.6 13.4
1.50 (38.10) 7.1 7.7 9.4 14.1
1.75 (44.45) 8.0 8.6 10.3 14.9
2.00 (50.80) 8.9 9.6 11.1 15.7
2.25 (57.15) 9.8 10.5 12.0 16.5
2.50 (63.50) 10.6 11.4 12.9 17.3
2.75 (69.85) 11.5 12.4 13.7 181
3.00 (76.20) 12.4 13.3 14.6 18.9
3.25 (82.55) 13.3 14.2 15.4 19.6
3.50 (88.90) 14.2 15.1 16.3 20.4
3.75 (95.25) 15.1 16.1 17.1 21.2
4.00 (101.60) 16.0 17.0 18.0 22.0
>4.00 (101.60) 4 6 6 6

(per in. of additional
thickness over 4)

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

Time, hr (h), to(€ool Acrylic From the Indicated Annealing
Temperature at.the Maximum Permissible Rate to the Maximum
Allowable Removal Temperature of 120°F (49°C)

Maximum Cooling

Thickness, in. (njm) Rate, °F/hr (°C/h)  230°F (110°C)  212°F (100°C)  195°F (90°C)  185°F (85°C)
0.500 to 0.750, incl. (13 to 19, incl.) 25 (14) 45 35 3 2.5
0.875 to 1.125, incl. (22 to P8, incl) 18 (10) 6 5 4 4
1.250 to 1.500, incl. (32 to B8, incl) 13 (7.2) 8.5 7 6 5
1.750 (44) 11 (6.1) 10 85 7 6
2.000 (50) 10 (5.5) 11 9 75 6.5
2.250 (57) 9.(5) 12.5 10 8.5 75
2.500 (64) 8(4.5) 14 115 95 8.5
3.000 (75) 7 (4) 16 13 11 95
3.250 (82) 6 (3.5) 18.5 15 125 11
3.500 (89) 6 (3.5) 18.5 15 12.5 11
3.750 (92) 6 (3.5) 185 15 125 11
4.000 (100) 5(3) 22 18 15 13
4.000 to 6.000, incl. (100 to 150, incl.) 4 (2) 275 23 19 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 37.5 325
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-5 Pressure Testing Certification

Window Identification

Window Description

Maximum allowable working pressure

Maximum design temperature

Test Arrangement

Windows tested in operational viewport/simulated viewport

(operational/simulated)

Operational/simulated viepvport drawing no.

Window tested according fo subsection 2-7
(yes/no)

Test pressure psi MPa

Overpressure ratio (test pfessure/maximum

allowable working presspre)

Pressurizing medium tempefature °F

Rate of pressurization (avergge)

Duration of sustained pressyrization

Test Observations (yes/no

Leakage

Permanent deformation

Crazing

Cracking

The acrylic window was pregsure tested according to the procedure-ofistbsection 2-7 of the Safety Standard for Pressure Vessels for

Human Occupancy and was|found to perform satisfactorily without-any visible permanent deformation, crazing, or cracking.

pfessure test supervisor) (date)

{naqieland address of pressure testing laboratory)

[authorized representative of chamber manufacturen(Wwindows for new chamber) (date)
or user (windows for replacement in an existing chamber]

GENERAL NOTE: This form mpyhe teproduced and used without written permission from ASME if used for purposes other than
republication.
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PVHO-1 Form VP-6  Acrylic Window Repair Certification

Window ldentification

. Window Shape (From Visual Inspection)

Conical frustum Double beveled

Spherical sector with conical edge Spherical sector with square edge
Hemisphere with equatorial flange Flat disk

Hyperhemisphere with conical edge NEMO

Cylinder

. Design Data (From PYHQ-=1 Earm \VP-2)
Original design certifichtion prepared by

Maximum allowable working pressure Maximum design temperature

Minimum thickness (cglculated t) for above temperature and pressure

. Original Fabrication| Date (From PVHO-1 Form VP-1)
Original fabrication ceftification prepared by (name of preparer)

(name of fabricator)

Fabricated according t¢ drawing Identification marking

Actual minimum thickpess, t Actual inside diameter, D;

Actual outside diamete}r, D,

. Repair Instructions [Refinish the following surfaces)

High-pressure face Low-pressure face Bearing surfaces

Beveled edges Sealing surfaces

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

The minimum thicknegs, t, of the repaired window is to meet or exceed
The inside diameter, D|, of the repaired window is to meet or exceed

Repair of window has peen authorized by (name of company)

(narpe of authorized representative) (signature of authorized representative)
. Repair History (The following surfaces were refinished)

High-pressure face Low-pressure face

Bearing surfaces Beveled edges

Spot Casting Process
Resin used Catalystused

Polymerization technique

Tensile strength of|lbond with acrylic per para. 2-3.10(a)

Sketch of spot casfing locations attached (ves) (no)

Minimum thickness of [repaired window

The minimum thicknegs of repaired window meets o éxceeds

minimum calculated [thickness of paras. 2-2.2 through 2-2.5 (yes) (no)
The repaired window Was annealed at for hr
During fabrication, the|original window_identification markings were Leftintact _______ Removed and reapplied

The repair marking applied to the window reads as follows:

The refinished surfaces, spet'¢astings, and minimum thickness of the repaired window meet all the requirements of
Section 2 and the jttached-Design Certification PVHO-1 Form VP-2.

(authorized representative of window fabricator)

(name and address of window fabricator)

GENERAL NOTES:

(a) The data for parts 1 through 4 of this form shall be provided and certified by the company/individual authorizing the repair of windows.
(b) The repair process information required by part 5 shall 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 GENERAL

This Section specifies the fequirements for establishing

and maintaining a Quality A
manufacturers and windoy
with the applicable edition

3-1.1 Scope

The responsibilities set
compliance with this Standz

3-1.2 Quality Assurance

This Section applies only t

a Quality Assurance Programm.

3-2 RESPONSIBILITIES

3-2.1 Compliance With 1
The PVHO manufacturer

ssurance Program for PVHO
y fabricators in accordance
pf this Standard.

forth herein relate only to
rd.

System Verification

the structure and content of

his Standard

and window fabricator are

responsible for implemer

ting and maintaining the

quality requirements as dgscribed in ISO 9001 or ISO
13485, whichever is applichble. It is not, however, the
intent of this Standard to require a PVHO manufacturer’s

or window fabricator’s Qual
certified in accordance with
quirements by a third party,
should be construed to imp|

ty Assurance Program to be
ISO 9001 or ISO 13485 re-
and nothing in this Standard
y such a requirement.

3-2.2 Documentation of the Quality Assurance
Program

The PVHO manufacturer and window fabricator shall be
responsible for documenting the Quality Assurance
Program in accordance with this Section.

3-2.3 Certification

The PVHO manufacturer and window fabricator shall
certify compliance with this Standard by furnishing the
purchaser with the appropriate PVHO-I\forms and by
marking in accordance with the requirements of this Stan-
dard.

3-2.4 Right of Access

The purchaser or thejr, authorized representative,
authorized inspectionsagency representatives, and regu-
latory agency representatives shall be granted reasonable
access to PVHO manufacturer and window fabricator’s
facilities for the purpose of conducting inspection or quali-
fication activities.

3-2.5"Records

Records required for traceability shall be retained by
the PVHO manufacturer and window fabricator in accor-
dance with para. 1-7.9.
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Section 4
Piping Systems

4-1 GENERAL

4-1.1 Scope

PVHO piping systems
this Section and any adg
the User’s Design Spe
subsection 1-4.

Piping systems cons
contained in this Sectio
tures between 0°F and
sive.

This Section shall be
ASME B31.1 or ASME B3
of the user shall specify
B31 to be used by the

Specific piping within
be subject to other coc
B31.9, Building Service }
dards; NFPA-99 for He
codes.

This Section provide
quirements deemed n4
construction of a PVH
not all inclusive and d|
the responsibility to use

4-1.2 Design and Fa

4-1.2.1 User’s Desig
agent on his/her beh
system be designed, fa
be in compliance with
cause tobe provided, aw

hre subject to the requirements of
itional requirements specified in
cification in accordance with

ructed under the requirements
h are limited to design tempera-
150°F (-17.8°C and 65°C), inclu-

sed as an adjunctive document to
1.3. The user or an agent on behalf
the appropriate section of ASME
Hesigner.

the PVHO piping system may also
les or standards, such as ASME
iping; NFPA Fire Protection Stan-
hlth Care Facilities; and building

s guidance and engineering re-
cessary to the safe design and

piping system. This Section is
oes not relieve the designer of
Competent engineering judgment.

brication

h Specification. The user/or an
hlf, who intends that-a piping
bricated, tested, and ‘certified to
this Section,shall provide, or
ritten User’s Design Specification.

This shall set forth reqiiirements,as to the intended use

and operating condition
adequate basis for desig

5 in suchhdeétail as to constitute an
bning,fabricating, and inspecting

the system as required

p comply with this Section. Those

(e) data that shall be provided to the owner and the
duration of retention of that data by the fabricator if
other than that required by para. 4-1.2.3, and the disposi-
tion of the data should the fabricator go out of business

4-1.2.2 Design Certification. Conformance of<the
piping system design to the requirements of this
Section and the User’s Design Specification shdll be estab-
lished by one of the following procedures;

(a) Professional Engineer Certification=A Professional
Engineer, registered in one or more of the U.S. states
or the provinces of Canada, or the equivalent in other
countries, experienced in piping systems design, shall
certify that the piping system'was designed by them or
under their direct supervision, or that they have thor-
oughly reviewed a designprepared by others, and that
to the best of theipyknowledge, within the User’s
Design Specificatien, ‘the piping system design complies
with this Section:

(b) Independent Third-Party Certification. The piping
system design shall be reviewed by an independent clas-
sification'society competentin pressure vessels for human
occupancy systems, and such organization shall provide a
certification that, within the User’s Design Specification,
the piping system design complies with this Section.

(c) Fabricator’s Certification. The fabricator of the
piping system shall be responsible for complying with
the requirements of this Section. The fabricator shall
provide written certification of compliance with this
Section and with the User’s Design Specification.

4-1.2.3 Data Retention. The fabricator shall retain a
copy of the User’s Design Specification, the Design Certi-
fication, the Fabricator’s Certification, and supporting
data (test data, material test reports, as required by
the User’s Design Specification) for at least 5 yr. A
copy of the piping system User’s Design Specification,
the Design Certification, and the Fabricator’s Certification

requirements shall include, as a minimum, the following:
(a) limitations and boundaries of the piping systems
(b) piping system maximum operating pressures,

required pressurization and depressurization rates, venti-
lation 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

shall be provided to the user with the system.

4-2 MATERIAL REQUIREMENTS

4-2.1 Acceptable Materials

4-2.1.1 Pipe and Tube. Pipe and tube for use in PVHO
piping systems, except as otherwise restricted or
permitted, shall be of a material for which allowable
stress values are listed in Nonmandatory Appendix A
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of ASME B31.1, Nonmandatory Appendices A and B of

ASME B31.3, or Table 4-2.1

a-1

4-2.1.2 Fittings. Unless otherwise restricted or
permitted, the following apply:

(a) Fittings that are attached to a pipe or tube by
welding, brazing, or threading shall conform to the speci-
fications and standards listed in Table 126.1 of ASME

B31.1 and Table 326.1 of ASME B31.3.

(b) Fittings that are attach
methods shall be of a materi
the fitting manufacturer for

hl and type recommended by
the application.

4-2.2 Limitations on Materials

4-2.2.1 Service Requireni

ents. It is the responsibility

of the designer to select matferials suitable for the condi-

tions of operation. All metal
service, breathing gas servic
or steam service and all co
quirements of para. 4-9.
coating with cadmium and
from the following material

(a) carbon steel

(b) iron

Components of beryllium
shall not be used. Compone
not be used for breathing g

ic materials used for oxygen
e, fire suppression, and water
mponents subject to the re-

shall not use plating or
shall not be manufactured

5!

or those containing mercury
\ts containing asbestos shall
hs service applications.

4-2.2.2 Carbon Steel. The use of carbon steel pipe,

tube, valves, and fittings in
to the requirements of para. 1
that they are compatible w
operational procedures an
against corrosion, both inte

The effects of the migratio
products into downstream c
regulators shall be consider

4-2.2.3 Aluminum. Alum
adequate precautions are tg
fluorochlorocarbon lubrig
absorbents. Further, the c
and combinations of hydros
shall be considered in a
marine systems.

4-2.2.4 Castings. Cast
possible porosity and sh

PVHO systems not subject
}-2.2.1 is permitted, provided
th anticipated cleaning and
 are adequately protected
rnally and externally.

n of rust and other corrosion
mponents such as valves and
ed.

Inum may be used only when
ken to prevent contact with
ants and hydroxide*pased
brrosive effect of . seawater
ide chemicals aftd seawater
loys intended for use in

Components are subject to
uldsbe avoided in helium

4-2.2.6 Oxygen Service. Materials that will be exposed
to oxygen and oxygen lubricants shall be compatible with
the combination of oxygen, lubrication, and flowing condi-
tions to which they are exposed. For guidance in the selec-
tion of materials suitable for oxygen service, refer to CGA
G4.4 and ASTM G88.

4-2.3 Lubricants and Sealants

systems for lubricating O-rings, lubricating moving parts
of pressure control valves, and lubricating and sealing
pipe thread joints; however, due to the possible presence
of oxygen-enriched gases and the ultimate use of the gas
for respiratory purposes, lubricants and sealants shall be
selected with care.

(a) Lubricants and sealants used in breathing gas@nd
oxygen systems shall be of a type recommended/by the
manufacturer for the intended service.

(b) Fluorochlorocarbon-based lubricants shall not be
used on aluminum.

4-2.4 Nonmetallic Materials
4-2.4.1 Hose Materials and Pressure Ratings

(a) Maximum Allowable Woxking Pressure (MAWP). All
hoses used in PVHO piping Systems shall have a MAWP
equal to or greater than(the design pressure of the line in
which they are used,\or a suitable relief valve set at the
MAWP of the hosée’shall be provided.

(b) Burst Pressure. The burst pressure rating of any
hose shall ‘be’at least 4 times its rated MAWP. The
effect of fittings on the burst pressure shall be considered
in establishing MAWP.

(c)-Liners. The liners for hoses shall be appropriate for
the intended service. Liners for use with breathing gases
containing helium should also be relatively impervious to
helium. Nylon, polytetrafluoroethylene (PTFE), 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 acceptable
for breathing gas and oxygen service without an off-

gassing test
<) <)

service. Cast, ductile, and

1 11 : . 1
HHIdIIT4dUIT 1T UIl PIPT, LUDt,

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
be compatible with seawater service.

90

(2) Hosestobe 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 compo-
nent.
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(d) Reinforcement Layer. Reinforcement layer mate-
rials shall be compatible with the intended service.

(e) Outer Jacket. Jacket materials shall be compatible
with the intended service. The outer jacket on hoses
intended for helium service shall be perforated or suffi-
ciently permeable to allow escape of gas that may seep
through the inner liner. For other gas service applications,
the designer should consider the possible needs for outer

jacket perforation.

4-2.4.5 Testing

(a) Hoses that are received made up from the hose
manufacturer and that were tested by the manufacturer
in a manner substantially equivalent to the procedure
described in para. 4-9.14 need not be retested.

(b) Locally assembled hose assemblies shall be tested
as prescribed in para. 4-9.14 before being placed in
service. Hose assemblies may be tested individually or

(f) Fittings. Fitting material shall be suitable for the

intended service, and

fitting materials shall comply

with para. 4-2.2. Fittings used on life-critical breathing

devices shall be of typeq
disengagement.

4-2.4.2 Installation

(a) All permanently
such that they are not
than the manufacturer’
in accordance with all
recommendations.

that are resistant to inadvertent

nstalled hoses shall be installed
subject to bending at radii less

minimum rated bend radii and
pther applicable manufacturer’s

(b) Permanently insfalled hoses used to compensate
for expansion and contrjaction shall be installed in accor-

dance with manufactuy
possible, hoses shoul
single-plane bending an
(c) Hoses installed i
levels of cyclic vibratio
this type of service.

4-2.4.3 Marking. H
manufacturer’s name

Fer’s recommendations. Where
l be installed to always be in
1 free of torsional or axial loading.
h locations subject to abnormal
h shall be sized and selected for

pses shall be marked with the
or trademark, type or catalog

number, MAWP, test pressure, and test date. This infor-

mation shall be permang
on a permanently attacl
Metal tags, when used, s
the hose or prevent th
expansion due to press

4-2.4.4 Hoses Subj

ntly printed either on the hose or
ed corrosion-resistant metal tag.
hall be affixed so as not to abradée
e hose from normal bending or
ire.

ect to External Pressure. The

following are required fpr hoses subject to€xternal pres-

sure:

(a) Thehose constru
tant to collapse.

(b) Theliner, if prese
reinforcing layer.

(c) Fittings shall be of
ofthe hose. Fittings that

tion shall be of'atype thatis resis-
ht, shallbé€ securely bonded to the

atype that forms a seal at the end

to pressure shall not be used.

(d) Hoses shall be ins

talled in a manner that minimizes

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.
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(c) Locally assembled hose material intended for
external pressure service shall be tested as follows:

A representative section of hose shall be made up with
fittings of the type intended for use with the hose using
normally expected attachment procedures. The section'of
hose shall be bent 180 deg at a bend radius equal to‘the
minimum bend radius expected in service. The hose shall
be exposed to an external pressure 1.5 times jtS/maximum
system external pressure for 1 hr. Air is«an‘acceptable
pressurizing medium. The hose shall exhibit no evidence
of collapse, either of the casing (outer jacket and reinfor-
cing layer) and liner together, ot of the liner separately.
Hose collapse may be determined by observing the pres-
sure drop at a specific flow ratewof a fluid flowing through
the hose. The pressure drop will increase significantly
when collapse occurs\Note that liner collapse may
occur with no visible deformation occurring in the
casing. Hose collapse may also be determined by filling
the hose with‘water and measuring the amount of
water displacéd as the hose is pressurized.

4-2.4.6) Nonmetallic Pipe and Tube and Bonding
Agents. Design properties of these materials vary
greatly and depend upon the materials, type, grade,
and lot. For new nonmetallic piping assemblies, particular
consideration shall be given to the possibility of

(a) destruction by fire

(b) decrease in tensile strength at elevated tempera-
ture

(c) toxic off-gassing, in-service, and fire condition

(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-
TMents for straignt pipe and tubing under external pres-
sure, the requirements of ASME BPVC, Section VIII,
Division 1 or Division 2 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
ASME B31.1, para. 104.1, or as specified in ASME
B31.3, para. 304.1.
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4-3.2.2 Additional Thickness Requirements. The
thickness determined from the formulas in ASME
B31.1, para. 104.1, and ASME B31.3, para. 304.1 are theo-
retically ample for both bursting pressure and material
removed in threading. The following requirements are
mandatory to furnish additional mechanical strength:

(a) Threaded steel or stainless steel pipe for use at
pressures over 500 psig shall have a minimum ultimate
tensile strength of 48,000 psi (330 MPa) and a wall thick-

4-3.6 Pressure Design of Bolted Flanges and
Blanks

The pressure design of bolted flanges and blanks shall
be in accordance with ASME B31.1, para. 104.5.

Gasket and seal materials and design shall be suitable
for the intended service.

4-3.7 Design of Penetrations Through the Pressure

ness at least equal to Schedule 80 of ASME B36.10M. For
pressures of 500 psi and lesp, threaded pipe shall have a
wall thickness at least equal to Schedule 40 of ASME

B36.10M.
(b) Threaded brass or co

er pipe used for the services

described above shall have g wall thickness at least equal
to that specified above for gteel pipe.

(c) Pipe or tubing subject|to bending shall comply with
the wall thickness requirements of ASME B31.1, Table
102.4.5, or ASME B31.3, pafa. 332.

4-3.3 Bending of Pipe a

Pipe and tube bent or forn
shall be bent or formed as de
102, or ASME B31.3, para.

(a) Bending of pipe and t
shall be performed in accorg
procedure.

(b) Pipe and tube may
method and to any radius
surface free of cracks and b

4-3.4 Stress Analysis of

d Tube

ed for a PVHO piping system
scribed in ASME B31.1, para.

332.

ibe in a PVHO piping system
ance with a written bending

be bent by any hot or cold
that will result in a bend
uckles.

Piping Components

It shall be the responsibility of the designer to deter-

mine that the piping is adequ
piping system is sufficiently
relative movements and chq

Should the designer deter
required, it shall be perform
quirements of ASME B31.1,
para. 319.

4-3.5 Pressure Design o
Intersections

(a) Except as permitted i
cated and the service does n

ately supported and that the
flexible to accommodate the
nges in temperature.

Inine that a stress analysis is
bd in accordance with the-re-
para. 104.8, or ASME\B31.3,

f Fabricated Joints and

h (b), Where joints are fabri-

para. 104.3 or ASME B31.3,

t exceed 5 psig, ASME B31.1,

(b) Fabricated branch ]omts made by brazmg a branch
line into an extruded opening in the run line may be used,

provided that

(1) The line MAWP is 175 psig or less.

(2) The joint meets the
of ASME B31.1, para. 104.3.

reinforcement requirements
1(g)-
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Boundaries of PVHOs

See Nonmandatory Appendix B for guidelines for the
design of piping penetrations through the pressure
boundaries of PVHOs.

4-4 SELECTION AND LIMITATIONS OF PIPING
COMPONENTS

4-4.1 Pressure Requirements

4-4.1.1 Maximum Allowable Working Pressure. The
MAWP of all components shall be equal to or greater
than the maximum operating pressure of the system or
line of which they form a part.

4-4.1.2 Differential Pressurés. Where components
may be subject to differentialsystem pressures, the differ-
ential pressure capacity of.the component shall be equal
to, or greater than, thé . maximum possible differential
pressure; otherwise,\suitable overpressure protection
shall be provided!

4-4.1.3 Alternating Internal and External Pressures.
Components Subject to alternating (i.e., both internal and
external)._pressure shall be designed for the maximum
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 in a single
PVHO piping system shall have the same pressure rating.
When this is not possible, special precautions shall be
taken to prevent inadvertent mixing of materials.

4-4.2 Valves

The designer shall select valves suitable for the
intended service.

4-4.2.1 Valves Subject to Internal and External Pres-
sures. Valves subject to both internal and external pres-

bidirectional 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 blowout-
proof stem designs.
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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 notbe used in oxygen systems witha MAWP over 125
psig. Quick-closing valves (e.g., an excess flow check valve)
may be used regardless of pressure, provided that their
capacity is sufficiently less than the capacity of upstream
components so that clos t i
pressure rise at the inletjto the valve large enough to cause

hazardous adiabatic co

4-4.2.6 Remotely O
ated valves shall be se
fail in the safe positior]
tolerate interruptions 9
override or bypass.

4-4.2.7 Relief Valve
required, relief valves |
pressures in excess of]
be “V” stamped valve
with ASME BPVC, Secti

4-4.3 Filters

4-4.3.1 Element Col
of filters used in breatl
systems shall have a c
or greater than the d

pression heating of the gas.

perated Valves. Remotely oper-
ected and installed so that they
. Valves in services that cannot
hall be provided with a manual

5. Where tamper-proof design is
sed for protection against over-
system service pressures shall
5 manufactured in accordance
n VIIL

apse Pressure Rating. Elements
ning gas and other life-sensitive
llapse pressure rating equal to
esign pressure of the line in

which they are installed, or the filter shall be fitted

with a differential pres
element needs renewal

sure device indicating when the
or cleaning.

4-4.3.2 Element Con

truction. All particulate filters in

pressurized lines in breathing gas and other life-sensitive

systems shall use elem

ts of the woven wire, screen, or

sintered metal types. Siptered metal elements should(be
avoided in high-flow, high-vibration, or other applications
conducive to element [deterioration. Cloth and paper
elements shall not be used.

4-4.3.3 Bypass Reqyirements. In systems where the
ability to maintain uninterrupted seryice is required,
all particulate filters shpll be installed/so that a clogged
filter can be bypassed yithout disrupting the fluid flow
to the end-use point.

4-4.4 Mufflers

4-5 SELECTION AND LIMITATIONS OF PIPING
JOINTS

4-5.1 Welded Joints

Welded joints in PVHO piping systems shall be
constructed in accordance with the requirements of
paras. 127, 131, and 132 of ASME B31.1 or paras. 328,
330, and 331 of ASME B31.3.

pipe size or smaller may be socket welded or butt welded.
Welded joints larger than NPS 2% (DN 65) pipe size shall
be butt welded.

4-5.2 Brazed Joints

Brazing shall be performed in accordance with~ASME
B31.3, para. 333.

The Brazing Procedure Specification and thetPtocedure
Qualification Record shall meet the requirements of ASME
BPVC, Section IX or AWS B2.2.

Fabricator certification of the brazig procedure, proce-
dure qualification, and brazer qualification 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)\Eittings 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 joints shall
be as follows:

Size NPS, in. Pressure
>3 Not permitted
2Y%-3 400 psig
2 600 psig
1Y,-1% 800 psig
1 1,500 psig
<Yy MAWP of the fittings or

pipe, whichever is less

Mufflers used for oxygen service (including vent lines
from oxygen service systems) shall be fabricated of mate-
rials 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.
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4-5.4.3 Lubricants. Any compound or lubricant used
in threaded joints shall be suitable for the service condi-
tions and shall not react unfavorably with either the
service fluid or the piping materials.

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 qual-

A RRDYLL Q

except that brass fittings may be used on stainless steel or
nickel-copper tube under the following restrictions:

(a) Flared Tube.The tube shall be flared using a suitable
flaring tool for the tube material, and a crushable 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

ified welders in accordance prith-ASMEBPYE-Section1x
per ASME B31.1, para. 127.5}, or ASME B31.3, para. 328.2.
Seal welds shall not be consjdered as contributing to the
mechanical strength of a joint.

4-5.4.5 Stainless Steel Threads. To reduce the possi-
bility of galling where pipe threads are to be used between
stainless steel componentg, there shall be a hardness
difference between the thredd surfaces of the two compo-
nents of at least 5 points on he Rockwell B scale, or some

other method of galling pre|

4-5.4.6 Straight Threa
ring-sealed fittings are u
subject the fitting to vibraf
tend to unscrew it, provisi
inadvertent loosening of thg

ention shall be used.

. When straight-thread O-
5ed in locations that may
ion or a torque that would
n shall be made to prevent
fitting.

4-5.4.7 Aluminum Thfeads. A suitable thread

compound shall be used inl

making up threaded joints

in aluminum fittings to preyent seizing. Aluminum pipe

should not be threaded.

4-5.5 Joints and Fittingy

in Tubes

Factors such as vibratiof loads and frequent disas-

sembly and reassembly of
considered in the selection|
to be used.

the piping system shall be
of the type of tube fittings

4-5.5.1 Fittings Subject tp Frequent Disassembly. The

designer shall give special co
fittings in locations where fr¢
sembly is likely. For these Iq
fitting types shall be used:
(a) flare fittings
(b) welded or brazed fitti
mechanical union integral t
(c) O-ring-sealed, straigh

4-5.5.2 Limitations. Co

hsideration to the selection of
quent disassembly and reas-
cations, one of the following

ngs employing.a flat-face seal
b the fitting
-thread fittings

nipression-type fittings of

be pre-swaged using a swaging tool or a suitable
temporary fitting.

4-5.5.4 Cutting of Tube. All tube that s to be used with
flare tube fittings shall be saw cut.

4-6 SUPPORTS

It shall be the responsibility of the designer tosdeter-
mine the support requirements of the piping system. The
suggested support spacing is found in ASME B31:1, Table
121.5, or ASME B31.3, para. 321.

Where detailed support designs andc¢calculations are
required, they shall be performed4n accordance with
ASME B31.1, para. 119, or ASME,B31.3, para. 319, as ap-
plicable.

4-7 INSPECTION

4-7.1 Inspection of Welded Joints

All welds in PVHO piping systems that are subject to
stresses due to,pressure shall be inspected in accordance
with the requirements of Table 4-7.1-1. The inspection
procedufes and acceptance standards shall be in accor-
dance with ASME B31.1, para. 136, or ASME B31.3,
para. 340. The fabricator (or his/her agent) shall
ensure that all inspection personnel are qualified to
perform the required inspections.

4-7.2 Inspection of Brazed Joints

Brazed joints performed in accordance with para. 4-5.2
shall be subject to a visual inspection as a minimum. The
following acceptance criteria shall apply:

(a) Preinserted alloy-type joints may be considered
satisfactory when, before any face feeding, the total
length of exposed brazing alloy between the outside
surface of the pipe or tube and the outer end of the
fitting is greater than %, of the circumference, with the

aluminum shall not be reused: Biu—:-Lypc fiLLiugb stratt
not be used on metallic pipe in PVHO piping systems.
Welded fittings may be used subject to the requirements
of para. 4-5.1. Brazed fittings may be used subject to the
requirements of para. 4-5.2.

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 manufacturer,
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greatest unexposed portion not exceeding 10% of the
circumference.

(b) Face-fed joints shall show a complete ring of
brazing alloy between the outside surface of the line
and the outer end of the fitting.
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4-8 TESTING
4-8.1 Hydrostatic Tests

Pressure testing of the piping systems may be carried
outat either the component or system level. When compo-
nent-level testing is specified in the User’s Design Spec-
ification, a postassembly system leak test to operating
pressure shall be performed.

gas may be hazardous when used as a testing medium, it is
recommended that special precautions for protection of
personnel shall be observed during pneumatic testing.

4-8.2.3 Test Pressure. The pneumatic test pressure
shall not be 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

Where a hydrOStatiC testistrot yuaai‘u}c or—destt a‘u}c,
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 upless otherwise specified by the
owner in the User’s Design Specification. Test water
shall be clean, oil free, gnd of such purity as to minimize
corrosion of the materipl in the piping system.

4-8.1.2 Test Presdure. Piping systems shall be
subjected to a hydrostptic test pressure not less than
1.5 times the MAWP of the system or subsystem. Any
component requiring isplation shall be isolated.

4-8.1.3 Holding Timl. The hydrostatic test pressure
shall be continuously maintained for a minimum of 10
min and for such additional time as may be necessary
to conduct the examinations for leakage.

4-8.1.4 Examination Examinations for leakage shall
be made of all joints|and connections. The piping
system, exclusive of possible localized instances at
pump or valve packingp, shall show no visual evidence
of weeping or leaking.

4-8.1.5 Air Vents. Where a complete piping system is
to be hydrostatically tested, vents shall be provided at all
high points of the piping system in the position in which
the test is to be conductgd, to permit purging of air while
the component or system is filling. As an alternative, the
required venting may be provided by the loosening of
flanges, tube fittings, of union joints in pipelines, of by
the use of equipment vents during the filling of the system.

4-8.2 Pneumatic Tests

4-8.2.1 Limitations.
used in lieu of other nj
as limited in para. 4-8.
following conditions ex

(a) when the User’s
permits the use of this

(b) when piping systems are so designed that they
cannot be filled with water

(c) when piping systems are to be used in service where
traces of the testing medium cannotbe tolerated (e.g, lines
to gas analyzers)

Pneumatic testing shall not be
eans of pressure testing except
.3, or whien one or more of the
st:

Desigh Specification requires or

4-8.2.2 Test Medium. The gas used as the test medium
shall be oil free, nonflammable, and nontoxic or as speci-
fied in the User’s Design Specification. Since compressed
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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 performed in accordance with the requirements
of paras. 4-8.2.2 and 4-8.2.3.

4-8.2.5 Application of Pressure. The pressure in‘the
system shall be gradually increased to not more than % of
the test pressure, after which the pressute ,shall be
increased in steps of approximately %, ofithe test pres-
sure until the required test pressure has’been reached.

4-8.2.6 Holding Time. The pneumatic test pressure
shall be continuously maintained for a minimum of 10
min, after which the pressune shall be reduced to
system design pressure for e€xamination for leakage.

4-8.3 Leak Testing

Using a suitableitest medium, all joints and connections
shall be examined for leakage by bubble testing or equiva-
lent method.at the maximum operating pressure. The
piping system, exclusive of possible localized instances
at valve\packings, should show no evidence of leaking.
Forhelium systems, foaming of the test medium is
allowed. Detectable leaks in oxygen systems shall not
be permitted at any location.

Following either pneumatic or hydrostatic testing, the
piping system shall be leak tested in final assembled condi-
tion.

4-9 SYSTEMS

There are various system and component selection
considerations that may affect the operational safety of
a PVHO piping system. Requirements regarding specific
safety and component issues are found in this subsection.
These requirements are not intended to be used in totality
for all PVHO piping systems but rather should be applied

which the PVHO will be used.

It is the owner’s and/or the designer’s responsibility to
determine which of these requirements is applicable to
the PVHO piping system being designed.

Specific subsection 4-9 requirements being applied
shall be enumerated in the User’s Design Specification
and thereby become mandatory.
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4-9.1 System Design Requirements

The designer shall use the requirements in this subsec-
tion as appropriate for the specific industry PVHO piping
system being designed. It is intended that only those re-
quirements determined by the designer to be applicable
be mandatory, and the designer should be thoroughly
familiar with this subsection before application of
these requirements. It is the designer’s responsibility

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
routine PVHO operations from exceeding those deter-
mined in appropriate national standards to cause
damage or discomfort to the PVHO occupants.

to determine the specific a
in accordance with accepte
quirements, and safety. Thos
datory by the designer bec
regulatory requirement s}
Design Specification.

4-9.2 Pressurization ang
Systems

4-9.2.1 Pressurization
The PVHO pressurization a
shall be capable of providing
tion and depressurization 1
Design Specification. Wh
comes from a stored gas
rates specified in the User
be maintainable at maximu
storage pressures over 509

4-9.2.2 Ventilation Rate
operation in a continuous v

ppiication of SubSection 4=9
 practice, jurisdictional re-
e requirements deemed man-
huse of industry, service, or
hall be listed in the User’s

Depressurization

d Depressurization Rates.
d depressurization systems
the full range of pressuriza-
ates specified in the User’s
bn the pressurization gas
bystem, the pressurization
s Design Specification shall
m PVHO pressure at all gas
of maximum.

5. On all PVHOs designed for
ntilation mode, the pressur-

ization and depressurization system shall be capable of

maintaining all required ve

htilation rates while holding

depth stable to within t
User’s Design Specificatio
be provided with a mean
flow of ventilation gas thro

4-9.2.3 Stored Gas Res
stored gas reserves vary wi
a PVHO system shall be use
all pertinent operational an

4-9.2.4 Exhaust Inlet
PVHO exhaust lines shall

e range specified by the
. Such systems should also
of indicating the rate of
gh the PVHO.

rves. The requirements fof
h the application for which
. The designer shall consider
jurisdictional requitements.

rotection. The inlets to all
e fitted with a device that

prevents a PVHO occupant from inadVertently blocking
the opening to the line with a part of his/her body or
be located in normally unocCupied areas, such as
under the PVHO floor. PVHOexhaust line inlets shall

4-9.3 Pressure Boundary Valve Requirements

4-9.3.1 Internal Pressure PVHOs. All lines penetrating
the pressure boundary of a PVHO subject only to internal
pressure shall have a stop valve or a check valve, as appro-
priate, on the outside of the PVHO, as close as possible to
the penetration. Where stop valves are placed in locations
that prevent ready access in an emergency, they shalDbe
provided with operators that are controllablé from
suitable accessible locations. Depressurization lines,
drain lines, and other lines that normally cémmunicate
between PVHO pressure and outside atmospheric pres-
sure shall also have a second valve, This second stop
valve may be located either inside orlelitside of the PVHO.

4-9.3.2 External Pressure RVHOs. All lines pene-
trating the pressure boundary of a PVHO normally
subject only to external preéessure shall have a stop
valve or check valve, asappropriate, as close as practically
possible to the penetration on the inside of the PVHO. A
second stop valvesshall be provided on lines that are
normally open t@“external pressure.

4-9.3.3 Internal and External Pressure PVHOs.
PVHOs, that'may be subject to both internal and external
pressureshall meet the requirements of paras. 4-9.3.1 and
4-9.3:2.

4-9.3.4 External Override. When valves are provided
inside a PVHO to permit 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 lines or on
lines of similar capacity. The fundamental requirement is that
there be some means provided, in advance, for gaining access to
the PVHO if the inside personnel becomes incapacitated.

4-9.3.5 Special Requirements for PVHOs Used for
Saturation Service. For PVHOs designed to be used for
saturation applications, all lines that are open to PVHO

also be located such that, where applicable, discharge
of the fire-suppression system will not result in water
collecting in the bottom of the PVHO being injected
into the exhaust line.

4-9.2.5 Exhaust Locations. The exhausts from the
depressurization system of PVHOs located inside enclo-
sures shall be piped to a location outside the enclosure
and at least 10 ft (3 m) away from any air intake.
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pressure except pressure relief lines and pressure refer-
ence lines (e.g, all lines used for pressurization, depres-
surization, external gas, or water conditioning systems)
shall have double valves with one stop, or check, valve
inside the PVHO and the other valve outside.

4-9.3.6 Flow-Rate-Sensitive Valves. When check
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


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

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 uncontrolled loss of pressure, are an acceptable
alternative to the flow-rate-sensitive valves described
in para. 4-9.3.6. Such valves may be used to satisfy the
second stop valve requlrements of paras. 4-9.3.1,
4-9.3.2, and 4-9.3.5, previde v S .
closed manually with¢ut triggering Closure of other
valves. Remotely opefated valves used in pressure
boundary applications shall also have a manual actuation
capability, or a secondaly means of pressurizing and/or
depressurizing the PVHP shall be provided for use if the

valve becomes inoperal

4-9.4 Depth Gauges
4-9.4.1 Quantity anc

(a) Each internal pr|
PVHO system shall hay
gauge (PVHO compartm|
compartment PVHO in
system operator. Each
systems other than m
shall have a second d¢
either inside or outside]

(b) External pressuy

ble.

Location

pssure PVHO compartment in a
re at least one dedicated depth
ent pressure indicator) indicating
fernal pressure to the PVHO or
compartment or PVHO in PVHO
edical monoplace PVHOs also
pth gauge that may be located
the PVHO.

e PVHOs and PVHOs subject to

both internal and extermal pressure shall have dedicated

gauges indicating both i
the PVHO or system op
cating these pressures t
occupants are also thg
submersible.

4-9.4.2 Calibration
permit depth gauges
against other system d
to the PVHO or system
gauge for accuracy.

4-9.4.3 Piping. The
their associated PVHOs
purpose. The inside did
not be smaller than 0.1

hternal and external pressures to
brator, and separate gauges indi-
b the PVHO occupants, unless the

operators, as in the case of a

A means shall be provided to
to be checked, while inuse,
bpth gauges normally aceessible
operator, or an extermal~master

ines connectingydepth gauges to
shall not beused for any other
meter of depth gauge lines shall
P in. (3. mm).

4-9.4.4 Valve Arratgements. Valve arrangements

used with depth gauges

hall'be designed so that the pres-

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 one, except for diving bells where the number of
breathing 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 Compatlble

with the type of breathmg apparatus listed in the
User’s Design Specification.

4-9.6.2 Redundancy of Breathing Gas Supply. The
piping system shall be designed so that breathing gas
can be delivered to the breathing gas outlets in P¥HOs
and to the divers’ breathing gas manifold ipydiving
bells from at least two supply sources.

4-9.6.3 Stored Gas Reserves. The designer shall
consider all operational and jurisdictionalrequirements.

4-9.6.4 Multiple Gases. Where gases of different
composition are connected to@-distribution manifold
or other distribution system,‘a jpositive means shall be
provided to ensure that leaking valves will not result
in an improper gas being.supplied to the end-use point
or result in backflow from one supply gas into the distri-
bution system for @hother supply gas.

4-9.6.5 Labeling of Breathing Gas Outlets. All
breathing gas-outlets shall be labeled. Where the gas
suppliedAs always known, the label shall indicate the
type.of gas supplied, such as “Oxygen.” Where the gas
supplied is subject to change based on operational re-
Quirements, the label shall contain a generic term, such
as “Breathing Gas.”

4-9.6.6 Separation of Breathing Gases. This Standard
recognizes that complete separation of breathing gases of
different types is generally not possible in PVHO applica-
tions. The designer shall take all reasonable steps to mini-
mize the number of locations/situations where gases of
different compositions need to use common distribution
equipment and/or common 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. 4-9.7.6.

sure source to which each gauge is connected is clearly
indicated to the system operator.

4-9.5 Pressure Gauges Other Than Depth Gauges

All breathing gas and life-sensitive systems shall 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.
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4-9.7 Pressure Control Valves

4-9.7.1 Performance Characteristics. The perfor-
mance of a pressure control valve is characterized
primarily 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
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outlet pressure at the 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 is usually the controlling factor in design.

(b) limit flow capacity. This factor is a function of
upstream pressure, orifice size, downstream pressure,
and outlet porting size.

N = maximum number of breathing apparatuses to
be supported at one time
Q = regulator capacity at minimum design inlet

pressure, ft3/min (L/min)

RMV = maximum anticipated user respiratory minute
volume, in ft3/min (L/min) at usage pressure;
the minimum RMV that may be used is 1.41 ft*/
min (40 L/min) for a working diver and 0.7 ft3/
min (20 L/min) for a resting diver or PVHO

4-9.7.2 Seats. All pressuie controt-vatvesused-intife
sensitive systems shall employ soft seats capable of
bubble-tight shutoff.

4-9.7.3 Filters. All pressyre control valves used in life-
sensitive systems, except thpse used in overboard dump
systems for breathing masks, shall be provided with an
upstream particulate filter fhat meets the requirements
of para. 4-4.3.

4-9.7.4 Gauges. Gauges il
sure shall be provided with a
they shall be located so as to
adjusting the setting of the

dicating the controlled pres-
| pressure control valves, and
be clearly visible to a person
pressure control valve.

4-9.7.5 Bypass Requirements. Except as otherwise

required in para. 4-9.7.6
ability to maintain uninter
all regulators shall be provi
regulator of equal size or 3
valve.

b), in systems where the
rupted service is required,
Hed with either a redundant
manually operated bypass

4-9.7.6 Pressure Control Valves Used in Demand

Breathing Systems

(a) Capacity Requirement
rates, both inspiratory an
breathing system are norfy
net average flow as represern
minute volume. Thereforg
control valves used to supf
apparatus shall be compute|

Q=r(N)(1

where
D = maximum usage
F = factor, to be taken
to support a lowg

NOTE: F = 1 assum

5. The peak respiratory flow
d expiratory, in a demand
nally 3.0 to 3.14 times the
ted by the user’s respiratory
, the capacity of pressure
ort demand-type breathing
d as

)(RMV)(F)

Hepth, atm absglute
as 1.0 unless'datais available
r numbet;

bs allgas users inhale or exhale

simultaneously. Con

sequently, as Nbecomes large, F

occupant

(b) Bypass Requirements

(1) The pressure control valves in piping circuits
supplying breathing gas to divers using demand breathing
apparatus in the water or in a diving bell shall be either of.
the following:

(-a) provided with a bypass loop contajning a
second pressure regulator of equal capacity ané.appro-
priate related components

(-b) arranged as a series of two or more pressure
control valve stations each with a hand-eperated bypass,
appropriate related components, and,a pressure control
valve capable of accepting full initial supply pressure and
providing regulated outlet conditions appropriate for the
end-use function

(2) Hand-operated bypass valves may be used in
systems supplying gas™to PVHO mask breathing gas
outlets, provided that adequate overpressure relief is
provided.

(3) Bypass-capability is not required for pressure
control valves supporting single consumers where a
service frdterruption is tolerable, e.g., for pressure
controlvalves dedicated to each of several mask breathing
gas outlets in a PVHO.

(4) Bypass capability is not required for pressure
control valves supporting overboard dump manifolds
in PVHOs.

4-9.8 Pressure Relief Requirements
4-9.8.1 Overpressure Relief

(a) All systems that may be subject to internal pres-
sures in excess of their design pressure shall be provided
with overpressure relief devices capable of maintaining
system pressure not to exceed 110% of design pressure.

(b) Systems located inside of PVHOs that are normally
pressurized at less than PVHO pressure shall be equipped

will approach 0.5. F

or N = L or Z, F shall be taken as

1.0. For N > 2, F may be reduced as warranted by
testing or experience with prior designs. F may
also be reduced if it can be shown, either experimen-
tally or analytically, that sufficient volume 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 require-
ments and the regulator capacity provided. In no
case may F be reduced below 0.5.

with relief devices (check valves are acceptable) if any of
the components in the system (e.g., 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 pressure shall
be equipped with vacuum breakers if any of the
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components of the system (such as pressure gauges) are
subject to damage, if the PVHO is pressurized without
pressure in the system.

(b) Piping or components located inside of PVHOs that
are normally pressurized to a level less than PVHO pres-
sure (e.g., mask overboard dump lines, medical suction
lines, etc.) shall be provided with vacuum relief valves
capable of relieving underpressures in excess of the

maximum limits establi

shed by the system designer.

(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.

4-9.9 Color Coding

4-9.9.1 Consistent Color Codes. PVHO piping systems
shall employ a consistent color coding system. Suggested
guidelines are provided in Nonmandatory Appendix C.

4-9.8.3 Rupture Diles. Rupture disks shall not be used

except on gas container

4-9.8.4 Division Val
ating at different pressu
shall be provided that
system pressure.

4-9.8.5 Pressure-R
shall be provided on th
sure-reducing valves, (
the low-pressure side

the full system pressure.

The relief devices sha
the reducing valve. The
shall be such that the de
piping system will not K
the reducing valve fails

4-9.8.6 Bypass Val

S.

yes. Where piping systems oper-
es are connected, a division valve
chall be designed for the higher

bducing Valves. Relief devices
e low-pressure side of the pres-
r the piping and equipment on
hall meet the requirements for
| be located as close as possible to
total relieving capacity provided
bign pressure of the low-pressure
e exceeded by more than 10% if
open.

ves. Where manually operated

bypass valves are permitted around pressure control

valves, they shall not

have a maximum flow capacity

greater than the reduciphg valve unless the downstream

piping is adequately
meets the design requir
sure.

brotected by relief devices or
pments of the higher system pres-

4-9.8.7 Stop Valves. There shall be no stop valves

between piping being
device or devices, excep
between a relief valve

protected and its protective
that stop valves may be installed
and the piping being protected

under the following cof
(a) when, in the jud
from a relief valve fa
presented by the pos
system overpressure pl
(b) when astop valve

ditions:

ent of the desigrietythe hazard
ling open exe€eds the hazard
ible concurtrent occurrence of
s a closed:stop valve

is provided between a relief valve

and the associated protgcted piping, the valve shall be per
the designer’s specifichtionfor the fluid piping being

4-9.9.2 Owner’s Responsibility. Color code require-
ments vary substantially between the various jurisdic-
tions in which PVHO systems may be used. It shall be
the responsibility of the designer to specify the required
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 contents,
direction of flow (when appropriate), ahdyMAWP.

4-9.10.2 Critical Components. ‘The designer shall
determine all critical components’whose function is
not obvious from their location,and appearance. These
components shall be labeled/as to function.

4-9.10.3 Panel-Mounted Components. All compo-
nents that are mounted ‘in panels shall be labeled as to
function.

4-9.11 Soft Goods

4-9.111 Breathing Gas Systems. Soft goods used in
breathing gas service shall be compatible with intended
service fluids at the anticipated maximum pressures and
Shall be compatible with all anticipated cleaning proce-
dures.

For breathing gas systems using oxygen-enriched gases
(greater than 25% oxygen), consideration shall be given to
the soft goods flammability in the oxygen-enriched envi-
ronment. ASTM G63 and ASTM Manual 36 provide
guidance.

4-9.11.2 Other Systems. Soft goods used in other
systems shall be compatible with the fluids contained,
at the maximum anticipated conditions of temperature
and pressures.

4-9.12 Lubricants and Sealants

protected, and the relief device shalt be per ASME
BPVC, Section VIII, Division 1, UG-125 through UG-136,
or Section VIII, Division 2, Part 9

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 overpressur-
izing the space.
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S€e para. 4-2.3, ASTM Gb63, and ASTM Manual 36
regarding appropriate materials and practices.

4-9.13 Cleaning Requirements

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 fabri-
cation. The following are recommended guidelines:
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(a) A written cleaning procedure with well-defined
procedures, personnel responsibilities, acceptance/
recleaning criteria, marking, packaging, and storage re-
quirements shall be developed and implemented.

(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

(a) hydrocarbon: for this test procedure, all organic
compounds detectable by a total hydrocarbon analyzer

(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

during the selection of al] materials, especially soft
goods, and during the layoyt of the piping.

4-9.13.2 Components Located Inside PVHOs. Piping
components that are to b located inside the PVHO
shall also be cleaned on their exteriors. The exteriors
of components for use insjde marine systems should
show no visible signs of oil or grease. The exteriors of
components for use inside PVHOs with elevated

oxygen environments sh
typical of oil or grease wher
light.

4-9.13.3 Prohibited Cle
oethylene shall not be us
systems or any components
NOTE: When gas is passed thr
bed (such as those used in most

dual trichloroethylene can decqd
oacetylene.

4-9.14 Off-Gassing Test
Breathing Gas Se

4-9.14.1 Background. So
manufacture of hoses can g
if inhaled. For hoses to beg
breathing gas service, the)
test described herein.

uld show no fluorescence
examined under ultraviolet

aning Materials. Trichlor-
ed to clean breathing gas
to be located inside a PVHO.

ugh a moderately heated alkali
carbon dioxide scrubbers), resi-
mpose into highly toxic dichlor-

for Hoses Used for
rvice

me components used in the
ive off vapors that are toxic
considered acceptable for
f shall pass the off-gassing

{a) Off-gassing measurements shall he made only on
hoses that have not been flushed with air, gas, or
water. Both the total hydrocarbon analyzer and the
hose or hoses to be tested shall be maintained at a
temperature not lower than 73°F (22.8°C) throughout
the testing period.

(b) By this procedure, measurements are made of thé
increase in the hydrocarbon concentration of a stream of
air flowing through the testhose ata flow rate of 28 LPM (1
CFM). The temperatures of the test hose, air supply, and
analyzer shall not be lower than 73°F (22.8°C)~A'diagram
of the flow arrangement is shown in Figuré4-9.14.2-1.
Before the air passes through the test*hose, the air
shall be clean and shall contain no_foore than 1 mg/m?
of hydrocarbons (methane equivalents). The analyzer
shall be zeroed with air passing.at the stipulated flow
rate and temperature through the connector tubes
only. The test hose shall,then be inserted in the line
and the airstream passed through it. For the ensuing
15 min, readings of the hydrocarbon concentration
shall be recorded/The test hose shall be rated on the
reading at the“end of the 15-min test period. Hoses
that contaminate the air by greater amounts than specified
in Table,4<9.14.2-1 shall not be acceptable.

4-9.14.3 MIL-H-2815 provides guidance in testing
hoses.
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Table 4-2.1.1-1 Maximum Allowable Stress Values for Seamless Pipe and Tube Materials Not Listed in Nonmandatory
Appendix A of ASME B31.1

Maximum Allowable
Stress Values in Tension,

Material Specification Temper or Grade Strength, ksi ksi
Alpha-brass British Standard 1306 54 10.8
Copper water tube ASTM B88, Types K & L Drawn 36 6.0

GENERAL NOTE: 1 ksi = 1,000 psi.

Table 4-7.1-1 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 longifudinal) Pressure boundary and life-sensitive piping RT, all sizes
Otherwise, RT for NPS over 2 in., MT or PT for NPS\2\n. and less
Branch welds (intersection |and nozzle); size indicated is branch size ~ RT for NPS over 4 in., MT or PT for NPS 4 in. and‘less

Fillet welds, socket welds PT or MT for all sizes and thicknesses

GENERAL NOTES:

(a) RT = radiographic exanjination; MT = magnetic particle examination; PT = liquid penetrant examination; NPS = nominal pipe size.

(b) For vent lines not subject to chamber pressure, MT or PT may be substituted for RT.

(c) All welds shall be given|a visual examination in addition to the type of specific nondestructive test specified.

(d) Itshould benoted thatit]simpractical to radiograph some branch connections due to the angle of intersection or the configuration. If the joint
configuration precludes|RT, other nondestructive testing (NDT) methods should be substituted to establish the quality of the joint.

(e) Nondestructive examindtions specified above do not apply to components made to standards.listed in ASME B31.1, Table 126.1, or ASME
B31.3, Table 326.1.

101


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

Figure 4-9.14.2-1 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 4-9.14.2-1 Maximum

-~

Sample hose

~N D:E:D“(;I ~— Compressed
S

Allowable Concentration of
Hydrocarbons in Air Irassing Through Hose

Hose Hydrocarbor] Concentration as Methane
Length, ft Eqfiivalents, mg/m?®
3 4
100 100

Flowmeter
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Section 5
Medical Hyperbaric Systems

5-1 GENERAL
5-1.1 Scope

This Section, along wi
minimum requirements
tion, testing, and certific
fically in medical hyper

5-1.2 User’s Design ¢

The user, agenton the
shall provide or cause td
ification in accordance
cation shall set forth the
use of the chamber and d
as to constitute an adeqy
as necessary to comply
include, as a minimum,

(a) rated number of

(b) maximum operat

(c) pressurization/dg
rates, and the conditio
to be maintained

(d) requirements affi
reserves

(e) number of breath
teristics

th Sections 1 through 4, provides
for the design, assembly, inspec-
hition of PVHO systems used speci-
baric therapy.

bpecification

user’s behalf, or the manufacturer
be written a User’s Design Spec-
vith subsection 1-4. This specifi-
requirements as to the intended
perating conditions in such detail
ate basis for designing the system
r with this Standard. They shall
the following:

occupants

ng pressure

pressurization rates, ventilation
hs under which those rates are

ecting the amount of stored gas

ing gas outlets and their characs

(f) temperature and humidity control requirements, if

any
(g) fire-suppression
(h) minimum and m
(i) type(s) of breathi
(j) pressurization ga
(k) theedition(s) of o

Fequirements
ximum operating temperatures
hg gas delivery.systems
(air or oxygen)
ther codes and/or standards used

in the development of the User’svDesign Specification

5-1.3 Documentatiorn

5-1.4 Viewports

All chambers shall have at least one viewport in each
compartment for viewing the chamber interior and its
occupants.

5-1.4.1 Monoplace Chambers. Monoplace chambers
shall have sufficient visual access to permit the
chamber operator to observe at least thé.,patient’s
head, face, chest, and arms.

5-1.4.2 Multiplace Chambers.(Multioccupancy
Chambers). Each multiplace chamber compartment
shall have at least one viewpert positioned to support
visual communication between one or more persons
located inside and oné.or more persons located
outside the compartment. Additional methods [e.g.,
closed circuit televisions (CCTVs)] may be used to
enhance viewing ofthe interior of each chamber, compart-
ment, and occupants by the operator. CCTV systems shall
have sufficient’backup power for emergency situations.

5-1.5 Quick-Actuating Closures

Quick-actuating closures that have the potential to be
opened while pressurized, such as most medical lock outer
doors, shall be designed in accordance with the require-
ments for quick-acting closures contained in ASME BPVC,
Section VIII, Division 1, UG-35.

5-1.6 Personnel Entry Lock

Chambers intended for medical treatment at 3 ATA or
less thatdo not normally incur a decompression obligation
for the patients shall not be required to have a personnel
lock.

5-1.7 Penetrations

Additional penetrations to provide for access for sensor

(a) PVHO documentation shall be in accordance with
para. 1-7.9 and the requirements of other codes and stan-

dards as required.

(b) Viewport (window) documentation shall be in
accordance with Section 2.
(c) All documentation should be retained by the user

for the life of the PVHO. I
user, all documentation

fthe PVHO is transferred to a new
should accompany the PVHO.

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 configura-
tion of doorways and/or hatches for safe access and egress
of personnel and patients.
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5-1.9 Medical-Use PVHO Certifications

The piping systems for PVHOs intended for use as
medical devices, designed and manufactured according
to the manufacturer’s standard commercial design,
shall comply with the U.S. Food and Drug Administration
(FDA) Design Control Requirements (C.F.R.) Part 820,
Quality System Regulations. Standard products meeting
the requirements of the FDA are exempt from the require-

ments stated in paras. 4-1.2

5-2 PVHO SYSTEM DESI

System design shall be
depressurization rates, gas

IGN

such that pressurization/
fomposition limits, contami-

nant control, ventilation, firg-suppression system perfor-
mance, and heating and cqoling requirements can be
maintained in accordance wjth the User’s Design Specifi-

cation and other applicable c
NFPA 99, Health Care Facil
chapter covering hyperbari

5-3 GAS SYSTEMS
5-3.1 Gas Storage Requi

Storage for medical treat

pdes and standards. (Refer to
ties, latest edition, relevant
facilities for guidance.)

rements

ment systems vary in scope

and detail depending on the type of system and the
number of occupants; thergfore, when establishing the

design specifications for th|
shall consider the specific re
and Section 4.

5-3.2 Breathing Devices

The minimum flow rates
comfort and safety shall

e gas systems, the designer
juirements of the installation

sufficient to ensure patient
be identified in the User’s

Design Specification. (Refer o NFPA 99, Health Care Facil-

ities, latest edition, relevant
facilities for guidance.)

chapter covering hyperbaric

Supply systems for patlient hoods shall have)the
capability of supplying a minimum flow of exygen of

40 L/min at chamber desig
to each hood.

5-3.3 Breathing Gas Ou

h conditions simtltaneously

lets

Each PVHO treatment compartment, other than amono-

5-4.2 Communications

Control console or stations shall be equipped to provide
communication with each compartment.

5-5 ENVIRONMENTAL SYSTEMS

5-5.1 Environmental Conditions

All systems and components shall be capable of oper-
ating satisfactorily and safely in accordance with their
specifications at the environmental conditions stated.
The designer shall give specific consideration to the
comfort of the patients in deciding whether environ-
mental control of the chamber atmosphere is required
or whether ambient conditions will suffice.

5-5.2 Temperature

Patient comfort shall be maintained by supplemental
heating or cooling, as required.

5-5.2.1 Multiplace Chambers. If multiplace chambers
are equipped with heating or cooling syStems, provision
shall be made to shut off the heating or cooling system in
the event of malfunction.

5-5.2.2 Monoplace Chambers. Temperature control
for the chamber area shallbe considered for monoplace
chambers.

5-5.3 Humidity

A specificsystem for the control of humidity is not man-
datory if other methods such as ventilation or circulation
are sufficient to maintain patient comfort in accordance
with\the User’s Design Specification.

5-5.4 Contaminants

Sources of volatile, toxic, or potentially toxic contami-
nation shall be minimized to the extent practical. Possible
sources of contamination include off-gassing of nonme-
tallic materials.

5-5.5 Lighting

There shall be sufficientlighting in or around a chamber
to see the patient(s), the chamber control console, and
chamber support equipment systems.

place chamber, shall be ¢quipped with fittings for
breathing mask, patient hood, or endotracheal device
corresponding to the number of occupants.

5-5.5.1 External Lighting. External lighting fixtures

shall not come into contact with or be allowed to overheat
the surface of a window in excess of its maximum design
temperature in accordance with Section 2.

5-4 CONTROL SYSTEMS AND INSTRUMENTATION
5-5.5.2 Emergency Lighting. Emergency lighting shall

5-4.1 Controls Location be provided.

Primary operation shall be external to the chamber. If
remote or automated controls are used, manual overrides
shall be provided and easily accessible.

104


https://asmenormdoc.com/api2/?name=ASME PVHO-1 2019.pdf

ASME PVHO-1-2019

5-5.6 External Heat Sources

External heat sources in addition to lighting fixtures
shall not come in contact with or otherwise heat the
surface of a window in excess of its maximum design
temperature.

5-5.7 Access to Emergency Equipment

No permanent seat or stretcher shall block the aisles,

If a suction system uses pressure differential for the
vacuum while at depth, there shall be a vacuum source
for use on the surface.

5-5.9 Accidental Depressurization

(a) If a sink, water supply, or drainage system is used,
provisions shall be made to prevent unintentional depres-

surization of the system.
L) A ol At di

hatches, doors, medichl locks, handheld hoses, fire-
suppression controls, of any emergency equipment.

5-5.8 Suction Systen

All systems for use ins
line to keep waste mat

1S

de a chamber shall have a trap in-
rials out of the piping system.

i + 1 L L + +l
(O Ty —totree—ttat TSP ta—to— a1 Strargt—to—tnc

outside of the chamber shall have a holding tank and a
dual-valve safety interlock system.

(c) Any toilet that flushes to the outside of the chamber
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

6-1.1 Scope

6-1.1.1 PVHOs. This Sed
through 4, provides the requ
cation, assembly, inspectio
stamping of PVHOs used in
but is not limited to

(a) deck decompression

(b) diving bells

(c) transfer locks

(d) saturation living char

(e) rescue chambers

(f) hyperbaric evacuation

(g) diving subsystems/cg

(h) diver lockout chambd

(i) hyperbaric stretchers

6-1.1.2 Components. |
includes, but is not limited t
(a) doors
(b) hatches
(c) penetrations and fitti
(d) medical and service 1
(e) quick-opening closure
(f) viewports
(g) light-transmitting dey
(h) electrical penetrators
(i) trunks and tunnels

tion, along with Sections 1
rements for the design, fabri-
h, testing, certification, and
living systems. This includes

thambers

hbers

systems
mponents
rs

[he scope of this Section
b, the following components:

ngs
bcks
S

ices

6-1.2 User’s Design Spegification

A User’s Design Speci
subsection 1-4, shall be wj
system. The Specification sh
as to the intended use of the
operating and environmentd

fication, as’described in
ritten for<the PVHO diving
1l set forth/the requirements
PVHO" Y component and the
1 eanditions in such detail as

(e) maximum number of pressure cycles

(f) maximum/minimum internal/external pressures

(g) operating temperatures

(h) storage conditions/temperatures

(i) number, size, and type of penetrators, doors,
hatches, windows, and service locks

(j) corrosion allowance

(k) environmental requirements

(1) special design considerations applicable to*normal
and emergency service, e.g., requirements fopthe sizing of
the diver lockout hatch [i.e., the diver dress and potential
underwater breathing apparatus (UBA)to be used]

(m) fire suppression

6-1.3 Design Certification

Conformance of the completed PVHO to the require-
ments of this Standard.and the User’s Design Specification
shall be established by the following procedures:

(a) A competent/Professional Engineer, registered in
one or more of*the U.S. states or provinces of Canada,
or the equivalent in other countries, and experienced
in the design of PVHOs, shall certify that the PVHO or
component was designed or completely reviewed by
the engineer or under the engineer’s direct supervision,
and ‘that to the best of their knowledge, it meets the re-
quirements of the User’s Design Specification and
complies with this Standard.

(b) Alternatively, the PVHO or component shall be
reviewed by an authorized government agency or an inde-
pendent classification society competent in pressure
vessels for human occupancy, and such organization
shall provide a certification that the PVHO or component
complies with this Standard and the User’s Design Spec-
ification.

6-1.4 Documentation

to constitute an adequate Basis{for-design—fabrication;
inspection, and testing of the PVHO or component neces-
sary to comply with this Standard. The User’s Design Spec-

ification shall include

(a) number of intended occupants

(b) maximum operating pressure/depth

(c) required pressurizationand depressurization rates,
ventilation rates, and conditions under which rates are to

be maintained
(d) intended operational

environment

The user shall be provided with the following data and
documentation:

(a) User’s Design Specification

(b) PVHO and/or PVHO component certification

(c) PVHO window certificates in accordance with
Section 2

(d) viewport and window drawings

(e) applicable ASME data reports and partial data
reports

(f) any classification society certifications
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necessary for the maintenance,

inspection, and repair of the PVHO

6-1.5 Useful References

The designer should

be familiar with the references

contained in Nonmandatory Appendix F.

6-2 DESIGN

6-2.1 General

PVHOs, their compo
designed for the envii
they are intended to o
attention shall be give
water, sea, air, and chlg

The PVHO shall be d
inspected, tested, and
Section 1. The design
conduct planned maint

The design of the divir
priate backup systems a
of both the occupants a
event of any single faily

6-2.2 Design Loads

The designer shall add
on the PVHO. These m4
(a) internal and exte
(b) dynamic loads
(c) local loads includ
reactions, and discontin
(d) loads due to exp
(e) loads due to we
mounting
(f) transportation log
(g) test loading and
(h) entrapped water
(i) loads due to liftin|
(j) loads due to ext

Roll, List, Pitch, Trim,
Design deg deg deg deg
Mounted on a conventional ship or +22.5 #15 +10 +5
construction barge
Mounted on a semisubmersible +15 +15
Components in a bell +45 225

hents, and attachments shall be
onmental conditions in which
perate. For example, particular
h to the corrosive effect of salt
rinated water, as applicable.
esigned, fabricated, assembled,
certified in accordance with
should facilitate the ability to
bnance and inspections.
g system shall incorporate appro-
nd equipment to ensure the safety
hd the operating personnel in the
re.

ress in the design all forces acting
y include but are not limited to
rnal pressure forces

ing impact, lifting force localized
uities

nsion and contraction

ght of contents, or equipment

ds

Configurations

loads

g, handling, or mounting

ernal connections,(e/g., bell or

escape tunnel clamped fo a chamber, piping connections,

etc.)
(k) wave loads
(1) operation and em
(m) vibration loads
(n) seismic loads

ergency loads

id aN i 1L_£, £
STOCT Tt X e aTrTOTCCS—tratts

6=2.3—Environmentat 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

(e) exposure to marine conditions

(f) corrosion

(g) exposure to temperature extremes

6-2.4 Corrosion

The design shall consider/corrosion allowance and/or
mitigating process based onthe operating environment as
defined in the User’s Design Specification. Areas of pres-
sure vessels subject t0’corrosion shall be protected by an
appropriate means,

6-2.5 External Pressure Rating

Compganents of PVHO pressure boundaries subject to
external pressure shall be designed in accordance with
Section 1.

6-2.6 Impact Protection

The designer shall provide protection to the pressure
hull of the PVHO and critical components (e.g., viewports
and emergency gas supplies) that may be subject toimpact
during operations and transportation. This protection
should also be designed to minimize the risk 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 inadvertent

The design shall co
mitted to the PVHO.

For marine design purposes, these forces shall be at

least 2.0g vertical, 1.0g transverse, and 1.0g longitudinal,
unless otherwise determined, all acting simultaneously
while the chamber is pressurized. Consideration shall
be given to inclinations as follows:
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release.

6-2.8 Occupant Requirements

6-2.8.1 All PVHOs shall have an entry lock or the
capability of being mated to another PVHO as a
method for access to the occupants while under pressure.
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all apply principles of ergo-
fthe PVHO. The recommend-

ed minimum internal dimensions and volumes are as

follows:

(a) saturation living chambers — sized to allow occu-
pants 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

6-2.11 Emergency Recovery of Diving Bells

6-2.11.1 General. This subsection addresses the
design, construction, and testing of emergency recovery
equipment on diving bells.

6-2.11.2 Design. All diving bells shall be equipped with
a secondary lifting point, meeting the same requirements
as the primary lifting point, to facilitate the attachment of
an emergency lifting wire.

(c) diving bell (SDC) for
(1) two occupants —
volume
(2) three occupants —
volume
(d) deck decompressio
(DDC) — sufficient to accom
dant

6-2.8.3 PVHOs intended
longer than 24 hr in other th3
have, or be capable of co

105 ft* (3.0 m®) floodable
160 ft*> (4.5 m®) floodable

1 /recompression chamber
modate a diver and an atten-

for use as living chambers for
n emergency situations shall
hnecting to another PVHO

equipped with, the following for the intended number

of occupants:

(a) the ability to monitor
carbon dioxide level, ambiel
life-support parameters

(b) one bunk per occupa

(c) potable water

(d) toilet

(e) shower

(f) medical or service log

(g) built-in breathing sys
gas

6-2.8.4 PVHOs shall be
internal bilge/void areas fo

6-2.9 Lubricants and Se

Lubricants and sealants se
be suitable for the hyperbar
operate. The designer shall

(a) flammability

(b) toxicity

(c) compatibility with br

(d) odor

(e) skin irritation

(f) compatibility to mate

and control the oxygen level,
it temperature, and primary

Nt

e
tem (BIBS) with a breathing

designed to allow access to
" cleaning and inspection.

alants

lected for use in PVHOSs shall
c environment in which they
address

pathing gases

ials

Consideration shall be given to the clearance necessary
between the bottom door and the seabed to ensure safe
ingress or egress of divers under emergency conditions.

Diving bells shall be outfitted with a means of emer-
gency recovery depending on whether they have been
designed to remain negatively buoyant or become posi=
tively buoyant.

6-2.11.3 Negative Buoyancy Diving Bells. Guidewires
and clump weight(s) shall be designed to permitthe'diving
bell to be recovered from the maximum operating depth
when loaded to the maximum service weight, with
trunk(s) flooded, and the maximum deployable length
of umbilical and lifting wire attaelied to the bell and
severed at the surface.

6-2.11.4 Positive Buoyancy Diving Bells. The diving
bell shall be equipped with devices for releasing the
main lifting wire, guideswires, and the umbilical and
ballast weight(s). The operation of each emergency
release device shalbyéquire atleast two mutually indepen-
dent actions for-release.

Release devices shall be designed to prevent accidental
actuationnEonsideration shall be given to environmental
factors,e:g., exposure to ambient temperatures and pres-
sures./The design should facilitate regular testing and
Mmaintenance.

After the release of the main bell wire, guide wires, and
umbilical and ballast weight(s), the diving bell shall
exhibit positive buoyancy when loaded to the
maximum service weight and with trunk(s) flooded.
Under these circumstances, the diving bell shall have suffi-
cient stability to remain upright. Consideration shall be
given during the risk assessment, as required in
subsection 1-11, to the ascent rate and impact on
surface vessels and structures.

6-2.11.5 Functional Testing. Functional testing shall
be carried out to demonstrate and document proper

6-2.10 Material Toxicity

(Including Paints)

Materials and equipment inside manned compartments

shall not give off noxious or toxic vapors within the limits
of anticipated environments. Where compliance with this
requirement has not been demonstrated through satisfac-
tory service experience, an analysis or testing program
shall be performed.
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operation of all emergency recovery functions.

6-3 PRESSURE BOUNDARY

6-3.1 Personnel Access Doors/Hatches

The design of doors and hatches shall
(a) be in accordance with the requirements of
Section 1.
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(b) have anominal diameter of atleast 24 in. (610 mm)
if used as a normal means of personnel ingress or egress.

(c) be provided on each side with a means of opening
and closing hatches or doors (i.e., handle).

(d) be operable from both sides of the door or hatch.

(e) be such that reverse overpressurization of the door
does not cause catastrophic failure of the locking dog or

other similar devices if
(f) be such that corr

used.
osion or binding due to friction

(c) be fitted as per requirements in para. 6-3.4 where
trunks or tunnels are created by use of clamps and
closures

(d) be provided with a positive safety interlock in
accordance with ASME BPVC, Section VIII

(e) incorporate a manual system to allow clamp
opening on failure of the primary operating system if
the primary system is a powered system

shall be eliminated as

r as practical.

(g) be such that operling may not take place when the
pressure is not equal oh both sides.
(h) takeinto account flynamic movements and loads on

door and hatch operati
the structural adequac
(i) provide a means
hatch in the fully open
(j) preclude uninte
hatch when springs or
in the operation.

and hinge mechanisms to verify
and seal tolerance.

or securing any hinged door or
osition.

ional operation of the door or
mechanisms are used to assist

(k) ensure that if fluidls are used in door or hatch assist

mechanisms, they are c

(1) have a safety intd
open or unseat the dod
system shall not perm

bmpatible with the environment.
rlock system if pressure acts to
r or hatch. The safety interlock
t pressurization of the door or

hatch unless the door/hatch closure is fully engaged.

SDC (diving bell) lock
itate recovery of a fully]
Larger openings may
divers with emergency
A minimum 28-in. (711
required.

but hatches shall be sized to facil-
dressed and unconscious diver.
be necessary to accommodate
life-support systems activated.
-mm) diameter clear opening is

6-3.2 Medical/Servide Locks

Medical/service locks

(a) be designed, fab
tested in conformance

(b) be sized for the
food, medicine, emerge
diving helmets, and equ

(c) haveanexternaln
equalizing pressure to th
to atmosphere

(d) be provided with
vertent opening of the d
sure in the medical/sel

shall

ricated, inspected, certified, dnd
vith this Standard

purpose intended (e.g.(passing
hcy supplies, scrubber canisters,
ipment)

leans for moniteping, venting, and
e compartmeént being serviced or

h safetyinterlock to prevent inad-
or, gover, or hatch when the pres-
vice-fock acts to open the door,

6-3.4 Quick-Acting Closures for Diving Bells and
Hyperbaric Evacuation Systems

6-3.4.1 General. These requirements are applicable to
quick-acting closures that facilitate the connection and
disconnection of diving bells and evacuation systems
to and from a main diving system for the purpose of
diver transfer under pressure.

6-3.4.2 Design

(a) The quick-acting closure shall.be designed to
connect and disconnect the diving bell and emergency
evacuation system under all operational conditions as
detailed in the User’s Design Specification.

(b) The quick-acting closureshall be provided with a
safety interlock to preventiaccidental opening in accor-
dance with ASME BPVCiSection VIII, Division 1, UG-35.2.

(c) The quick-acting closure safety interlock shall also
prevent pressurization until the closure mechanism is
fully engaged,

(d) Whenpower-actuating systems are used for mating
operations, a manual backup actuation system shall be
provided for use in the event of a system power or
switching failure. The manual backup system shall
tequire two mutually independent actions for operation.

(e) An interlock system with visual indicator shall be
provided to prevent operation of the handling system
while mated. The interlock system shall preventactivation
of the handling system until the quick-acting closure is in
the fully open position.

6-3.5 Trunks and Tunnels

Trunks and tunnels incorporated in or created by the
coupling of PVHOs shall

(a) bedesigned, fabricated, inspected, tested, and certi-
fied in accordance with Section 1

(b) have a minimum internal diameter of 24 in. (610
mm)

cover, or hatch

6-3.3 Closures

Clamps and closure devices used to couple PVHOs shall
(a) bedesigned, fabricated, inspected, tested, and certi-

fied in accordance with Section 1

(b) be designed for vessel dynamic movements and
include sufficient supports to carry the weight of the
clamps while in the open position
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(c) have an external means for monitoring, venting, and
equalizing pressure when connected to an adjacent
compartment or atmospheric pressure

(d) provide hand- and/or footholds in trunks or
tunnels exceeding 36 in. (914 mm) in length
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All viewports shall meet the requirements of Section 2.
Viewports shall be provided with protection suitable for

the use intended.

6-3.7 Lighting Devices

Interior lighting devices shall be rated for the PVHO'’s
MAWP. Exterior light-transmitting devices that act as part

(d) the ability to monitor oxygen and carbon-dioxide
levels of the breathing environment if the PVHO’s life-
sustaining breathable environment is maintained by
carbon dioxide scrubbing.

6-4.1.2 Unventilated PVHOs. Unventilated PVHOs
shall have a means of injecting oxygen, removing
carbon dioxide, and controlling both humidity and
temperature levels for the purpose of maintaining a

of the PVHO pressure boun
ments of Section 2.

6-3.8 Service Penetrator

Service penetrators shall

(a) be equipped with valy
trator and be installed as clog
tion as possible

(b) have a MAWP equal {]
PVHO

(c) be able to withstar
external pressures

(d) be compatible with t}

Hary shall meet the require-

(7]

es on both sides of the pene-
se to the PVHO hull penetra-

p or greater than that of the
d maximum internal and

e intended service

(e) be suitable for the effects of chemical reactions

(f) be suitable for the eff]
(g) be suitable for the eff
(h) have suitable protecti
during operation or transpg
(i) be accessible for insp

6-3.9 Electrical Penetra]

Electrical service and instr

(a) be designed for the s

(b) be constructed from
service intended, including

(c) have a design presst
equal to or greater than the P

(d) be gas-/watertight ev
the connecting cable

ects of temperature
ects of corrosion
n to areas subject to impacts
rtation
bction

fors

umentation penetrators shall
ervice intended

materials suitable for the
the effects of corrosion

re and temperature rating
VHO MAWP and temperature
en in the event of damage. to

(e) be designed for both internal and externalpressure

when used in PVHOs that
external pressure (e.g., divil

6-3.10 Fiber-Optic Penet

Fiber-optic penetrators
criteria as described for ele

are rated for intermal and
ig bell)

rators

shallsmeet the mechanical
ctrical penetrators.

6-4 SYSTEMS

6-4.1 Life-Support Systems

6-4.1.1 General. All PVHOs shall have
(a) sufficient gas supply for normal and emergency re-

quirements

(b) the ability to monitor and control the depth
(c) the ability to maintain a life-sustaining breathable

environment
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6-4.1.3 Oxygen Supply

(a) Ifthe User’s Design Specification requires the injec-
tion of oxygen into a chamber, a means for the controlled
injection of oxygen shall be provided.

(b) The system shall be designed to ensure safe and
reliable operation under all normal and emergency oper-
ating and environmental conditions, as defineddn the
User’s Design Specification.

(c) The system shall be designed to ensure_the volume
of oxygen injected into any PVHO during an injection cycle
will not increase the partial pressureof oxygen (PPO;) in
that PVHO beyond the limits definedin'the exposure tables
employed.

(d) Visual indicators shall be;provided and shall clearly
display the functional status.of the system. Audio alarms
shall be provided to alext) personnel in the event of a
system or a parameter.eéxceeding allowable limits. Both
audio and visual indicators shall be capable of operating
under the normal'and emergency conditions, as defined in
the User’s Design Specification. In the case of internally
mounted.makeup systems operated by the chamber occu-
pants, with a predetermined injection volume per cycle,
only(a wisual indicator is required.

(e) A means of monitoring the PPO; shall be provided
for each occupied compartment of every PVHO forming
part of the system, as defined in the User’s Design Spec-
ification.

6-4.1.4 Carbon Dioxide Removal. For unventilated
PVHOs, each occupied compartment shall be provided
with suitable equipment for carbon dioxide removal.
This equipment shall comply with the following:

(a) The carbon dioxide removal equipment shall be
designed to ensure safe and reliable operation under
all normal and emergency operating and environmental
conditions, as defined in the User’s Design Specification.

) bon-dioxid | Lot

capable of maintaining the partial pressure of carbon
dioxide (PPCO,) at or below the following limits:

(1) 0.005 atmosphere absolute (ata) under normal
operating conditions

(2) 0.015 ata under emergency operating conditions

(c) The carbon dioxide removal equipment shall be

designed for the carbon dioxide production rate(s) speci-
fied in the User’s Design Specification, which shall not be
lower than 0.115 Ib (0.0523 kg) per hour per person.
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(d) The carbon dioxide removal equipment shall be
provided with full redundancy.

(e) Materials used for the carbon dioxide removal
equipment shall be compatible with the carbon dioxide
removal agentand shall be corrosionresistant. In addition,
the toxicity of these materials shall be considered.

(f) Canisters, panels, or curtains used for holding the
carbon dioxide removal agent shall be designed for ease of
replacement, without the need for any special tools.

6-4.1.6 Emergency Breathing Systems (EBS)
6-4.1.6.1 EBS Internal to PVHOs

(a) An emergency breathing system shall be included
that provides a life-sustaining breathable medium for
every PVHO occupant.

(b) The capacity of the EBS shall be sufficient for 150%
of the time normally required to return every PVHO occu-
pantto a breathable life-sustaining environment, based on

(g) Where solid adsprbents are used as the carbon
dioxide removal agent, they shall be the low-dusting
type. Solid adsorbentg shall be stored in containers
free of moisture.

(h) Where lithium Hydroxide (LiOH) is used as the
carbon dioxide removal agent, the canisters, panels, or
curtains holding the LipH shall be designed to prevent
LiOH dust from escaping, or LiOH drippings from
falling on personnel dr equipment. These canisters,
panels, or curtains shallfbe replaceable as complete units.

(i) Where required bl the User’s Design Specification,
adequate heating shall be provided to maintain the
temperature of the carbon dioxide removal agent
above the minimum limfts specified by the manufacturer
of the removal agent.

6-4.1.5 Gas Storage

6-4.1.5.1 Gas Storpge Cylinders. Individual cylin-

ders or multiple cylinders grouped together by means
of a manifold to form afcylinder bank shall be provided
with

(a) areadily accessibjle isolation valve to stop gas flow
to the system. This valvg shall be rated for the maximum
allowable working presgsure (MAWP) of the cylinder.

(b) a protective devige to relieve excess pressure. The
relieving device shall m¢et the requirements of the appli-
cable cylinder standar

(c) clear labeling as [to content in accordance with a
recognized national or |nternational standard.

(d) a means of elimjnating moisture when used for
storing reclaimed gased.

(e) moisture separatgrs and filters thatmay be used to
ensure no moisture enters the system

(f) a means of monitpring internal pressure.

Cylinders and Volume Tanks

6-4.1.5.2 Volume Tanks, Each volume tank shall be
provided with
(a) areadily accessiblle‘isolation valve to stop gas flow

the operational use cases established in the User’s Design
Specification, unless otherwise approved by the jurisdic-
tional authority on the basis of special operating condi-
tions. Returning to a breathable life-sustaining
environment typically entails either returning tora
surface ambient environment or correcting conditions
to reestablish the primary breathable life-sustaining en-
vironment.

(c) The emergency breathing gas shall be supplied to
the PVHO occupant from either an emergency surface
supply or an onboard emergency lifé=support system,
depending on the application of the:PVHO.

(d) The EBS shall be independent from the primary
breathing system. The emergency breathing gas shall
be compatible with the primary breathing gas and opera-
tional depths/pressures.set forth in the User’s Design
Specification. If emergency breathing gas is supplied
from the surface usifhg an air compressor, the quality
of the air shall beANSI/CGA G-7.1 Grade E breathing
air or equivalent. Where open-circuit systems are used
and means.to exhaust the PVHO compartment are not
present, the effects of increased compartment pressure
shall\be considered.

(¢)”Emergency breathing gas is to be supplied to either
full-face masks or oral-nasal masks using a built-in
breathing system (BIBS), self-contained rebreathers, or
other means suitable for supporting life in a contaminated
environment, including the by-products of a fire. One
emergency breathing mask or rebreather per occupant
shall be provided in each PVHO compartment. In addition,
one reserve breathing mask or rebreather shall be readily
available in each PVHO compartment. A minimum of two
emergency breathing masks shall be provided in each
PVHO lock.

(f) Emergency breathing masks or rebreathers shall be
stowed within the PVHO in a manner that allows each
occupant to reach and don them quickly.

to the system. This valve shall be rated for the MAWP of the
volume tank.

(b) ameans of periodically draining moisture from the
bottom of the tank.

(c) a means of relieving excess pressure.

(d) a method for monitoring internal pressure.
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6-4.1.6.2 EBS for Control Stations External to the
PVHO

(a) Enclosed dive/sat control stations and local control
stations for handling systems shall be provided with an
EBS that accommodates all essential personnel required
to perform emergency operations as specified in the User’s
Design Specification.

(b) Emergency breathing gas shall be supplied to full-
face masks.
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(c) Emergency breathing devices shall be compatible
with communication equipment.

(d) The EBS shall be capable of functioning for a suffi-
cient duration, based on the operational use cases as set
forth in the User’s Design Specification, to enable opera-
tors to perform their duties in nonbreathable environ-
ments.

6-4.1.7 Life-Support Monitoring

(c) an actuation that shall require at least two distinct
and separate sequential actions by the occupant

(d) aflushing system that shall be designed to limit the
volume of gas exhausted with each actuation

(e) an effluent drain that shall be routed to an external
holding tank

(f) atoilet seat that must include a standoff to ensure
that a complete seal between the toilet bowl and user
cannot be achieved

(a) General. For ventilat¢d and unventilated PVHOs,
each occupied compartmejnt, except ventilated locks
designed for the transfer of personnel, shall be provided
with suitable instrumentatiion for continuously moni-
toring the oxygen and carb¢n dioxide concentrations in

the compartment atmosphefe.
(b) Unventilated PVHOs. Iy addition to (a), unventilated
PVHOs shall comply with the following:

(1) Instrumentation fof monitoring the oxygen and
carbon dioxide concentrations shall be provided with
audiovisual alarms to alert p¢rsonnel when the monitored
parameters are outside their allowable limits.

(2) Where means arg¢ provided to control the

temperature and humidity

the occupied compartment,

instrumentation shall also pe provided to monitor the
temperature and relative hymidity of the compartment.

(3) Life-support moni
be provided in duplicate or a
toring shall be provided.

(4) Electrically operate
strumentation that is power
self-contained batteries) sh
terruptible power supply (UF
of power in the event of pr

oring instrumentation shall
n alternative means of moni-

d life-support monitoring in-
ed externally (i.e., having no
1l be provided with an unin-
S) for maintaining continuity
mary power supply failure.

(5) Where applicable, the design of the life-support

monitoring instrumentation|

6-4.2 Sanitary Systems

6-4.2.1 All diving PV
extended occupancy shall bg
system capable of supporti
occupants:

(a) Chambers designed fo
hr shall have provisions for
handwashing facilities.

(b) Chambers designed fi
hr, except those used exclu

shall permit calibration.

HO systems designed\or
outfitted with the fellowing
1g the sanitary needs of the

I occupancy.notexceeding 24
handling/sanitary waste and

r oCcupancy in excess of 24
ively for hyperbaric rescue,

6-4.2.3 The handwashing sink and shower system
shall be provided with the following:

(a) a source of water capable of being delivered at a
pressure adequate to ensure sufficient flow into the
chamber at its maximum working pressure

(b) a water drain that shall be routed to an external
holding tank

(c) a drain that may be manual or automatic

(d) a drain system that shall include a standoff that
ensures that a complete seal between theZdrain and
user cannot occur

6-4.2.4 The holding tank shall b€, provided with the
following:

(a) pilot and vent valves to efisure it cannot exceed
chamber pressure during system actuation or chamber
decompression.

(b) a pressure gaugecindicating tank pressure.

(c) alevel-indicating“device and normally closed fail-
to-safety actuatingydrain valve.

(d) a drain line' connecting the holding tank with the
appropriate.System on the vessel or land-based facility
sewerage.system. This external drain shall be designed
to prevent impermissible pressurization of the external
drainage system.

6-4.3 Electrical Systems

6-4.3.1 General. Electrical systems, including power
supply arrangements, shall be designed for the environ-
ment in which they will operate in order to minimize the
risk of fires, explosions, electrical shocks, emission of toxic
gases, and galvanic action on the PVHOs.

For electrical equipment exposed to diving conditions,
the designer shall consider pressure and pressure cycling,
humidity, moisture, temperature, oxygen concentration,
hydrogen concentration, and cable flammability.

Electrical systems installed within PVHOs shall be

shall incorporate a flushing toilet, handwashing sink,
and shower with running water and drain facilities.

6-4.2.2 The flushing toilet shall be provided with the

following:

(a) a source of water capable of being delivered at a
pressure adequate to ensure sufficient flow into the
chamber at its maximum operating pressure

(b) interlock(s) to prevent actuation while the occu-

pant is seated
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PVHO and the monitoring of its occupants.

Measures shall be taken to minimize any electrical
hazards to divers and personnel in the diving system.

6-4.3.2 Power Supplies

6-4.3.2.1 General. Diving systems shall be provided
with independent main and emergency sources of elec-
trical power.
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6-4.3.2.2 Main Power. The main source of electrical
power shall have sufficient capacity for all anticipated
diving operations.

6-4.3.2.3 Emergency Power. The emergency source
of power shall have sufficient capacity to supply the ap-
plicable emergency electrical loads for the safe termina-
tion of the diving operations. The emergency source of

electrical power shall be located so as
tioning in the event of faf .

6-4.3.2.4 Reservel
emergency sources of
transfer capsules and h
boats shall be provi
reserve source of po
power shall be capable
gency equipment, e.g., t
ment, communication §
For diving bells/per
onboard source of pow
to supply power for
rescue chambers/life]
power shall have suffi
for at least 72 hr.

6-4.3.3 Distribution

6-4.3.3.1 General.
shall not be used as a cu
trical power distributig

to ensure its func-

ower. In addition to the main and
power, diving bells/personnel
yperbaric rescue chambers/life-
Hed with a suitable onboard
wer. This onboard source of
of feeding the applicable emer-
e emergency life-support equip-
quipment, and internal lighting.
onnel transfer capsules, the
er shall have sufficient capacity
t least 24 hr. For hyperbaric
boats, the onboard source of
cient capacity to supply power

[he pressure boundary of PVHOs
rent-carrying conductor. All elec-
n systems shall be ungrounded

and insulated to minimjize the occurrence of faults and

stray currents that may

6-4.3.3.2 Voltage.
shall not exceed those

Application

create galvanic corrosion.

The maximum voltages for PVHOs
pecified below.

AC with circuit protection d¢

AC without circuit protectio
device

DC with circuit protection dg

DC without circuit protectio|
device

6-4.3.3.3 Ground
interrupters shall be p

Maximum Nominal
Voltage Voltage
vice 250 220
h 7.5 6
vice 285 250
h 30 24

Detectors. Ground detectors or
rovided for systems with a line

voltage above 7.5 V AC

or{30 V DC.

6-4.3.3.5 Cable Separation. Cables and wiring of
circuits supplied by different voltages and by main and
emergency circuits shall be effectively separated from
each other.

6-4.3.3.6 Power Supply Conductors. All power
supply conductors from the same main or emergency
power source shall be spaced sufficiently to prevent dama-
ging currents and shall not pass through the same pene-

(a) it can be shown that there is little risk of short-
circuiting or tracking between the conductors and

(b) the voltages and currents are of such an order that,
in the event of failure in any way of the conductor insula-
tion, the penetrating device’s gas and watertight integrity
are maintained

6-4.3.3.7 Cables Subjected to External Pressure.
Materials for uncompensated cable and wiring.insulation
subjected to external pressure shall be capable of with-
standing a hydrostatic pressure of 1.5 tifmes the design
pressure of the diving system. Subnierged cable assem-
blies shall be tested by the contintuous application of
an alternating current voltage)of at least 500 V for 1
min. This shall be performed with the jacket exposed
to seawater. The qualitynof the assembly should be
such that the leakage\current will neither prevent
proper operation of\the systems nor expose personnel
to unsafe voltages.

6-4.3.4 Circuit Protection

6-4.3.4.1 Circuit Protection Devices. Power cables
shall-be protected from overloads and short circuits by
protective devices that isolate all conductors in the over-
leaded circuit. Circuit protection devices shall meet a
recognized national or international electrical standard.
Fuses and thermal circuit breakers are not permitted
in a helium-oxygen environment.

6-4.3.4.2 Pressure Boundary Power Penetrations.
All power cables passing through the pressure boundaries
of PVHOs shall be adequately protected by circuit breakers
or fuses against overload and short circuits. The circuit
breakers or fuses shall be located on the power-source
side of the pressure boundaries and shall have the
ability to open the circuits quickly to prevent damage
to the gas-/watertight integrity of the electrical penetra-
tors.

6-4.3.3.4 Cables and Wiring. Cables and wiring shall

meet a recognized national or international electrical
standard (such as IEC standards or IEEE 45). They
shall be flame retardant and shall comply with the flamm-
ability criteria of a recognized national or international
standard. Cables and wiring within the pressure boundary
of PVHOs shall be of the low-smoke, low/zero-halogen

type.
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6-4.3.5 Battery Compartments

6-4.3.5.1 Sources of Ignition. Design and procedural
precautions shall be taken to eliminate all potential
sources of ignition within battery compartments.

6-4.3.5.2 Hydrogen Levels. For batteries capable of
generating hydrogen gas, design features shall be in place
to avoid the potential hazards arising from hydrogen accu-
mulation. Protective devices located in battery
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compartments containing these batteries shall not
provide an ignition source for the hydrogen gas.

6-4.3.5.3 Electrical Equipment. All electrical equip-
ment in battery compartments containing batteries
capable of generating hydrogen gas shall be of the explo-
sion-proof or intrinsically safe type.

6-4.4 Lighting Systems
Sufficient lighting shall be

tion of the PVHO.

6-4.5 Communication Sy

6-4.5.1 All diving PVH
communications between
internal occupants. Com

6-5 HANDLING SYSTEMS
6-5.1 General

This subsection provides the additional requirements
for the handling, deployment, and emergency recovery of
diving bells, which are also known as personnel transfer
capsules (PTCs).

Handling systems for diving bells shall comply with at

provided for the safe opera-

ystems

Os shall be equipped with
the PVHO operator(s) and
munication systems shall

consist of both a primary ahd a secondary system. The

secondary system shall cong
phone or other methods that
loss. Communication systen
occupiable lock of the PV
control operator or the g
direct visual contact, the

equipped with a signal devicg
to alert the operator or the

6-4.5.2 When helium
breathing medium, a heliun

6-4.5.3 Diving bells shall
water communications sysf
operational distance from t

6-4.6 Fire Protection an

ist of a sound-powered tele-
operate in the event of power
hs shall be included in each
HO. In the event that the
ccupant(s) does not have
kecondary system shall be
,e.g.,an audible annunciator,
occupant(s).

mixtures are used in the

unscrambler shall be used.

be equipped with a through-
em rated for the maximum
ne PVHO operator(s).

Detection Systems

6-4.6.1 FireSafety. The cpnstruction of the PVHO shall

be such as to minimize hazards of smoke and fire. Systems
shall be designed and equippgd to avoid sources of ignition
and minimize flammable materials. Toxicity of combus*
tion products and flame-spfead characteristics shall.be
considered in material selegtion.

6-4.6.2 Fire Suppression. The system deSigner shall
address fire suppression. A formal risk-ahalysis shall
be conducted to establish the performancerequirements
for the system. The desigher may.€lect to provide a
passive-prevention or an adtive-suppression system.

Active-suppression systerhs.shall be tested for opera-
tion under the full range of tequired suppression system

leastoneof thecodesand standardstrequired-by-anrtnter
national Association of Classification Societies (IACS)
member classification society and the applicable
organization(s) having regulatory and jurisdictional
authority.

Ropes and loose gear items (blocks, sheaves, shackles,
etc.) used on handling systems shall comply with the codes
and standards recognized by the applicable
organization(s) having regulatory and/or jurisdictional
authority.

6-5.2 Design

Diving systems shall be provided with a handling
system as defined. The handling*system shall be
capable of safely moving the diving bell and its occupants
(divers) between the work location and surface compres-
sion chamber(s).

The handling systemsshall comply with the handling
system rated load/safe’working load requirements as
defined and meet the performance criteria given in the
User’s Design Specification.

The handlifig system shall comply with the handling
system design load requirements as defined in
para. 6-2.2 and meet the performance criteria given in
the Usér’s Design Specification.

For the eventuality of a single component failure in the
main handling system, a secondary system shall be
provided to enable the divers to be brought back to
the surface compression chamber. This secondary
system shall be powered independently from the main
handling system.

Handling system winches shall be provided with two
independent braking mechanisms. The braking mechan-
isms shall be designed to hold 100% of the design load of
the handling system.

Braking mechanisms shall be designed to fail-to-safety
and set automatically upon loss of power to the winch.

Lowering ofloads shall be controlled by powered drives

pressures. Extinguishing systems shall be compatible with
life-support requirements of the PVHO. Carbon dioxide
and dry powder are not suitable for use as extinguishing
agents in enclosed environments.

114

independent of the braking mechanisms. Powered drives
shall be designed to handle 100% of the design load of the
handling system.

The handling system shall be provided with the means
to stabilize the diving bell and prevent excessive rotation
during ascent/descent through the water column. It also
shall be provided with the means to prevent the diving bell
from contacting the vessel’s hull or any elements of the
handling system during handling operations between the
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surface compression chambers and keel depth of the

vessel.

6-5.3 Test and Trials
The fully assembled handling system shall be statically

load tested to 100% of
system.

After installation on
system shall be functj
rated speed of the syst
complete handling sy
drives and brakes, shd
to meet the requiremer

the design load of the handling
board the vessel, the handling

bm. Satisfactory operation of the
stem, including the powered
1l be demonstrated and shown
ts of para. 6-4.1.2.

6-6 HYPERBARIC EVACUATION SYSTEMS

6-6.1 General

All diving systems uj
operations shall be equl
tion system (HES) capab
tion for the maximum 1
system is capable of al
the HES is to include
(HEU), its launching
support package (LSP).

(a) The HEU shall be
atthe appropriate press
a minimum of 72 hr.

(b) The HEU shall
maximum operating p
set forth in the User’s D
with subsection 1-4.

(c) The HEU shall be
of the saturation diving
diving system by mean|
closure in accordance V

(d) Alaunching syste
shall be provided for eg

(e) A clearly writte
detailing the procedu
testing, training, and d
following hyperbaric ey

ed to support saturation diving
pped with a hyperbaric evacua-
le of providing a means of evacua-
number of divers that the diving
ccommodating. As a minimum,
a hyperbaric evacuation unit
system, and a portable life-

capable of maintaining the divers
ire, with adequate life support for

e capable of operating at the
essure of the diving system as
psign Specification in accordance

eadily accessible to all occupants
system. It shall be mated to the
5 of trunking and a quick-acting
bith paras. 6-3.4 and 6-3.5.

m in accordance with para. 6-6.4
ch HEU.

n Hyperbaric Evacuation Plan
Fes required for.maintenance,
perations pridr to, during, and
acuation shall.be provided. This

plan should list speciffic respafisibilities for each job

title associated with th
include the operationa

e evacuation. The plan shall also
precedures for the evacuation

of divers stored at diffe

rent pressures.

(f) Following the initial evacuation, the diving system

operator shall arrange for transportation of the HEU and
its occupants to a designated location (safe haven), where
the appropriate facilities shall be available for decompres-
sing the HEU occupants to surface pressure in a safe and
controlled manner.
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6-6.2 Hyperbaric Evacuation Unit User
Requirements

6-6.2.1 There are two common forms of HEUs, as
follows:

(a) Hyperbaric Rescue Chamber (HRC). An HRC is a
PVHO that has been specifically designed and outfitted
with the equipment and life-support systems necessary
to evacuate divers from a ship, barge, semisubmersible,
OT [1xed Structure, and maintain life-supporung conditions
for the maximum number of occupants at the maximum
operating pressure of the diving system for a period of not
less than 72 hr. An HRC generally does not have onboard
propulsion and is typically towed or transported to its safe
haven.

(b) Self-Propelled Hyperbaric Lifeboat (SPHL). An SPHL
is a PVHO integrated into or forming part of a purpose-
built, SOLAS!-compliant self-propelled lifebdat outfitted
with the equipment and life-support systéms necessary
to evacuate divers and maintain life-supporting condi-
tions for the maximum number of occupants at the
maximum operating pressure of the diving system for
a period of not less than 72 hr:

6-6.2.2 The HEU shall be fitted with and/or carry
onboard the following:

(a) individual seats,for each occupant, outfitted with a
positive means to\prevent injury to the occupants during
launch and recoyvery, and in rough weather conditions.

(b) a clearly written operation procedure manual,
detailing preparation for evacuation, the setup and opera-
tion of the-environmental control equipment, and all other
life-support equipment and systems.

(¢)” alist of tapping codes for nonverbal communication
with personnel outside the evacuation chamber in the
absence or failure of two-way radio communications.

(d) onboard oxygen to support the metabolic oxygen
requirements of the maximum number of occupants
for a period of 72 hr, based on a minimum flow of
0.017 standard ft*>/min (0.48 standard L/min) per occu-
pant. Special care shall be taken to ensure adequate distri-
bution and mixing of metabolic oxygen within the
chamber.

(e) aprimaryand secondary means of removing carbon
dioxide (CO;) from the atmosphere, including, but not
limited to, battery- and lung-powered systems with absor-
bent chemicals sufficient to remove the CO, output from

(f) aprimaryand secondary means of chamber lighting.
The primary lighting power source shall be sufficient to
maintain primary lighting for a period of 72 hr. If the
secondary means of lighting is powered, it too shall be
sufficient for 72 hr.

LSOLAS is the IMO Convention on the Safety of Life at Sea.
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(g) atoolKkitthatis capable of supporting minor repairs
and maintenance inside the chamber. The tool kit shall be
clearly marked and located to be easily accessible. For self-
propelled lifeboats, an additional external tool kit shall be
provided.

(h) a means of monitoring the chamber environment,
including pressure, temperature, humidity, oxygen (0;),
and carbon dioxide (CO;). Independent backup for O, and
CO, monitoring shall be provided.

(v) acommunication system capable of permitting two-
way voice communication between the chamber occu-
pants and outside attendants.

(w) a sound-powered phone secondary communica-
tion system.

(x) a waterproof emergency services interface point
protected from damage by a reinforced cover. This inter-
face shall contain connection points for power, gas/
oxygen, and the internal chamber two-way voice commu-

(i) a system for heating/dooling the PVHO to maintain
physiologically acceptable|conditions throughout the
operating range of the evgcuation system. Thermally
protective clothing may al4o be provided as a passive

backup system to the heating system.
(j) power sufficient to support all life-critical powered

systems for a period of 72

Ir.

(k) amedical kit that is suitable for at least minor inju-
ries, with sick bags and medications for motion sickness.

The kit shall be stored in 4
marked, and located to be 4

(1) ameans of transferring
and out of the chamber und

(m) meals for the maximy
period of 72 hr, stored in a
sible location. Each meal sha
lent of 800 calories per 24-h
that use exothermic chemi

suitable container, clearly
asily accessible.

equipment and supplies into
er pressure.
m number of occupants for a
Clearly marked, easily acces-
| provide a minimum equiva-
r period per occupant. Meals
al means, flames, electrical

resistance, or any other heating means that are not

suitable for use in pressurizg
ments shall not be used.

(n) aminimum of 6 pints (|
hr period per occupant for th
pants for a period of 72 hr. T
secure, clearly marked, and

(o) a means of managing
shall be capable of prevg
duringlaunch or recovery, oy

(p) an internationally re
position-indicating radio be|

(q) HEU external surfd
orange.

(r) signsindicating DIVER
top and sides in three plac
accordance with Internati
(IMO) Resolution A.692(17)

(s) warning information

d, oxygen-enriched environ-

B L) of drinking water per 24-
e maximum number of occu-
he water shall be stored in a
easily accessible location.
 human waste. The system
nting accidental spillage
inrough weather conditions:
fognized marine emergency
hcon (EPIRB).

ces colored interfational

S IN DISTRESS;located on the
s, and sized‘and marked in
nal Maritime Organization
(see<Eigure 6-6.2.2-1).

located on the sides at or

above the waterline in accol

A.692(17), as shown in Figure 6-6.2.2-2.

(t) aradar reflector, reflective tape, and a strobe light,
installed to facilitate system location.

(u) lifting slings and towing bridles, securely stowed

and labeled. The total in-air weight of the evacuation
system including personnel and equipment shall be
prominently displayed. In addition, each lifting point
shall be clearly marked with its safe working load.
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nication system, a sound-powered phone, a copy of the
operation procedure manual, a set of the tapping
codes, and a complete inventory of supplies. Considera-
tion shall be given to providing a waterproof handheld
VHF radio for use by rescuing personnel.

(v) atleast one viewport that provides visual access to
the occupants.

6-6.3 Life-Support Package (LSP)

Each hyperbaric evacuation system shall have a sepa-
rate, portable life-support package that provides all inter-
faces and services necessary to maintaih, monitor, and
control the chamber environment{and conduct safe
decompression of the evacuated-divers.

Based on the maximum number of occupants, and the
decompression duration fromrmaximum rated depth of
the HEU, the LSP shall besprovided with the following:

(a) clearly writtensoperational procedures detailing
the decompression phase of the evacuation, as well as
the setup and operation of the environmental control
equipment and all other associated life-support equip-
ment and systeéms.

(b) alistoftapping codes for nonverbal communication
with/pérsonnel outside the HEU, in the absence or failure
of two-way radio communications.

(c) a manifold designed to control pressurization,
exhaust, oxygen (0;) makeup and treatment mixes, as
well as the life-support gas samples for analysis.

(d) a means of monitoring the HEU internal environ-
ment, including pressure, temperature, humidity,
oxygen (0;), and carbon dioxide (CO;). Independent
backup for O, and CO, monitoring shall be provided.

(e) a hard-wired communication system between the
HEU and the LSP operator.

(f) an environmental control system for heating/
cooling the HEU to maintain physiologically acceptable
conditions throughout duration of the decompression.
electrical requirements for the duration of the decompres-
sion.

(h) a sufficient quantity of life-support gases (e.g.,
oxygen and helium) to support decompression, as well
as treatment. In calculating the quantity of life-support
gases required, the designer shall take into account the
quantity of all life-support gases required for system
makeup, as well as for completing the worst-case scenario
treatment tables for the maximum number of occupants.
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(i) interconnectinghose and cable bundlesbetween the
LSP and HEU that are capable of supplying the HEU with
life-support gases and electrical power, as well as facili-
tating communication, environmental control, and

internal environmental
(j) a medical kit tha

monitoring.
t is suitable for major injuries,

including an appropriate trauma kit and relevant

medical manuals.

(k) water and meals in a quantity sufficient to support

third party may be required to witness and certify that
the testing meets the requirements of the jurisdictional
authority.

If manned testing is to be performed, the following shall
be conducted first:

(a) unmanned testing to assure proper operational
performance of the system

(b) ahazard analysis to identify and mitigate risks asso-
ciated with manned testing

both the occupantsin t

HEU and the LSP operating per-

sonnel for the duration|of the decompression.

(1) a tool kit and re

ir manuals to facilitate mainte-

nance and repair of all fassociated support equipment.
(m) absorbent chemilcals sufficient to remove the CO,

output from the maxi

um number of occupants of the

HEU for the duration of the decompression.

6-6.4 Hyperbaric Ev

(a) EachHEU shall be
system that serves as th|
timely evacuation of th

(b) HEU launch syste
ble requirements of IM
Standard.

(c) Launch systems §
the HEU when the ship
tions of 20 deg list and 1
loaded or unloaded con

(d) The HEU launch
vessel or support facil
vessel or facility pows
all power requirements

(e) A secondary mea
mechanical power or grg
also be provided.

(f) Launch systems u
HEU shall provide mean|
the HEU is afloat.

(g) The wire rope sha
sion-resistant steel wir

cuation Launch Systems

provided with a dedicated launch
e primary means for the safe and
e divers.

s shall comply with the applica-
D Resolution A.692(17) and this

hall be designed to safely launch
r support facility is under condi-
0 deg trim either way, in the fully
dition.

system may be powered by the
ty power supply, provided the
r supply is capable of meeting
of the system.

hs that depends either on stored
vity to safely launch the HEU shall

sing wire rope for launching the
5 for releasing the wire ropeafter

[l be rotation-resistantand corro-
b rope.

(h) For launch systerps installed on/aship or support

facility, the length of th

e wire rope shall be sufficient to

allow the HEU to be laulnched in water when the ship or

support facility is atits li
of 20 deglistand 10 deg
or unloaded condition.

bhtest drdft, and under conditions
rinyeither way, in the fully loaded

(c) apretestsafety meeting with all personnel involved
with the test

As aminimum, the testsin paras. 6-7.1 and 6-7.2 shall be
performed after installation on board the vessel or facility.

6-7.1 System Pressure Tests

The following tests shall be performed:

(a) internal/external pressurization test te full opera-
tional pressure (external pressure test may<be itficluded on
functional testing during sea trials)

(b) pressure test of all hatches, quick-acting closures,
and sealing surfaces at maximum and minimum pressures

(c) pressurization/leak test.of internal and external
pressure-retaining compemnents, including, but not
limited to, control manifolds, interconnecting hoses
and piping, air and¢gas storage systems, and all
primary and emergency breathing systems

6-7.2 System Functional Tests

6-7.2.1 Handling Systems (Including Those for Diving
Bells, Diving Stages, and HEUs)

(a)<Fhe fully assembled handling system shall be stati-
callyfoad tested to 100% of the design load of the handling
system. After installation on board the vessel, the handling
system shall be functionally tested at its rated load at the
maximum rated speed of the system. Satisfactory opera-
tion of the complete handling system, including the
powered drives and brakes, shall be demonstrated, and
shown to meet the requirements of subsection 6-5 or
para. 6-6.4, as applicable.

(b) Fordivingbells and diving stages, functional testing
shall be carried out to demonstrate and document proper
operation of the secondary means of recovery.

(c) Testingshallbe carried outto demonstrate the func-
tioning of quick-acting closures under all operational
conditions. This testing shall also demonstrate and docu-

ment proper npc\ruh'nn of interlock devices on-the qln'r‘lz

6-7 TESTING AND TRIALS
All diving PVHO systems shall be functionally and physi-

cally tested prior to operational service. Testing and trials
shall be conducted on all parts, components, and systems
for a fully functional and operational diving system. All
testing and trials shall be carried out by a competent
person in accordance with the User’s Design Specifica-
tion’s stipulating acceptance criteria. In many cases a

117

acting closures.

(d) A test launch of the HEU shall be carried out to
demonstrate and document proper mating, detachment,
and deployment operations from the parent diving
system, including detachment of the quick-acting closures
and release hooks. The test shall be carried out with the
HEU weighted to simulate the maximum load condition.
The test shall demonstrate that the HEU remains upright
and positively buoyant following release.
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6-7.2.2 Piping, Electrical, and Control Systems

(a) Functional testing of the piping, electrical, and
control systems shall be carried out to assure proper func-
tioning of all systems, including backup and emergency
systems, and to demonstrate the absence of any unaccept-
able hazards as required in subsection 1-11.

(b) A test shall be carried out to demonstrate the ca-
pacity of the heating/cooling system to maintain thermal

(c) A test shall be carried out to demonstrate the ca-
pacity of the O, makeup system to compensate for the
metabolic oxygen consumption of the maximum
number of occupants for which the system is rated.

(d) A test shall be carried out to demonstrate the ca-
pacity of the primary CO, removal system to remove the
total metabolic CO, output of the maximum number of
occupants for which the system is rated.

(e) A test shall be carried out to demonstrate that the

balance over the range of gnvironmentat conditions as
defined in the User’s Desigr Specification.

emergency evacuation life-support package (LSP) is able
to be attached and used to maintain, monitor, and control
the functional operation of the chamber including decom-
pression.

Figure 6-6.2.2-1 Placement and Design of Markings for Hyperbaric Evacuation Units Designed to Float in Water

White¢ — 300 mm x 300 mm

Yellow - 300 mm high

White letters - 150 mm high

|
¥

\ |
\ DIVER
RESCUE ]
CALL RESCUE SERVICES AT ONCE
KEEP IN SIGHT . .
4

GENERAL NOTE: From IMO Resdlution A.692(17).

Figure 6-6.2.2
UNLESS
DO NOT t
DO NOT t
DO NOT t
DO NOT ¢

)

DO NOT

DO NOT open any hatches

GENERAL NOTE: From IMO Resolution A.692(17).

Iy to get the'occupants out
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/ White letters — 50 mm high
Green background - 1200 mm x 450 mm high (min.)

-2 Markings for Hyperbaric Evacuation Units Designed to Float in Water

SPECIALIZED DIVINGASSISTANCE IS AVAILABLE:
buch any valves or other controls

hke in tow unless:in imminent danger

onnéctany gas, air, water, or other supplies
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Section 7
Submersibles

7-1 GENERAL

7-1.1 Scope

This Section, along wi
the requirements for t
testing, and certificat
submersibles including]
lockout chambers, see §

th Sections 1 through 4, provides
ne design, assembly, inspection,
on of PVHOs used in manned
tourist submersibles. For diver
ection 6.

7-1.2 General Requifements

The PVHO shall be d
inspected, tested, and
Section and Sections 1

7-1.2.1 Single Failu
submersible craft des
single failure, the cr
without external as
systems and equipme
this general design req

esigned, fabricated, assembled,
ertified in accordance with this
through 4.

fe. The basic requirement for a
gn is that, in the event of any
hft can return to the surface

jistance. Appropriate backup

shall be incorporated to meet
irement.

7-1.2.2 Operating Cqnditions. The submersible shall

be designed for, and 1
service conditions and|
both on the surface and

The design criteria p
sibles operating in wate
than the craft’s rated de
for operations in areas W

e capable of, operating in the
temperature ranges envisaged
under water.

Fovided herein apply to submer=
s with a seabed depth not greater
pth. Consideration may be given
rith a greater seabed depth-on the

basis of safety evaluatio

s demonstrating the-adequacy of

provisions and/or procpdures.

7-1.3 User’s Design $pecification

The user, agent on

is/her,behalf, designer, or the

manufacturer shall prpvidetor'cause to be written a
User’s Design Specification:This specification shall set
forth the requirementb—asto the intended use of the

(d) normal and maximum speed while surfaced and
submerged

(e) minimum and maximum allowable operating
temperatures (internal and external)

(f) minimum and maximum onboard personnel

(g) maximum mission time

(h) maximum lifting weight

(i) payload

(j) maximum towing speed

(k) normal, reserve, and emergency;power capacities

(1) normal, reserve, and emergency, life-support capa-
cities

7-1.4 Design Certification

Conformance of theompleted PVHO to the require-
ments of this Sectionsand the User’s Design Specification
shall be established.by one of the following procedures:

(a) Professional Engineer Certification. A Professional
Engineer, registered in one or more of the U.S. states or the
provinces of‘Canada, or the equivalent in other countries,
experienced in the design of submarines, shall certify that
the PVHO was designed either by him/her or under his/
hersupervision, or that he/she has thoroughly reviewed a
design prepared by others, and that to the best of his/her
knowledge, within the User’s Design Specification, the
PVHO design complies with this Section.

(b) Independent Third-Party Certification. The PVHO
shall be reviewed by an independent classification
society competent in pressure vessels for human occu-
pancy,” and such organization shall provide a certification
that, within the User’s Design Specification, the PVHO
design complies with this Section.

7-1.5 Documentation

The manufacturer shall retain a copy of the User’s
Design Specification, the Design Certification, and

submersible and operating and environmental conditions
in such detail as to constitute an adequate basis for
designing, fabricating, inspecting, and testing the
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
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supporting data (test data and material test reports as
required by the User’s Design Specification, window certi-
ficates) for at least 5 yr.

A copy of the following shall be provided to the user:

(a) User’s Design Specification

(b) window certificates

(c) any classification society certifications

! Systems and manned submersibles.
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(d) vessel drawings necessary for the maintenance,
inspection, and repair of the PVHO

(e) operations manual

7-1.6 Operations Manual

An operations manual describing normal and emer-
gency operational procedures shall be provided. In addi-

tion to items listed in para. 7-

1.3, the manual shall include

Testing of the PVHO shall be in accordance with the
recognized engineering methods used. As a minimum
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 environment. It is the designer’s responsibility to
provide a safe design.

7-2.2 Hatches

(a) systems description
(b) operational check-off
ment requiring operational
tion prior to each dive/ope
(c) special restrictions 1
design and operating condif
(d) life-support systems d
ties
(e) electrical system desg
(f) ballast system descrip
(g) fire-suppression syste
(h) launch and recovery
(i) normal and emergen
dures
(j) emergency rescue pla
(k) emergency procedure

not limited to, the following:

(1) power failure
(2) break in umbilical
(3) deballasting/jettiso|
(4) loss of communicat
(5) life-support system
(6) fire
(7) entanglement
(8) high hydrogen leve
(9) high oxygen level
(10) high carbon dioxi
(11) internal and exter
(12) being stranded or
(13) minor flooding
(14) specificemergency
special types of systems)
(15) loss of propulsion|
(16) deteriorated surfg

7-2 PRESSURE BOUNDA

7-2.1 General

list (list shall include equip-
btatus verification or inspec-
ration)

ased on uniqueness of the
ions

escriptions including capaci-

ription

tion

m description

bperation procedures

cy communications proce-

h
5 for situations including, but

Cord (if applicable)
ning

ions

malfunction

| (if applicable)
e (CO,) level
nal oxygen leaks

the bottom

r conditions (characteristic of

ce conditions during a dive

RY

7-2.2.1 Number, Size, and Location. The following
shall be considered when determining the number,
size, and location of access hatches:

(a) evacuation of crew and passengers in an emergency
situation

(b) risks such as fire, smoke, stability of the craft, and
possible down-flooding due to adverse sea state

The number of hatches shall not be unnecessarily
increased beyond the safe minimum as determined in
(a) and (b).

7-2.2.2 Opening, Closing, and Securing. Opening and
closing of hatches shall be possible by a single person, in all
anticipated operating conditions.

Provisions shall be made for ‘epening/closing hatches
from both sides.

Two means, one of which should be visual, shall be avail-
able to ensure that hatches<dre closed and secured prior to
diving.

Hatches shall haye a means for securing them in the
open and closed\positions.

7-2.2.3 Equalization. Means shall be available to
ensure thatpressures on either side of the hatch are equal-
ized prior to opening.

7-2.3 Viewports

Viewports shall comply with Section 2.

7-2.4 Penetrators

7-2.4.1 Mechanical Penetrators. Mechanical penetra-
tors shall be designed such that in the event of failure, 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

The pressure boundary of submersibles built to this

Section shall be designed and constructed in accordance
with Section 1. Other recognized industry standards for
the design, construction, and testing of manned submer-
sibles thathave been validated through testing and service
and that are suitable for the intended service and accept-
able to the jurisdiction may also be used where Section 1
does not address industry-specific issues for the design of
submersibles.
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shall be mounted directly on the inner side of the hull
or on short and strong stub pieces (capable of with-
standing anticipated mechanical and pressure loads)
fitted between the valve and hull.

7-2.4.3 Testing Electrical Penetrators. Samples of
penetrating devices conveying electricity through pres-
sure boundaries shall be tested as indicated below, in
the listed sequence of tests. Where applicable, penetrators
shall be tested assembled with a length of cable of the type
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that will be used in the installation. The cable and pene-
trator assemblies are to show no sign of deficiency during
or after the test.

(a) voltage test by 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) hydrostatictestto a pressure of 1.5 times the design
pressure repeated six times. The pressure shall be applied
to the side that will be under pressure in the actual appli-
cation and shall be maiptained for 20 min after the last

cycle.

(c) gas leakage test
twice the design press
design pressure.

(d) insulation test to
salt water. Tests shall b
and armor.

Electrical conductor
shall be of solid materi

7-2.4.4 Electrical Pe
tive conductors from
through the same pene

(a) it can be shown
circuiting or tracking b

(b) the voltages and ¢
in the event of failure in|
tion, the integrity of the p
maintained

Electrical penetrating
or other system passing
penetrating devices pas
acceptable.

7-3 PIPING

7-3.1 Exceptions and
7-3.1.1 Relieving Dev

vith cable cut open using air to
ure or helium to 1.5 times the

b MO at design pressure applying
e made between each conductor

b within the penetrating device
1.

hetrators. The positive and nega-
h power source shall not pass
frating device unless

that there is little risk of short
btween conductors

urrents are of such an order that,
any way of the conductor insula-
enetrating device’s water block is

devices shall not have any pipes
through them. Different types of
5ing through a common plate are

Alternatives

ices. In lieu of subsection1-8, for

PVHOs not internally pressurized, the following shall

apply:

(a) A pressure-reliev
the internal pressure do
designer.

(b) A shutoff valve s
pressure-relieving devi

ng device shallbe used to ensure
bs not exceed that specified by the

hall be.installed upstream of the
Fe_arid shall be accessible to the

attendant/pilot monito

ing the operation of the PVHO

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. 4-2.4.5. Hose testing shall be documented.

7-3.2 Internal and External Pressures

Systems, fittings, and equipment subject to internal or

designed for the worst combination(s) of the above
(e.g., external oxygen systems).

7-3.3 Ambient Pressure

Systems, piping, and equipment exposed to ambient sea
pressure shall be suitable for the intended service and
capable of withstanding all anticipated pressure‘differen-
tials.

7-3.4 Inaccessible Spaces

Piping passing through spaces inaccessible for mainte-
nance shall be of continuous pipe.

7-3.5 Hull Valves

For piping systems pénetrating the occupied pressure
hull and open to the s€a; a nonreturn valve or shutoff valve
shall be provided*in addition to that provided in accor-
dance with paran7-2.4.2.

7-3.6 Plug'Valves

Plug valves shall not be used.

7-3.7 Pressure Containers

The volume of a single internal gas source shall be
limited in such a way that complete release of its contents
will notincrease the pressure beyond the safe limit 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
7-4.1 General

(c) Rupture disks shall not be used.

7-3.1.2 User’s Des

ign Specification. In lieu of

para. 4-1.2, the following information shall be documented
on the system assembly drawing, in the operations
manual, and/or in the User’s Design Specification:

(a) the system maximum allowable working pressure

(MAWP)

(b) conditions affecting the requirements for, and

amounts of, stored gas

reserves
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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 concen-
tration, hydrogen concentration, and cable combustibility.
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7-4.2 Power Supplies

7-4.2.1 General. The submersible shall have a separate
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 following systems for a period of time consistent with

7-4.3.6 Insulation Material. Materials for uncompen-
sated cable and wiring insulation subjected to external
pressure shall be able to withstand a hydrostatic pressure
of 1.5 times the design pressure of the submersible.
Submerged cable assemblies shall be tested by the contin-
uous application of an alternating current voltage of at
least 500 V for 1 min. This shall be performed with
the jacket exposed to seawater. The quality of the
assembly shall be such that the leakage current will

the plan to rescue the subma

period of time shall in no c
(a) emergency lighting
(b) communication equip
(c) life-support systems
(d) environmental monit:
(e) essential control syst
(f) other equipment nece

rine from its rated depth. The
hse be less than 24 hr.

ment
ring equipment

bms
ssary to sustain life

7-4.2.3 Emergency Powar. The emergency source of

electrical power shall be loc
tioning in the event of fire or
to the main electrical powe

The onboard emergency s

hted so as to ensure its func-
bther casualty causing failure
" source.

urce of electrical power shall

have the capacity to suplply the systems listed in

paras. 7-4.2.2(a), (b), and (

through (f), plus the emer-

gency life-support system,|if electrically supplied, for

150% of the time norm
surface or 1 hr, whichever
approved on the basis of sp

7-4.3 Electrical Cables

7-4.3.1 Protection. Pow
circuit and overload prote
to power cables passing th
shall have response characte|
integrity of the electrical pe
located in the battery comp
ignition source for the hydr

ly required to reach the
is greater, unless otherwise
ecial operating conditions.

er cables shall have short-
tion. The device connected
rough a pressure boundary
ristics that ensure watertight
hetrators. Protection devices
irtment shall not provide an
ogen gas.

7-4.3.2 Main and Emergency Cables. Cables.and

wiring of circuits supplied
main and emergency circuits|
from each other.

by different voltagesiand by
shall be effectivélyseparated

7-4.3.3 Positive and Ne
and negative conductors fr
pass through the same penet]
sure boundary and shall be
damaging currents.

4paced sufficiently to

jative Conductors. Positive
bm pewer sources shall not
ator’or connection in a pres-
ici prevent

7-4.3.4 Pressure Boundary. The pressure boundary
shall not be used as a current-carrying conductor.

7-4.3.5 Grounding. All e

lectrical power distribution

systems shall be ungrounded and insulated to minimize
the occurrence of faults and stray currents that may create

galvanic corrosion.
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neither prevent proper operation of the systems nor
expose personnel to unsafe voltages.

7-4.4 Battery Compartments

7-4.4.1 Sources of Ignition. Design or procedural
precautions shall be taken to eliminate all potential
sources of ignition within battery compartments.

7-4.4.2 Hydrogen Levels. Design features shall_be in
place to avoid the potential hazards arising from hydrogen
accumulation.

For batteries located within the occlipied pressure
boundary, hydrogen gas concentrations’shall be moni-
tored and maintained at a level belgw;the lower explosive
limit.

7-4.5 Emergency Lighting

Internal emergency.lighting that is switched on auto-
matically if the maingpower supply fails shall be installed.

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 onboard emergency life-
support system shall be provided for maintaining the
oxygen content of the breathing gas between 18% and
23% by volume and the concentration of carbon
dioxide (CO;) below 0.5% by volume under normal condi-
tions and 1.5% by volume under emergency conditions.

7-5.2 Main Life Support

The main life-support system shall have sufficient ca-
pacity for the design mission time plus a period of time

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 onboard emergency life-support
system shall 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 re-
quirements of para. 7-4.2.3.

(a) Emergency breathing gas shall be supplied through
full-face masks, oral-nasal masks, self-contained
rebreathers, or other means suitable for supporting life
ina contaminated environment, including the by-products
of an onboard fire. One mask per person shall be provided.

(b) The emergency life-support system shall be inde-
pendent of any surface support systems and independent

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 submersible,
usage of unoccupied spaces, and the ability of occupants to
detect fire/smoke, in advance of an onboard detector, in

of the main life-support systems.
(c) Where open-circyit systems are used, the effects of
increased compartment pressure shall be considered.

7-5.4 Consumption Rates

For calculating the 1lequired capacities of main and
emergency life-suppoift systems, the consumption of
oxygen shall be at a rate of 1 ft*> (28.3 L) per hr per
person and a carbon dfioxide (CO;) production rate of
0.115 1b (0.0523 kg) pqr hr per person, at 1 atm.

7-5.5 Oxygen Systems and Storage

(a) When oxygen sto
the pressure hull, the vo
limited such that the 1
increase the pressure
than 1 atm or raise tl
volume. The designer;
constraints, shall limit {

(b) When oxygen stot1
the pressure hull, they
banks with separate pe
sible. The pressure con
external pressure diffeq
depth of the submersib

(c) In view of the h
systems, consideration)
of materials, equipmgd
testing procedures.

age containers are located inside
ume of a single container shall be
elease of its contents shall not
n the occupied PVHO by more
le oxygen level above 25% by
as may be required by other
he allowable pressure increase.
age containers are stored outside
chall be arranged in at least two
netrations entering the submer-
tainers shall be designed for an
ential of not less than the rated
e.
pzards associated with oxygen
shall be given to the seleetion
nt, installation, cleaning, and

7-5.6 Monitoring

Capability shall be av
oxygen (0,) levels, carh
humidity, temperaturg
spaces.

Means shall be prov
dures implemented, td

hilable to the pilet for monitoring
on dioxide-(€07) concentrations,
, and préssure of all occupied

ded,-and/or operational proce-

nr\tif“y of 3 ma]Funrfinh of the

determining the location and quantity of smoke detectors.

7-6.4 Extinguishers

All submersibles shall be equipped with a suitable
means of fire extinguishing. This may consist of a perma-
nently installed system and/or portable extinguishers.
The design of the system and selection of the extinguishing
medium shall consider type and location of/fire’ antici-
pated, hazards to human health, and the.éffects of
increased pressure. Carbon dioxide and seawater are
considered unsuitable.

7-7 NAVIGATION

7-7.1 General

Submersible craft shall’be provided with navigational
equipment to enablé’safe operation under all design
conditions. Equipment shall include, but not be limited
to, the followjng:

(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 indicators to
enable safe operation under all design conditions.

7-7.3 Depth Gauges

Two independent instruments for registration of depth
shall be provided. At least one of these instruments shall
be a pressure gauge capable of functioning in an emer-
gency situation. If both are pressure gauges, they shall

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 (03) levels envisaged.

123

not have a common inlet.

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.
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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.

7-7.6 Surfaced Detection

Means shall be provided

to render the submersible,

while on the surface, readily visible to other vessels.

7-9 INSTRUMENTATION

7-9.1 General

The pilot shall be able to monitor the conditions
affecting the safety of the submersible craft and its occu-
pants.

7-9.2 Water Intrusion

7-7.7 Submerged Detect

Means shall be provided {
location while it is submerg

Where a releasable locatid
arrangement may be manus
not depend on electrical p
shall be able to operate at 4
and trim. The size of the fl
be such that expected cury
not prevent the float from (

7-8 COMMUNICATIONS

7-8.1 General

Each submersible shall be
is necessary for the crew to
at the support facility whe
submerged.

7-8.2 VHF Radio

Each submersible shall bg
two-channel transmitter/re
which shall operate on safet
other is used as a “working
between the submersible cy

on

o indicate the submersible’s
ed.

n system is used, the release
1 or hand-hydraulic. It shall
ower for its operation and
11 anticipated angles of heel
oat and length of line shall
ent action on the line does
oming to the surface.

fitted with such equipment as
ommunicate with personnel
n on the surface and when

equipped with at least one
eiver, one of the channels of
v channel 16-VHF, while the
channel” for communication
aft and its support facility.

7-8.3 Underwater Telephone (UWT)

Each submersible shall bg
dual-channel underwater te
shall enable two-way comm
with the support facility.

7-8.4 Pinger

In addition to the requir

equipped with at least’one
ephone system. This'System
unications to b maintained

submersible shall be fitted ¥

pinger, compatible with equipmen

anunderwater search and re

ements of para. 7-7.7, each

() [ 0 e A

tavailable for executing
scue. The pinger shall remain

operational in the event of loss of main power.
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An audio alarm indicating water leakage into the main
pressure hull, battery pods, and other compartments, as
may be deemed necessary, shall be incorporated into the
design.

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 ele¢trical source of
power shall be provided.

7-9.5 Ground Faults

A ground/earth fault monitoring system shall be
provided.

7-9.6 Ballast Water

Where water ballast systems are used, a visual display
showing the quantities of ballast water onboard shall be
provided.

7-10° BUOYANCY, STABILITY, EMERGENCY
ASCENT, AND ENTANGLEMENT

7-10.1 General

Submersibles shall be able to ascend/descend in a safe
and controlled manner throughout the craft’s depth of
operations.

Submersibles shall be able to maintain an acceptable
stability and trim during ascent and descent, while
submerged, and on the surface. Acceptable stability
and trim shall be maintained during transit from a
submerged to a surfaced condition, and vice versa. The
submersible craft shall be capable of remaining on the

irface with the hatch(e luring all anticipated
design environmental and operating conditions
without down-flooding.

The arrangements for blowing ballast tanks shall be

such that overpressurization is not possible.

7-10.2 Underwater Operation

The submarine shall, under all conditions of loading and
ballast, remain stable and in the upright condition with the
center of gravity remaining below the center of buoyancy.
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The distance between the center of gravity and the center
of buoyancy (GB), under all normal operating conditions,
is the greater of 1.5 in. (38 mm) or as determined by the

following:
GB =

where
d
sible to onboar

nwNd/W tan a

the interior distance within the main cabin acces-

d personnel, in. (mm)

means of separating it from all other parts of the
system, including appendages, provided the personnel
compartment is positively buoyant when released.

(b) Consideration shall be given to the jettisoning of
appendages subject to entanglement including, but not
limited to, thrusters, manipulators, cameras, and pan
and tilt systems.

(c) Jettison systems shall require at least two positive
manual actions and shall be independent of electric power.

N = total number off

n = 0.1 (10% of thg
neously)

W = the total weight
(ke)

w =

a = 25degorlessif

including batter]
tial equipment

7-10.3 Surfacing

(a) A pilot-operated
jettison system required
to bring the submersibl
tion.

(b) Thesubmersible s
lifting points to which at
the vehicle to the surfa
their connection to the v
taking into accountloads
(1g static plus 1g dyna
gitudinal acting simult

persons onboard the submarine
people aboard moving simulta-

of the fully loaded submarine, Ib

175 1b (79.5 kg)) per person

required by other design features
y spillage or malfunction of essen-

means that is independent of the
in para. 7-10.4 shall be provided
b to the surface in a stable condi-

hall be equipped with atleast two
achments may be secured to raise
e in an emergency. The lugs and
ehicle structure shall be designed
generated by forces of 2g vertical
mic), 1g transversal, and 1g lon-
neously under the most severe

condition, or the subnjersible craft shall be provided

with means of extern
surface, in all anticipate
tions, without assistan
submersible.

7-10.4 Jettisoning S)

(a) Submersibles sh
jettison sufficient mass g
able volume, other th

ally bringing the craft to the
operating and emergency condi-
e from personnel inside of the

ystem

1l be provided with, 2 means to
uch that if the largest single flood-
n personnel~compartments, is

flooded, an ascent rate approximidting the normal

ascent rate can be ach
consist of a drop weight]
ment, or a combinati

eved. Thé jettisoned mass may
appéndages subject to entangle-
pn.0f’both. Alternatively, the

passenger compart

ent—may-—beprovidedwith—a

(d) Submersibles shall have stability under any combi-
nation of jettisoned masses to provide safe recovery of
personnel.

7-10.5 Entanglement

The possibility of entanglements shall be considered in
the design of submersible craft. Design features, opera-
tional and emergency procedures, and/or means of jetti-
soning may be necessary.

7-11 EMERGENCY EQUIPMENT
7-11.1 Life Jackets

Life jackets shall be provided for, and accessible to, each
person on the submersible. Personnel shall be able to
disembark with a donned life jacket. Inflatable-type life
jackets should be considered to facilitate disembarkation.

7-11.2 First Aid Kit

Submersibles shall be provided with a first aid kit
approptiate for the environment and intended needs.

7-11:3 Thermal Protection

Submersibles operating in cold waters shall be
equipped with sufficient emergency thermal protection
for all occupants in consideration of the duration 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 I
REFERENCE CODES, STANDARDS, AND SPECIFICATIONS

Codes, standards, and spcifications incorporated in
this Standard by reference, gnd the names and addresses
of the sponsoring organizations, are shown below. The
most current edition, inclugling addenda, of referenced

codes, standards, and specifications shall be used.

21 CFR 820, Food and Drug|

29 CFR 1910, Occupational

Publisher: U.S. Government
N. Capitol Street, NW
(www.gpo.gov)

ANSI/FCI 70-2, American N
Valve Seat Leakage

Publisher: Fluid Controls Iy
Avenue, Cleveland, OH 44
tute.org)

ASME B1.20.1, Pipe Thread
ASME B31.1, Power Piping
ASME B36.10M, Welded and

5, Quality System Regulation
Safety and Health Standards
Publishing Office (GPO), 732

Washington, DC 20401

htional Standard for Control

stitute (FCI), 1300 Sumner
| 15 (www.fluidcontrolsinsti-

, General Purpose (Inch)

Seamless Wrought Steel Pipe

ASME B36.19M, Stainless Steel Pipe

ASME Boiler and Pressure

ASME PVHO-2, Safety Stand
Human Occupancy: In-Set

Publisher: The American Sod
(ASME), Two Park Avenug
(www.asme.org)

ASTM B88, Specification for

ASTM B154, Method of Merc
and Copper Alloys

ASTM D256, Test Methods f
tics and Electrical Insulat]

ASTM D542, Test Methods
Transparent Organic Plas

ASTM D570, Test Method fon

ASTM D638, Test Method for]

(essel Code

ard for Pressure Vessels for
vice Guidelines

iety of Mechanical Engineers
, New York, NY 10016-5990

beamless Copper Water-Tube
rous Nitrate Test for€opper

r Impact Resistance of Plas-
ng Materials

for Index\of Refraction of
Fics

WateyrAbsorption of Plastics

Tensile Properties of Plastics

ASTM D790, Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical
Insulating Materials

ASTM D792, Test Method for Specific Gravity (Relative
Density) and Density of Plastics by Displacement

ASTM E208, Method for Conducting Drop-Weight Test-to
Determine Nil-Ductility Transition Temperature, of
Ferritic Steels

ASTM E308, Method for Computing the Colors 0f'‘Objects
by Using the CIE System

ASTM G63, Standard Guide for Evaluatihg Nonmetallic
Materials for Oxygen Service

ASTM G88, Standard Guide for Designing Systems for
Oxygen Service

ASTM Manual 36, Safe Use of Oxygen and Oxygen Systems:
Guidelines for Oxygen Systeém Design, Materials Selec-
tion, Operations, Storage, and Transportation

Publisher: American,Society for Testing and Materials
(ASTM Internagional), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

CGA G-4(4,~Oxygen Pipeline Systems

Publisher: Compressed Gas Association (CGA), 14501
George Carter Way, Suite 103, Chantilly, VA 20151
(www.cganet.com)

IS0 9001, Quality management systems — Requirements1
ISO 13485, Medical devices — Quality management
systems — Requirements for regulatory purposes1
Publisher: International Organization for Standardization
(IS0), Central Secretariat, Chemin de Blandonnet 8, Case
postale 401, 1214 Vernier, Geneva, Switzerland

(www.iso.org)

NASA Technical Manual TMX 64711, Compatibility of
Materials with Liquid Oxygen, October 1, 1972
Publisher: Marshall Space Flight Center, Building 4200,

ASTM D648, Test Method for Deflection Temperature of
Plastics Under Flexural Load

ASTM D695, Test Method for Compressive Properties of
Rigid Plastics

ASTM D696, Test Method for Coefficient of Linear Thermal
Expansion of Plastics

ASTM D732, Test Method for Shear Strength of Plastics by
Punch Tool

ASTM D785, Test Method for Rockwell Hardness of Plas-
tics and Electrical Insulating Materials
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Room 120, MSFC, Huntsville, AL 35812 (www.msfc.na-
sa.gov)

Naval Ships’ Technical Manual NAVSEA S9086-H7-STM-
010/CH-262R6, Chapter 262, Lubricating Oils,
Greases, Specialty Lubricants, and Lubrication Systems

 May also be obtained from the American National Standards Institute
(ANSI), 25 West 43" Street, New York, NY 10036 (www.ansi.org).
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Publisher: Commander Naval Sea Systems Command,
1333 Isaac Hull Avenue, SE, Washington Navy Yard,
DC 20376-1080 (www.navsea.navy.mil)

NFPA 99, Standards for Health Care Facilities
Publisher: National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169 (www.nfpa.org)

Threshold Limit Values for Chemical Substances

Publisher: American Conference of Governmental Indus-
trial Hygienists (ACGIH), 1330 Kemper Meadow Drive,
Cincinnati, OH 45240 (www.acgih.org)
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MANDATORY APPENDIX II
DEFINITIONS

ACGIH: American Conferenc
Hygienists.

acrylic: methyl methacrylate|
and mechanical properties
2-3.4-2.

air-ventilated PVHO: a PVHO
air is supplied to the PVHO
sphere for the purpose of
conditions.

b of Governmental Industrial

polymer possessing physical
hown in Tables 2-3.4-1 and

in which a flow of breathing
and exhausted to the atmo-
maintaining life-sustaining

ballast tank: a compartment/tank used to control the

buoyancy of a submersible

brazed fitting (tube): any
attached to the pipe or tube b

breathing device: the applian|
gas to a PVHO occupant. The
chamber atmosphere.

breathing gas: any gas intend

breathing gas service: any

PVHO.

fube or pipe fitting that is
y means of a brazing process.

re used to deliver a breathing
bas may be different from the

ed for use as arespirable gas.

ine that carries gas that is

intended for use as a respirable environmental gas in

an occupied space or is int|
of breathing apparatus is c
gas service.

breathing gas system: any sys
(including air) intended for i
systems are considered bre

chamber: a pressure vessel
humans.

chamber system: one or mor
tion as an operational unit.

chip: a small fracture flaw i
typically, the result of impa|

ended for use in some type
nsidered to be in breathing

tem that is used to handle gas
uman respiration. All oxygen
hthing gas systems.

intended for occupancy-by

b chambers intended to func-

h the window surface (most
rt withta‘hard object).

closure: a mechanism that aTows opening and/or closing

for attachment or disconne

tion of an associated PVHO,

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 discqloration
or opaqueness without well-defined boundaries on the
surface or body of the acrylic window.

conversion factor (CF) (window): an empirical ratio of
short-term critical pressure to design-pressure for a
given temperature.

crack (window): a discontinuity in the acrylic indicating
local failure of the acrylic window. A crack is characterized
by its length and depth.

crazing (window): a haze on the surface of the window
made up of a multitude of 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:

eritical density of population: number of significant inclu-
sions or scratches per specified contiguous area or volume
of window that cannot be exceeded in a finished window.

critical dimension (window): the maximum dimension of
discontinuity on the surface or in the body of an acrylic
window. For inclusions, it is the effective diameter,
whereas for scratches, it is the depth.

critical locations (window): locations on the surface 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.

hatch, or door. Includes both fixed clamps and quick-

opening clamps.

clump weight: the weight attached to and deployed by the

guide wire system.

component: consists of, but not limited to, items such as
pipe, piping subassemblies, parts, valves, strainers, relief

devices, and fittings.
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critical size of population (window): total number of inclu-
sions or total length of scratches with significant dimen-
sions that cannot be exceeded in a finished window.

critical spacing (window): the minimum allowable spacing
between peripheries of inclusions or scratches with signif-
icant dimensions in a finished window.

custom casting (window): a casting of any shape that is not
carried as a standard production item.
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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 shall withstand without cracking under intermit-
tent pressurization.

¢ylindrical window: a window consisting of a tube with

elastomer: a natural or synthetic material that is elastic or
resilient and in general resembles rubber in its deforma-
tion under tensile or compressive stresses (i.e., at least
50% elastic compression and 70% elastic extension).

examination: the process of determining the condition of
an area of interest by nondestructive means measured
against established acceptance or rejection criteria. Exam-
ination is generally performed using nondestructive

circular cross section.

deck decompression chamber: a PVHO used for operational
recompression, barotrajuma 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 Sfandard, it is a pressure excursion
at design temperature to the design pressure and
returning to ambient. Bressure is held for 4 hr at both
the design and ambien{ pressures.

design depth: the maxinhum depth to which the submer-
sible PVHO is designed|to operate.

design life (windows): th¢ period of time and/or number of
design cycles assumed fpr a window complying with this
Standard. The window|design life may be different for
different types of windlows. The design life has three
aspects: total time undler pressure, cyclic design life,
and total chronological time from the date of initial manu-
facture.

design pressure: the highlest pressure that shall be reached
in the pressure vessel ifcluding coincident static head in
the operating position afd at the most severe combination
of pressure and temperfture expected in normal opera-
tions. For this condition fhe maximum differences in pres-
sure between the inside{and outside of a pressure vessel,
or between any two chafnbers or a combination unit, skall
be considered.

design qualification (win
for verifying the confor
design to mandatory str
dard.

design temperature: m3
tures for which a press

dow): an experimental precedure
mance of a nonstandard’window
ictural requirements'of this Stan-

Iximum and\minimum tempera-
Lire component is designed.

ding (window): a craterqlike~shallow, crack-free indenta-
tion in the window suifface:resulting from impact. The
depth of the indentation'istyptes essthe e-ciamete
of the crater at the window surface.

A Y cara c

diving system: a PVHO system that is used for diving,
support of diving operations, or diving training.

drop weight: a releasable weight(s) attached to the diving
bell.
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exvamination (NDEY methodse.g visual liguid nenetrant
AY J 7 o 7 -1 r 7

radiography, or ultrasonic.

fabricator: an individual or organization that creates a
component, part, or product from raw materials
meeting a material and design specification(s).

fiber (window inclusion): a nonmetallic fiber in an agrylic
casting (e.g., individual hair or fiber of cotton, polyester, or
nylon) with diameter <0.005 in. (0.125 mm),

flammable: a material capable, when ignited; of main-
taining combustion under specific envirenimental condi-
tions.

flare fitting (tube): any tube fitting that grips the tube by
means of a flare that is appliedto. the end of the tube by
mechanical means.

flat disk window: a planej.circular window geometry.

Fp: adjustment factopto be multiplied by the ACGIH TLV
when the anticipatéd'duration of manned occupation is in
excess of 8 hr.

full-scale window: a window whose dimensions are iden-
tical to the window in actual service.

gas chiromatography/mass spectrometry (GC/MS): method
ofidentifying and quantifying volatile hydrocarbons using
a.combination of gas chromatography and mass spectro-
metry.

gas container: a pressure vessel for the storage and trans-
port of gases under pressure.

gouge (window): a wide, V-shaped, crack-free disconti-
nuity in the window surface resulting from the movement
of a rough, hard object across the surface of the window.
The depth of the gouge is typically less than or equal to the
width of the discontinuity.

guide wire(s): an independent system of wires used to
deploy a clump weight that provides vertical and rota-
tional stability to the diving bell. These are typically

designed to allow the diving bell to run freely up and
down the guide wires.

handling system: a system to support the launch, recovery,
and other handling operations of diving bells and may
include cranes, booms, masts, frames, winches, and asso-
ciated hydraulic and electrical systems as necessary for
the intended operations.
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handling system design load: the design load is the
maximum expected load on the handling system and
consists of a combination of the rated load; the
dynamic effects of pitch, roll, and heave; the weight of
the rigging (hooks, blocks, deployed rope, etc.); and
other applicable loads, e.g., wind load, drag, added

mass effect, and weight of entrained mud and water.

handling system rated load/safe working load: the rated

load or safe working load
the assembled handling sys
maximum rated speed wh
rope or umbilical is being
under the parameters specif
ification (e.g. hydraulic pres
voltages).

harmful chemicals (windoy
substances that, upon contd
acrylic windows, initiate cr3
ether, methyl ethyl ketone,

helium service: any portion
contain gases containing he
be in helium service.

hemispherical window: a gg
spherical window shape.

high-pressure face (windo
window that in service is
loading on the window.

tem is certified to lift at its
en the outermost layer of
iwound on the winch drum,
ed in the User’s Design Spec-
ures and electrical currents/

): liquid, solid, or gaseous
ct with surfaces of stressed
zing (e.g., alcohols, acetone,
nnd adhesive tapes).

pf a piping system that may
lium shall be considered to

ometry that depicts a half-

v): viewing surface of the
cted upon by the pressure

hydrocarbon: all organic con
hydrocarbon analyzer.

hyperbaric stretcher: a p
approved for transfer unde

hyperhemispherical windo
having an included angl
single penetration, and a ¢

inclusion-fiber (window): a
casting (e.g., individual hair
nylon) with diameter <0.00

inclusion (window): a foreign
of acrylic with a dimension
sphere having an equivalen

inspection: activities perfor
fabrication, construction, e
etc., conform to applicabl

pounds detectable by a total

rtable monoplace PVHO
pressure.

: a spherical acrylic shell
greater than 180 deg, a
ical bearing surface.

nmetallic fiber in an acrylic
r fiber of cotton, polyester,or
in. (0.125 mm).

substance or void inrthe body
easured as the\diameter of a
volume ef-the inclusion.

ed to verify that materials,

aminations, testing, repairs,
code, engineering, and/or

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 from other connected compartments
(e.g., inner lock, outer lock, entry lock, med/service lock).

long-term proof pressure (LTPP): pressure that a window
shall withstand without catastrophic failure under
Sustained pressurization o ; -hr duration in
design temperature ambient environment. This Standard
defines long-term proof pressure as equal to design pres-
sure.

lot identification (window): identification affixed by the
manufacturer of plastic to all castings constituting a lot
of material.

lot of material (window): a unit of manufacture consisting
of a single production run poured from the same\mix of
monometric material and made at the same time, under-
going identical processing from monomer to polymer.

low-pressure face (window): viewing-surface of the
window that while in-service is not*acted upon by the
pressure applied to the window,

manufacturer: an individual ot\organization responsible
for the repeated production+of a product (e.g., multiple
pressure vessels of the"same design, windows, valves,
and other components), or referenced as the entity
responsible for a gniquely specified product on a form,
nameplate, or ¥gport, in accordance with the rules of
ASME PVHQ-Dand the User’s Design Specification.

marine system: a chamber or chamber system that is to be
usedrinna marine environment. For the purposes of this
Standard, all chambers and chamber systems that are not
exclusively land-based are considered marine systems.

marking (window): identification on the window’s bearing
surface or edge denoting that the window met the PVHO-1
Standard requirements for the specified design tempera-
ture and pressure. The fabricator’s identification symbol,
serial number, and year of fabrication are also part of the
marking.

material manufacturer: an organization responsible for
the production of raw materials/products meeting the re-
quirements of a material specification, and accepting the
responsibility for any statements or data in any required
certificate of compliance or Material Test Report repre-

owner’s written procedure requirements.

inventory control identification (window): identification
assigned to a single sheet or custom casting by the fabri-

cator of windows when lot i

dentification is not provided

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.
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senting the material.

material specification: a description of the identifying
characteristics of a material (product, form, ranges of
composition, mechanical properties, methods of produc-
tion, etc.) together with sampling, testing, and examina-
tion procedures to be applied to production lots of such
material to verify acceptable conformance to the intended
characteristics.
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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)

sSha

€ operated. ated in : ,Table T an ; , Table
1. For special pipe having a diameter not listed in these

medical chamber: a chamber or chamber system that is

intended for use as par
tering hyperbaric oxyg
medical treatments.

medical lock: a small c
pressure hull ofthe PVH
into and out of a PVHO

megapascal (MPa): the S
or 145 psi.

model-scale window: a \
scaled down linearly fr

monoplace chamber: a P
single person.

multiplace chamber: a |
two or more people.

NEMO window: a spheri
conical penetrations Y
inserts with conical edg

nominal values: specified
nents of a chamber to
subsequently applied o

nonstandard window
geometry that must fi
for the intended design|

operating pressure: the p
subsystems are designe
the maximum allowable

of a clinical setting for adminis-
en therapy or other hyperbaric

mpartment that penetrates the
D, allowing items to be transferred
under pressure.

[ unit of pressure equal to 10 bar,

Findow whose dimensions are all
m the window in actual service.

[VHO designed to accommodate a

VHO designed to accommodate

ral acrylic shell with two or more
vhose edges are supported by
es.

dimensions or angles for compo-
hich dimensional tolerances are
h fabrication drawings.

geometry: unproven window
'st be experimentally qualified
pressure and temperatures.

ressure at which the PVHO and its
| to operate. This shallfotexceed
working pressure,(as)defined in

the current edition of AYME BPVC and ASMEB31.1) of the

PVHO or any of its subsy
usually kept at a suital
pressure relief device(s

operational temperatu
temperatures to which

rstems. The operating pressure is
le level below-the setting of the
to prevéntiits frequent opening.

e range: the range of ambient
the-chamber can be subjected

permissible exposure limit (PEL): nomenclature used by
the Occupational Safety and Health Administration
(OSHA) to express allowable airborne concentration
for a conventional 8-hr workday and a 40-hr workweek.

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 pipe size as tabu-

tables, and also for round tube, the nominal diameter
corresponds with the outside diameter. The fundamental
difference between pipe and tube is the dimensional stan-
dard to which each is manufactured.

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 noncircularittbing for
pressure piping within the scope of this/Standard is not
permitted.

piping system: the assembly of pipihg 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 pipihg system by admitting or releasing
fluid pressure, asrequired, to maintain pressure at or near
a designated;setpoint. Other commonly used terms
include pressure-reducing valve, pressure regulator,
and baeK:pressure regulator.

pressiire testing certification (window): certification that
the.newly manufactured window has successfully met
the mandatory requirements of PVHO-1.

pressure testing laboratory (window): the party who pres-
sure tests windows installed in viewport flanges and
provides pressure testing certification.

pressure vessel for human occupancy (PVHO): a chamber
that encloses a human being within its pressure boundary
while it is under internal or external pressure.

Professional Engineer: an individual who has fulfilled
education, experience, and testing requirements that,
under applicable jurisdictional engineering licensure or
chartering laws, permit him/her to have technical
authority according to the jurisdiction.

while pressurized.

oxygen service (piping): any portion of a piping system
internally pressurized with a gas containing more than
25% oxygen by volume.

payload: the weight the submersible PVHO is capable of
carrying in addition to its permanently fitted equipment.
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PVHO manufacturer: person, group, or corporate entity
that constructs or assembles a pressure vessel for
human occupancy in accordance with the provisions of
ASME PVHO-1 and the User’s Design Specification.

qualified person: someone who, by possession of a recog-
nized degree, certificate, or professional standing, or who,
by knowledge, training, and experience, has successfully
demonstrated the ability to perform the assigned duties.
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quality assurance program: documented systematic orga-
nization of policies and procedures to ensure that the
product or service delivered meets all customer and
design specifications.

rated depth: the maximum depth to which the submersible
craft is certified to operate.

risk: the combination of the probability of occurrence of

harm and the severity of that harm.

significant dimension (window): when the dimension of an
inclusion or a scratch exceeds a specified value and is
considered as being present in the window for inspection
purposes.

soft goods: O-rings, gaskets, seals, and other polymer or
elastomer components used in a PVHO system.

spherical sector window: a geometry that depicts a sphe-
rical window shape.

risk analysis: the systematic 4
identify hazards and to elin

saturation diving: a diving pr
continuously subjected to a
spheric so that his/her bod
saturated with the inert el
at the elevated ambient pre

scratch (window): a crack-fre
of the acrylic window that is
coming in contact with the ag
of evaluation, gouges and
scratches. The dimension

the sharp surface discont
window surface to the bott

service life (window): the per
cycles that a window may
service. The window serv
longer than the window de
the conditions of service, 19
or other factors. (For addit]
the service life of windows,

service locks (other than h

se of available information to
jinate the risk.

bcedure by which the diver is
pressure greater than atmo-
y tissue and blood become
ement of the breathing gas
ssure.

e discontinuity on the surface

the result of foreign objects
rylic surface. For the purpose
dings shall be considered
f a scratch is the depth of
inuity measured from the
m of the scratch.

od of time and/or number of
be permitted to remain in
ice life may be shorter or
ign life due to variations in
tent manufacturing defects,
onal information regarding
see ASME PVHO-2.)

man occupancy): compart-

ments for transferring supplies and materials into and

out of a PVHO while the occu

shall: shall or shall notis used
mandatory.

sheet castings: sheets of plag
basis and carried as a standat
facturer’s sales catalog.

short-term critical pressure (
required to catastrophically|
min (4.5-MPa/min) rate in
environment.

short-term proof pressure
window shall withstand w

bants remain under pressure.

to indicate thata provision is

tic cast on a production dine
d production item in agnanu-

bTCP) (window)rthé'pressure
fail a windowat a 650-psi/
lesign temperature ambient

STPP)» the pressure that a
ithout catastrophic failure

standard temperature: the range of material temperatures
from 70°F to 75°F (21°C to 24°C) at which all the dimen-
sions in this Standard are specified.

standard window geometry: proven window geometry
that, because of its safe service record, has been incorpo-
rated in this Standard. Windows with standard geometries
may be used in pressure vessels for human occupancy
without having to undergo experimental design qualifica-
tion.

submersible: a manned, self-contained, mobile vessel that
primarily operates under water and rélies on surface
support (e.g., a surface ship or shore-based facilities)
for monitoring and for one or more,of the following:

(a) recharging of power supply

(b) recharging high-pressure.air

(c) recharging life suppott

submersible diving chamber (SDC): commonly called a
diving bell; used to transport divers under pressure to
a work site.

supplier (windows): the party who supplies finished
windows with all required certifications to the
chamber-manufacturer (original equipment) or user (re-
placement). There is nothing in this Standard prohibiting
the supplier from performing the functions of plastic
manufacturer, material testing laboratory, window
designer, window fabricator, and pressure testing labora-
tory, provided that these functions generate the required
certifications.

support facility: a surface craft or shore-based facility
providing support to the submersible PVHO.

systems integrator: a person, company, or manufacturer
that brings together component subsystems and ensures
that the overall system and all of its subsystems function
safely together.

testing: within this Standard, testing generally refers to

under short-term pressuri

zation at 650 psi/min (4.5

MPa/min) in design temperature ambient environment.
This Standard defines short-term proof pressure as equal
to 4 times the design pressure.

should: should or it is recommended is used to indicate that
a provision is not mandatory but is recommended as good

practice.
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cit}u:x l)l CT33UI’T tCDtills, VV}ICt}lCl lJleUl 1llCC‘l 11ydl Ubtatl
cally, pneumatically, or a combination hydrostatic pneu-
matic, or mechanical testing to determine such data as
material hardness, strength, and notch toughness.
Testing, however, does not refer to NDE using methods
such as liquid penetrant or radiography. See examination.

thickness of a vessel wall:
design thickness: the sum of the required thickness and
the corrosion allowance.
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nominal thickness: the thickness selected as commer-
cially available and supplied to the manufacturer. For
plate material used in formed shapes, the nominal thick-
ness shall be, at the manufacturer’s option, either the
thickness shown on the Material Test Report before
forming or the thickness of the plate at the joint or location

under consideration.
required thickness: th

at thickness computed from the

maximum design pressure and other loading criteria

tube: a hollow product of circular or any other cross
section having a continuous periphery. Circular tube
size may be specified with respect to any two, but not
all three, of the following: outside diameter, inside
diameter, and wall thickness; types K, L, and M copper
tube may also be specified by nominal size and type
only. Dimensions and permissible variations (tolerances)
are specified in the appropriate ASTM or ASME standard
specifications.

prior to the corrosion 4

third-party inspection a
tion, independent of th|
who is qualified throug
to perform the inspecti

threshold limit values (]
American Conference o
nists (ACGIH) to express
for a conventional 8-hr

total hydrocarbon analy
employing a hydrogen
having a range of 0 n
methane equivalents.

llowance being applied.

pency: an individual or organiza-
e designer, fabricator, and user,
h education, test, or experience
b1,

'LV): nomenclature used by the
Governmental Industrial Hygie-
allowable airborne concentration
workday and a 40-hr workweek.

rer: any suitable process analyzer
flame ionization detector (FID)
g/m? to at least 1000 mg/m?

trunk/tunnel: any void that creates a volume between two

or more doors or hatche
or a tunnel.

is considered to be either a trunk

tube or pipe fitting, bite-type fitting: any tube fitting that
grips the tube by means of one or more teeth that bite or
diginto the outside diameter of the tube creating a definite
notch.

viewport (window): a penetration in the pressure vessel
including the window, flange, retaining rings, and_seals.

void (window): hollow cavity in the body of th& acrylic
casting.

welded fitting: any tube or pipe fitting that)is attached to
the tube or pipe by means of a welding process.

window: a transparent, impermeable/and pressure-resis-
tant insert in the viewport.

window fabricator: person, group, or corporate entity that
fabricates PVHO windows.nraccordance with the require-
ments of ASME PVHO-1"and the User’s Design Specifica-
tion.
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NONMANDATORY APPENDIX A

DESIGN OF SUPPORTS AND LIFTING ATTACHMENTS

The designer should congider using the provisions of (b) “Stresses in Large Horizontal Cylindrical Pressure

the following studies, which

appear in Pressure Vessels Vessels on Two Saddle Supports,” L. P. Zick, reprinted from

and Piping: Design and Analysis, Volume Two — Compo- Welding Journal Research Supplement, 1971.
nents and Structural Dynainics, The American Society The use of these provisions shall not negate Code re-
of Mechanical Engineers, N¢w York, 1972: quirements.
(a) “Local Stresses in Spljerical and Cylindrical Shells
due to External Loadings,” K. R. Wichman,A. G. Hopper, and
J. L. Mershon, reprinted fromm Welding Research Council

Bulletin 107, 1965.
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NONMANDATORY APPENDIX B
RECOMMENDATIONS FOR THE DESIGN OF THROUGH-
PRESSURE BOUNDARY PENETRATIONS

B-1 GENERAL

This Appendix proy
through-pressure boun|

rides several basic designs of
dary piping penetration designs

that have been found fo give good service. Acceptable

designs of through-pre
are not necessarily limit]
sure boundary penetrat
and weld detail requirer]
BPVC, Section VIII, Divis

B-2 PENETRATOR D

Figure B-2-1 shows
intended principally foj

(a) full coupling inte
couplings or a special
Design Specification. F
6,000-psi NPT coupling
less steel.

(b) half-coupling, fu
This is generally use

ssure boundary piping systems
ed to the designs shown. All pres-
ons shall meet the reinforcement
hents of ASME PVHO-1 and ASME
on 1 or Division 2, as appropriate.

ESIGNS

four basic penetrator designs
services as follows:

hded for standard threaded pipe
coupling dictated by the User’s
r most applications, a standard
s acceptable in 316 or 316L stain-

l-penetration weld installation.
| for pressure equalization in

supply locks and transfer tunnels and can also be used

for pressure gauge pen

(c) special forging. T
radiographable penetr
ASME BPVC, Section VI

(d) flush-mount coup
6,000-psi or special forg
tion is used where a f{
external threads is 1
chamber drains and sup|
or in other applications
required.

ptrators.

his category is intended for fully
htors, generally to comply/with
I, Division 2.

ling. This category is géenetally a
ing type coupling. This)configura-
ull coupling withiinternal and
equired, or-where there are
ply lock and\tunnel equalizations,
where a flush internal mount is

B-3 COUPLING DETAILS

Figure B-3-1 shows four acceptable coupling details.

B-3.1 Threaded Couplings

(a) NPT (National Pipe Thread) 6,000-psi Coetipling. For
marine systems the coupling material shouldbe a stainless
steel per para. B-4. The heavy wallsof-the 6,000-psi
coupling normally permits at least one ‘field rethreading
should the original threads be damaged.

(b) Special Coupling With anSAE or MS (Military Stan-
dard) Straight Thread O-Ring/Boss. This design is recom-
mended over pipe threads.when the contained fluid may
be helium.

B-3.2 Threaded*Insert Couplings

These are(generally smooth bore couplings with
threaded, flanged inserts with either pipe threads or
straight ‘thread O-ring seals. This installation can be
sealéd-and secured with a fillet weld or assembled
with-a flat washer and locking nut with O-ring seals as
shown. The latter installation is preferred but its cost
often makes it impractical.

B-4 MATERIALS

Practical experience has shown that unthreaded (i.e.,
smooth bore) couplings in marine systems may be any
Code-approved forged steel while threaded couplings
and inserts should be of approved stainless steel (316
or 316L), brass, or bronze. Corrosion-resistant alloys
are strongly recommended to eliminate cleaning, mainte-
nance, and material compatibility problems. Threaded
couplings and inserts in land-based chambers may be
of any Code-approved material.
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Figure B-2-1 Acceptable Weld Nozzle Penetrators

(a) Full Coupling (b) Half Coupling

(c) Special Forging (d) Flush-Mount Coupling

GENERAL NOTE: This figure refers to pipes 2 in. (50 mm) and under.
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Figure B-3-1 Acceptable Threads and Inserts

Pipe thread ~ Washer
(NPT) O—rlng

. Nut
Pipe thread Straight 7

(NPT)—\ /O—ring (SAE) =
),_l [

J

Coupling

(ref.) \

—— - ———
oo o =

Inside surface
(ref.)

Fillet weld, both ends

Straight

O-ring
O-ring (SAE)

(a) Threadef Couplings (b) Threaded Insert Couplings
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NONMANDATORY APPENDIX C
RECOMMENDED PRACTICES FOR COLOR CODING AND
LABELING

All piping and gas storage
labeled to indicate content, j
pressure, and direction of f]
materials such as stainless
continuous coat of paint. Fg
corrosion-resistant materia
in. (25-mm) band of pain
applied at every bend and
side of obstructions. To
minimum of three bands sho

Table C-1 U.S. N

bottles should be colored and
naximum allowable working
ow. Except for certain pipe
steel, the color should be a
r stainless steel and similar
s, color coding may be a 1-
or tape. Bands should be

intersection, and at each
pid in tracing the pipe, a
uld be visible at any location.

avy Color Codes

Name Desjignation Color
Oxygen 0, Green
Nitrogen N Light gray
Air (low pressure) ALP Black
Air (high pressure) AHP Black
Helium He Buff
Helium-oxygen mix He-0, Buff and green

GENERAL NOTE: Adapted from [
0994-001-9010.

LS. Navy'\Biving Manual NAVSHIPS

In addition to color coding, piping should be labeled with
the name and/or symbol of its contents, direction of flow,
and maximum allowable working pressure. This labeling
should be applied at every intersection and at each side.of
obstructions. For labeling, a color that contrasts with'that
of the pipe should be used. Tables C-1 and C-2 give the
color codes required by the U.S. Navy and the Intérnational
Maritime Organization (IMO), respectively..Other color
codes may also be used.

Table C-2 IMO Color Codes

Name Symbol Color
Oxygen 0, White
Nitrogen N, Black
Air Air White and black
Carbon dioxide CO, Gray
Helium He Brown
Oxygen-helium mix 0,-He White and brown

GENERAL NOTE: Adapted from IMO Resolution A536, “Code of Safety
for Diving Systems.”
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NONMANDATORY APPENDIX D
GUIDELINES FOR THE SUBMISSION OF A CASE FOR THE USE OF
NONSTANDARD DESIGNS, MATERIALS, AND CONSTRUCTION

FOR NON-FLEXIBLE PVHO CHAMBER FABRICATION

PVHO chambers usin
and/or construction t

b nonstandard materials, design,
echniques may be constructed

under the requirements of ASME PVHO-1 if a Case
describing all exceptior}s and additions to ASME PVHO-

1 has been reviewed
Consensus Committee

and approved by the PVHO
(hereinafter referred to as the

Committee) in accordance with Committee Procedures.

The following provides
tion and format that sh
Case inquiry (hereinaft
The issuance of a PVH
approval of a specific
Committee to provide

A general outline of the informa-
uld be included in the proposed
b1 referred to as the Case).

D Case should not be construed as
design. It is the intent of the
performance-based criteria that

are applicable to simillar nonstandard features. The
Case method permits thg Committee to assess the inherent

safety of the nonstanda

Id feature prior to adoption into

PVHO-1. It is the Comnlittee’s objective to ensure that a

nonstandard PVHO pro
dard PVHO.

D-1 INTRODUCTION

The intention of a C

rides equivalent safety as a stan-

se is to ensure that alternative

approaches are implenjented with design marging and

quality assurance com
for recognized materi
Minor changes to the

may not require the

described below. Ra
require additional con
applicant is cautioned 1
in accordance with th
the results with a requ
of the Case in the form

mensurate with those set,forth
als and established geometry.
requirements in ASME PVHO-1
extensive analysis and testing
ically different designs may
iderations. \For this reason, the
ot to fabricate and test a PVHO
bse glidelines and then submit
bst_for review. Rather, submittal

recommended prnvir‘lpc a base-

A Case is normally issued for a limited period of time,
after which it may be reaffirmed, incorporated into‘the
Standard, revised, or allowed to expire. The Comimittee
may also act to revoke a Case prior to its normally sched-
uled expiration, if deemed necessary.

D-2 GENERAL

The formal written inquiry to.the Committee should
provide background information describing the new or
novel design and/or material.being proposed for consid-
eration. An explanation.of'what is being proposed, why
this proposal is being presented for consideration, and
how the new degsign and/or material is to be used
should be provided.

All proposed;PVHO Cases, including proposed reaffir-
mations of-existing PVHO Cases, must be prepared in
accordarce with the latest published edition of the rele-
vant'PVHO standard, which must be noted in the Case
itself.

The applicant should clearly and concisely present all
exceptions to ASME PVHO-1 that are being sought. Re-
quirements in addition to those in ASME PVHO-1 that
are proposed to ensure that the nonstandard PVHO
provides equivalent safety to a standard PVHO should
also be stated.

The following information shall be provided:

(a) the maximum allowable working pressure (MAWP)

(b) a description of the configuration, shape, and
dimensions of the vessel complete with enclosures,
windows, etc.

(c) the maximum number of occupants

(d) the design temperature limits

(e) the design life expectancy of the vessel vur
7 [=) r 4 7

(19)

(19)

line for the Committee to make an initial assessment of the
inherent technical merit and, if warranted, offer appro-
priate recommendations regarding revision. Should the
applicant wish to conduct testing prior to submitting a
Case, the Committee reserves the right to require addi-
tional tests.

Once a Case is published, it may then be used in accor-
dance with the provisions and limitations defined in the
Case.

(f) the design number of pressure cycles

When an existing PVHO Case is being proposed for reaf-
firmation, documentation shall be provided identifying
any and all changes made since the edition to which it
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