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INTRODUCTION

This technical manual for Integrated Pressure Sys-

tems and Components (Portable and Installed) is
prepared as a directive for personnel engaged in
the operation, installation, testing, and mainte-
nance of low medium, high pressure, and vacuum
pressure systems, aerospace ground equipment,
test equipment and installed missile support
equipment.

Real property installed equipment and industrial
property specifically excluded by regulations from
technical order coverage are exempt from the
requirements of this technical order.

Service conditions for installation of this type are
more rigorous than those normal to general indus-
try. Proper selection of material and equipment,
use of correct fabrication procedures, and installa-
tion and maintenance by competent personnel will
ensure safe and efficient operation of pressure
systems.

When requirements of this technical order restrict
the development of the R and D field, the require-
ments outlined are waived.

Data in this manual have been selected from, or
are in agreement with, codes or accepted stan-
dards for the selection, installation, and mainte-
nance of all pressure fluid systems. These
instructions shall not be applied to specific sys-
tems unless the information required is not con-
tained in the technical order, maintenance manu-
als, etc., for that system.

Chapter 1, GENERAL, contains all data that are
applicable to two or more of the following chap-
ters: Chapter 2, MISSILE SUPPORT SYSTEMS;
Chapter 3, AIRBORNE SYSTEMS; Chapter4,
AEROSPACE GROUND EQUIPMENT; and Chap-
ter 5, FACILITIES (INSTALLED PROPERTY).
Chapters 2 and 5 contain data that are unique to
the applicable chapter; text here refers to Chapter
1 when necessary. Chapter 6, VACUUM SYS-
TEMS, contains all data pertaining to vacuum
systems.

SPECIFICATION
NUMBER

MIL-H-5440

MIL-P-5518

MIL-P-8564

MIL-H-8775

TECHNICAL
MANUAL
NUMBER

AFM 160-39

AFM 127-100

AFOSH STD 127
Series

AFM 127-201

TO 00-20K-6

TO 00-25-224

TO 00-25-229

T.0. 00-25-223

Reference has been made in this manual to the
following technical manuals and specifications
which contain applicable data and instructions:

TITLE

Hydraulic Systems, Air-
craft Types I and II, De-
sign, Installation and Data
requirements for.

Pneumatic Systems, Air-
craft, Design Installation,
and Data Requirements
for.

Pneumatic System Compo-
nents, Aeronautical Gener-
al Specifications for.

Hydraulic System Compo-
nents, Aircraft and Missile
General Specification for.

TITLE

The Handling and Storage
of Liquid Propellants

Explosive Safety Manual

Accident Prevention Hand-
book

Missile Safety Handbook

Inspection and Age Con-
trol-Equipment Prime at
OCAMA

Welding High Pressure
and Cryogenic Systems.

Valves and Regulators for
Integrated Pressure Sys-
tems
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Engineering Handbook Se-
ries for Aircraft Repair -
Aircraft Structural Hard-
ware.

TITLE

General Maintenance In-
struction for Support
Equipment.

Maintenance Instruction-
Oxygen Equipment.

Aerospace Hose Assemblies

Identification of Pipe,

Hose, and Tube Lines for
Aircraft, Missile, and Space
Systems

In addition to the manuals and specifications
listed, there are many specific equipment manu-
als. The general category of equipment and basic
technical manual number are listed below as a
guide. Consult the appropriate index to find a
required specific technical manual within the fol-

lowing categories:

BASIC
TECHNICAL
MANUAL
GENERAL CATEGORY NUMBER
Aircraft Hoses 42E1
Calibration Procedures 33K
Decontamination Equipment 35EA, 35E17
Filtering 40W
Fuel 6J or 42B
Fuel and Oil Handling
Equipment 37A7Fuel

x Change 3

Transfer

Gas Storage and Servicing

General Purpose Test
Equipment

Hazards

Hydraulics

Hydraulic Systems Components

Hydro-Pneumatic Systems

Loading and Servicing
Equipment

Lubricants

Missile Ground Operational
Equipment

Missile Propellant Storage and
Handling Equipment

Missile Support Equipment

Oxygen

Pneumatics

Position and Pressure
Instruments

Publications
Installations
Interchangeability and Cross-

Reference Charts

Miscellaneous
Visual Inspection

Pumps

Quantity and Flow Measuring
Instruments

Real Property Installed Equip-
ment, Missile

Seals

Sensing Devices

Shop Support Equipment

Special Purpose Test Equip-
ment

Special Tools

Utility Operating Equipment

Vacuum

6A
42B

33A, 33AA
11HS

9H

35MAl
35M5

35D30
428

31P1

37C
35M
15X
9P2

5P
37A9
00-105

00-45
00-25
00-20
37A

5L

35R
42E2
15A5
34Y

33D, 33DA
32A
35E
9V-1
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CHAPTER |

GENERAL
SECTION |
GENERAL REQUIREMENTS

1-1. GENERAL.

1-2. Pressure systems contain gases or lig-
uid under pressure and, sometimes, extreme
temperatures. As programs progress, frequent
modifications or additions to the systems may
be required. With this type of operation, it is
essential to the safety personnel and proper op-
eration of equipment that the general require-
ments listed be complied with by all personnel.

1-3. OPERATING PRESSURES.

1-4.  The pressure range covered by this manual
is 0 to 15,000 psia. the upper limit is predicated
by the present technological knowledge and
limitations and can be expected to change in
the future. Pressures below atmospheric (vacuum
systems) are covered in Chapter 6. Pressure
system safety precautions apply to all pressures
in this range. The degree of hazard in pressure
systems is proportional to the amount of energy
stored, not the amount of pressure present.
Therefore, low-pressure, high-volume systems
can be as hazardous to personnel as high-pressure
systems.

Pressure systems shall be designated as follows;

0 to 500 psi

501 to 3,000 psi
3,001 to 10,000 psi
Above 10,000 psi

Low Pressure
Medium Pressure
High Pressure
Ultra High Pressure

Steam pressure designations shall be as specified
in ASME code and are not covered by this technical
order.

1-5. SELECTION OF MATERIALS.

1-6.  Only materials listed as compatible for
each specific service shall be selected. Con-
sider all operating conditions of the service fluid,
such as temperature and pressure prior to se-
lection. Materials compatible with a service fluid
at one temperature and pressure may not

be compatible at another temperature and pressure.
Materials selected shall be compatible with
each other as well as with the service fluid. When
operating temperatures vary greatly, care
shall be taken to select materials with compar-
able coefficients of thermal expansion. (Refer-
ence BSD Exhibit 62-135 Comparable
Materials.)

1-7. SYSTEM INSTALLATION.

1-8.  Installation of pressure systems shall be
performed with the highest order of workman-
ship in compliance with accepted practices per-
taining to proper fitting, alignment, bending,
supporting, and identification. Welders shall be
certified in accordance with procedures established
by TO 00-25-224. Welders working on pressure
piping shall not “strike an arc” on the piping.
Each indentation is a stress raiser, and an arc
striking plate, suitably grounded, should be used.

NOTE

All systems shall be marked in accor-
dance with MIL-STD-1247.

1-9. TESTING.

1-10. Since leaks can never be tolerated in
pressure systems, all new, repaired, or modi-
fied systems or portions of systems shall be
proof and leak tested prior to activation. Peri-
odic testing of pressure systems shall be in ac-
cordance with applicable system technical manuals.
In the absence of specific instructions in a par-
ticular system technical manual, procedures in
this manual shall apply.

1-11. INSPECTION AND MAINTENANCE.
1-12. Systems shall be checked for proper
workmanship by the immediate supervisor and/

or technical inspector during installation and
modification.

1-1
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NOTE

For heat treated material a coupon should
be taken from the same material batch
that the component is fabricated from,
and should be treated concurrently with
each pressure system component. The
laboratory test data showing ultimate
and vyield strengths, hardness, etc, should
accompany each item when feasible.
The data shall be made available to
the inspector prior to acceptance.

The technical inspector shall inspect and ap-
prove all final installations. The cognizant in-

1-2

spector shall permanently stamp his identifica-
tion symbol or number on or adjacent to the
component nameplate. Periodic checks shall
be made by the immediate operating supervi-
sor and/or technical inspector to ensure safe
and reliable operation of the systems. In the
event of a system failure, notify the cognizant
engineering personnel so that a system failure
analysis report can be prepared. If there is a
need for a component substitution, consult with
cognizant engineering personnel and obtain
approval prior to the selection of a substitute
part.
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CHAPTER 1
SECTION I
DESIGN CONSIDERATIONS

1-13. BASIC CONSIDERATIONS IN SYSTEM
DESIGN.

1-14. When a piping system is designed, a
number of factors must be considered to provide
a safe facility. Among these are reliability,
compatibility, and maintainability. The system
should be as simple, basic, and foolproof as
possible. This adds to the reliability and safety
of the system. No single malfunction or mis-
operation of any component should create a major
hazard or incident. Calculations for maximum
allowable pressure shall be used on ultimate
strength or yield strength as determined by cog-
nizant engineering and safety personnel. Welded
pipe or tubing should have a minimum of six
inches between runs or between pipe and structure,
when welded in place.

1-15. PRESSURE RANGES AND SUITABLE
EQUIPMENT ITEMS.

1-16. Pressure equipment is readily divided into
convenient pressure ranges. (See figures 1-1
through 1-3.) The division is based on the
availability of equipment items, the capability of
equipment to meet pressure requirements, and
the economy of maximum equipment coverage
with minimum overlap. The items of equipment
listed under each pressure range are intended
as a basis for the selection of equipment types.
They do not represent a complete listing of all
items suitable for a specific pressure range:
however, they will provide the minimum require-
ments for a safe workable system.

ITEM

TYPE AND METHOD OF CONNECTION

a. PIPE

Method of connection

ASA (American Standards Association) B31.1 (Refer to
paragraph 1-91.)

Standard ASA flange, thread, or weld.

TUBING

Method of connection

HOSE

VALVES, REGULATORS,
FILTERS, ETC.
Method of connection

FITTINGS

Method of connection

RECEIVERS - STORAGE
VESSELS

Method of connection

Standard commercial and Military Specification tubing. (Refer
to paragraph 1-112.)

Standard AN (Air Force-Navy, MS, and industriai flared or flare-
less type fittings of like material.

Standard commercial and Military Specification hose. (Refer to
paragraph 1-259.)

industrial and other type equipment with a minimum safety
factor of 4 (to burst nonshock condition).
Same asaandb.

PIPE - Standard ASA flange, thread, or weld.

(Refer to paragraph 1-145.)

TUBING - Standard AN, MS, and industrial type flared or flare-
less fitting of like material. (Refer to paragraph 1-169.)

Same as a and b.

State certified, ICC (Interstate Commerce Commission), or
ASME (American Society of Mechanical Engineers) code
vessels. (Refer to paragraph 1-186.)

Same asaandb.

Figure 1-1.

Pressure Range, 0 to 3,000 PSIG

1-3



Downloaded from http://www.everyspec.com

TO 00-25-223
ITEM TYPE AND METHOD OF CONNECTION
a. PIPE ASA B31.1 (Refer to paragraph 1-91.)
Method of connection Standard ASA flange, or thread weld.

b. TUBING Military Specification corrosion-resistant steel tubing.
(Refer to paragraph 1-112.)

Method of connection Precision MS, or flared fittings of corrosion-resistant steel.

c. HOSE Military Specification hose. {Referto paragraph 1-259.)

d. VALVES, REGULATORS, Industrial and other type equipment with a minimum safety

FILTERS, ETC. factor of 4 (to burst nonshock condition).
Method of connection Same asaandb.
e. FITTINGS PIPE - Standard ASA flange, thread, or weld.
(Refer to paragraph 1-145.)
TUBING - Standard AN, MS, precision flared fittings of cor-
rosion-resistant steel. (Refer to paragraph 1-169.)
Method of connection Same asaandb.
f. RECEIVERS - STORAGE Special equipment designed in accordance with recommended
VESSELS formula of the ASME unfired pressure vessel code with state
certification.
Method of connection Same asaandb.
Figure 1-2. Pressure Range, 3,001 to 6,000 PSIG.
ITEM TYPE AND METHOD OF CONNECTION

a. PIPE Standard piping is limited in this range. Every item should be

considered special and calculated for each application.

Method of connection Butt weld, thread (taper thread is limited to 10,000 psig), and
specially designed flanges and fittings (American Instrument
Company, Cardox, or equivalent).

b. TUBING Standard high-pressure stainless steel and chrome molybde-
num (American Instrument Company, Pressure Products In-
dustries, or approved equal).

Method of connection Standard high-pressure, union-type connector (American Instru-
ment Co., Pressure Products Industries, or approved equal).

C. HOSE Military Specification hose only after approval of cognizant
safety officer. High density polyethylene hose (Specification
MIL-H-27462) is the only hose authorized for use with pressure
above 6,000 psi.

d. VALVES, REGULATORS, Industrial or high-pressure type equipment with a minimum

FILTERS, ETC. safety factor of 4 (to burst nonshock condition).
Method of connection Same asaandb.
e. FITTINGS Same asaandb.
f. RECEIVERS - STORAGE Special equipment designed in accordance with recommended
VESSELS formula of the ASME unfired pressure vessel code with state
certification.

1-4

Figure 1-3. Pressure Range, 6,001 to 15,000 PSIG.
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1-17. SERVICE FLUID AND PRESSURE LIMI-
TATIONS.

1-18. A pressure system is defined as any system
above 0 psig. While it is convenient to list
equipment types into pressure ranges, it cannot
be construed that all service fluids may be used
to the limits of the pressure ranges established.
It is desirable, then to list the pressure limits
for various service fluids independent, of the
equipment pressure ranges. The listed service
pressure limits (paragraphs 1-19 through 1-23)
are based on the potential hazard involved with
the fluid or other inherent characteristics of the
fluid that limit the pressure ranges for the spe-
cific fluid.

Pressure systems shall be defined as follows:

0 to 500 psi

501 to 3,000 psi
3,001 to 10,000 psi
Above 10,000 psi

Low Pressure
Medium Pressure
High Pressure

Ultra High Pressure

1-19. PNEUMATICS (AIR, NITROGEN, OXY-
GEN, HELIUM, AND HYDROGEN).

1-20. Operational pneumatic systems are in the
pressure range of 0 to 10,000 psi; some labora-
tory systems exceed this pressure and it is ex-
pected that future operational systems will ex-
ceed this pressure.

1-21. HYDRAULIC FLUIDS.

1-22. Hydraulic fluids are limited to the pres-
sure range of 0 to 50,000 psig.

1-23. CRYOGENIC FLUIDS.

1-24. Cryogenic fluids are limited to the following
pressure ranges:

a. Liquid nitrogen .
b. Liquid oxygen . .
c. Liquid hydrogen .

. .0 to 10,000 psig.
. . 0 to 4,000 psig.
. 0 to 6,000 psig.

1-25. PHYSICAL ARRANGEMENT OF SYSTEMS
AND COMPONENTS.

1-26. RELATED SYSTEM COMPONENTS AND
CONTROLS.

TO 00-25-223

1-27. System components which are closely
related should be arranged to allow operation
and surveillance from a common point. As an
example, if a man is loading or pressurizing a
vessel, he should not have to leave the compo-
nent he is operating to observe the vessel level
or pressure. Another typical example is when a
man is operating a valve remotely by pushbut-
ton or switch, he should have positive indication
at the control station that the valve has moved
to the required position. This indication should
be by means of a light actuated by limit switches
mounted on the valve and not a light which only
indicates that he has energized the control circuit
to the valve.

1-28. LOCATION OF COMPONENTS.

1-29. The systems should be arranged in a
manner fo provide maximum operating safety
and ease of access to all components. Manu-
ally operated valves should be located to permit
operation from the side or above to prevent spillage
of service fluid on the operator due to a leak or
to failure of the valve seals. Any valves carry-
ing dangerous fluids should not be located overhead
in the area of an operating station. Safety valves
and burst diaphragms should be located so that
their operation would not cause injury to per-
sonnel standing close by or damage to the in-
stallation or equipment, or they shall be equipped
with deflection devices to protect personnel and
equipment. Vent lines for service fluid vapors
should be extended away from work areas to
prevent accidental ignition of vapors and/or in-
jury to personnel.

1-30. System components should be located
in such a manner as to provide for ease of
maintenance. This is particularly important for
remotely operated devices which do not require
access during normal operation and are there-
fore often located on top of vessels or similar
equipment. Access ladders and platforms should
be provided for components which cannot be
located in normal work areas. Accessibility should
also be provided to the interior of large storage
vessels; the position of manholes and the use
of internal ladders is an important factor in pro-
viding maximum safety.

1-5
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1-31. IDENTIFICATION OF PIPING AND

EQUIPMENT.

Failure to identify pressure system
components may cause accidental op-
eration of equipment beyond its design
capabilities and can result in failure
of equipment and injury to personnel.
All pressure systems shall be identified
and marked in accordance with MIL-
STD-1247.

NOTE

All entrances to work areas where there
are pressure systems with pressures
exceeding 500 psig shall be posted
with signs stating DANGER HAZARD-
OUS PRESSURE SYSTEM.

1-32. All pressure systems should have proper
identification (paragraph 1-597). This is particularly
important for equipment at locations remote from
the basic system, and for equipment which is
manually operated. In addition to color coding
and/or other identification markings showing the
system fluid and pressure, all equipment should
be provided with nameplates which list other
design features.

NOTE

The marking and identification of pressure
vessels, valves, and other components
shall be accomplished by some means
which will not cause “stress raisers”
(as would stamping) or otherwise reduce
the integrity of the system.

Pressure vessels, valves, and other components
should have nameplates giving the maximum
allowable working pressure and temperature range,
capacity, materials, contained media, item number
or other identification; pumps should have
nameplates giving head, capacity, and horse-
power ratings.

1-6

1-33. MATERIAL SELECTION AND COMPAT-

IBILITY.

The following precautions shall be
considered when selecting materials for
pressure systems because materials and
fluids specified may react explosively
or chemically, causing injury to personnel
and/or damage to equipment:

a. Fluorocarbon lubricants shall not be
used with aluminum metal, aluminum
powder, or stainless steel in contact
with hydrazine.

b. Gold, even in minute amounts shall
not be used in contact with hydrazine,
UDMH, ammonia, or ammonia-based
fuels. Where temperatures in excess
of 130°F may be encountered. El-
evated temperatures cause decom-
position of these fuels.

c. Molybdenum, in alloy; in excess of
0.05 percent shall not be used in
contact with hydrazine, UDMH, am-
monia, or ammonia-based fuels where
temperatures exceed the boiling point
of the systems fluid.

d. Fluorinated hydrocarbons, such as
Kel-F, shall not be used with alumi-
num in contact with gaseous oxy-
gen.

e. Titanium shall not be used in oxy-
gen systems where dead-end com-
pression (adiabatic compression)
conditions in excess of 750 psig per
second exist.

f.  Flurolube lubricants shall not be used
with aluminum or magnesium mate-
rials.
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~ METALS, O-RINGS, HOSE LINERS, GASKETS, AND PACKINGS
2| |8
w w O-RINGS ‘{r’
— -
= (%) b4 w
2 z | <| 9 z
SERVICE g (2 18815 22la
S 13 |218|3 2|23
z |2 |S|o| @ &|o|R |GASKETS | PACKINGS
NOTE
See code at end of this
table.
Pneumatic
Air S S S |S 1,23, |]4,10]1,2,3, ]4,8,9,10 4,10,11
4,10
Helium S S S 1,2,3 ]4,10]4,10 ]4,8,9,28,10 4,10,11
Hydrogen S 1,2,3 [4,10(1,2,3, [4,8,9.28,10 | 4,10,11
4,10
Nitrogen S S 1,2,3 |4,1014,10 }4,8,9,28,19 4,10,11
Oxygen S S L None }4,10(4,10 14,8,9,10 4,10,11
Hydraulic S
Hydraulic Fluid S S L S |S |1 4,1011,3,4, |4,7,8,10 4,10,11
10
Lubricating Qil S S S S|S |15 4,1011,3,4, |14,8,9,10 4,10,11
10
Water S S S S|S |]12.3 |4,10{1,2,3, |4,7,9,10 4,10,11
4,10
Cryogenic S
Fluorine (Liquid) S S u L | L |None {Non¢gNone |21,22,23 4
Hydrogen (Liquid) S S u S | S [None 4,10 [None (4,7,9,10 4,10,11
Nitrogen (Liquid) S S U S | S [None }4,10 [None 14,7,9,10 4,10,11
Oxygen (Liquid) S S u S | S |None (4,10(4,10 [4,7,9,10 4,10,11
Other Fluids
Oxidizers
Chlorine Trifluoride S L U L {L [None |Nong4,10 |21,22,23 4,10
Fluorine (Gas) L S | S [None |[Nong4,10 |[21,22,23 4,10
Hydrogen Peroxide U S U Uil j24 4101410 (4,710 4,10

Figure 1-4. Suitable Materials (Sheet 1 of 4)
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METALS, O-RINGS, HOSE LINERS, GASKETS, AND PACKINGS
m @l o-RiNGS| @
(- —d
= n z w
= Zz | <| © Z
- wd
SERVICE (s |12 |65 22w
é ) o | © d < | ©
213 < {0 o > = 1O
Z|< o |o — a w | T GASKETS PACKINGS
Oxidizers {Cont)
* Nitric Acid (Fuming) U L ] U|S |24 4,1014,10 1(4,7,10 4,10
Nitrogen Tetroxide L L L UuisS |6 4,10 (4,10 |4,7,10 4,10
Fuels
Ammonia L L L uls (1,2,3 [4,10}1,2,3, |14,8,10 4,10,11
5 4,10
Gasoline S S S S |S |1 4,1012,3,4, 14,8,9,10 4,10,11
10
Hydrazine, UDMH U S U ulL |2 1,4, 14,10 [4,7,10 4,10
Hydyne 10
Kerosene, JP-4, JP-5, S S S Uuijs [1,5 4,10 |1,3,4, |4,8,9,10 410,11
and RP-1 10
Methyl and Ethyl S S L S|{S |1,2 410/1,2,4, |14,7,10 4,10
Alcohol 10
Pentaborane S S S S |S |524 |4,10{None |4,7,8,10 4,10,11
Others
Acetone S S S 2,3 4,1012,4,1014,7,8,10 4,10
Ethylene Oxide 3 4,10(4,10 (4,10 4,10
Trichloroethylene S S S S|S |24 4,1014,10 [4,8,9,10 4,10
* Ratings based on 100°F
Nitric Acid Solution U u U UJS |24 4,1011,4,10(4,7,10 4,10
Hydrochloric Acid ] ] U Uuju j24 4,1012,4,10 |4,7,10 4,10
Sulphuric Acid U U U S |S (24 4,10(4,10 14,7,10 4,10
Triethyl Aluminum S U U S |S |24 4,1014,10 |4,7,10 4,10
Triethylamine S S S Uuils |2 4,1014,10 |4,7,10 4,10
Alkylboranes S S S uils |4 4,10 4,10

1-8

Figure 1-4. Suitable Materials (Sheet 2 of 4)
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LUBRICANTS AND SEALS
LUBRICANTS L UBRICANTS, SEALS, AND ANTISEIZE
O-RINGS AND STRAIGHT THREADS
SERVICE GASKETS (STATIC) | SLIDING TAPERED
AND DYNAMIC) SURFACES| STATIC DYNAMIC |THREADS
NOTE
See code at end of this table.
Pneumatic
Air 12,13,14 12,13,14 17,29 19,29 20,29
Helium 12,13,14 12,13,14 17,26 10 20
Hydrogen 12,13,14 12,13,14 17 19 20
Nitrogen 12,13,14 12,13,14 17,26 19 20
Oxygen 14 14 17,26 18,19 20
Hydraulic
Hydraulic Fluid 15 15 15 15 20
Lubricating Qil 13 13 17 19 20
Water 13,16 13,16 17 16 20
Cryogenic
Fluorine (Liquid) None None 20 None None
Hydrogen (Liquid) 17 static 18 14,17 18 20
Nitrogen (Liquid) 17 static 18 14,17,26] 18,19 20
Oxygen (Liquid) 17 static 18 14,17,26| 18,19 20
Other Fluids
Oxidizers
Chlorine Trifluoride None None 20 None 27
Fluorine (Gas) None None 20 None None
Hydrogen Peroxide 25 25 17,25,26| 25 20
Nitric Acid (Fuming) 14 18,25 17 19 20
Nitrogen Tetroxide 14 18 17 19 20
Fuels
Ammonia 25 14 17 19 20
Gasoline 13 13 17 19 20
Hydrazine, UDMH, 13,25 13,25 17 25 20
Hydyne

Figure 1-4. Suitable Materials (Sheet 3 of 4)
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LUBRICANTS AND SEALS
LUBRICANTS LUBRICANTS, SEALS, AND ANTISEIZE
O-RINGS AND STRAIGHT THREADS
SERVICE GASKETS (STATIC) | SLIDING TAPERED
AND DYNAMIC) SURFACES| STATIC DYNAMIC [THREADS
Fuels (Cont). .
Kerosene, JP-4, JP-5, 13 13 17 19 20
and RP-1
Methyl and Ethyl Alcohol 13 13 17 19 20
Pentaborane 14 14 14 19 20
Others
Acetone None 18 17 18 20
Ethylene Oxide 14 14 19 19 20
Trichloroethylene None 18 17 18 20
Nitric Acid Solution 14 14 17 19 20
Hydrochloric Acid 14 14 17 19 20
Sulphuric Acid 14 14 17 19 20
Triethyl Aluminum 14 14 17 14 20
Triethylamine 13 13 17 19 20
CODE
S - Satisfactory L - Limited U - Unsatisfactory
1 - Buna-N 17 - See Applicable Aircraft/Systems TO
2 - Butyl rubber (SR613-75) 18 - Molykote type Z powder
3 - Neoprene 19 - Fluorolube grease {GR 362)
4 - Teflon 20 - Teflon tape, Specification MIL-T-27730
5 - Viton-A (SR270-70) 214 - Aluminum 2S
6 - Fluro silicone (TH 1081) 22 - Soft copper
; S:\:f(;:llicwithteﬂonfiller 23 - Stainless steel
9 - Flexitallic with teflon or asbestos filler o = WillensaSEale i) €
10 - KelF 25 - DC-111
11 - Asbestos 26 - Hoke slic seal
12 - MIL-G-4343 27 - Permatex No.2
13 - DC-55M 28 - High-density polyethylene, (Specification
14 - Fluorolube (LG-160) MIL-H-26666 and MIL-H-27462)
15 - Specification MIL-H-5606 & - o Lubaealng, Speetication
16 -_Specification MIL-G-23827

Figure 1-4. Suitable Materials (Sheet 4 of 4)
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Do not use carbon steel in hydraulic
systems used to test components of

aircraft, missile or other critical hydraulic
systems.

1-34. One of the major problems in designing
pressure systems is the selection of materials
to be used. This applies to the basic metals
used for tankage, piping, and other major com-
ponents, and nonmetallic items such as gaskets,
seals, packing, and lubricants. The ASA code
for pressure piping states “materials that will
become a permanent part of any piping system
shall be suitable and safe for the conditions un-
der which they are used.” In addition to with-
standing the pressure loading, materials must
also exhibit resistance to deteriorating influences,
such as oxidation, corrosion, abrasion, shock,
sudden temperature change, and high tempera-
ture differentials. A material to be compatible
must not form an explosive mixture with the service
fluid. Materials selected must be compatible
with each other as well as with the service fluid.
When operating temperatures vary greatly, care
should be taken to select materials with compa-
rable coefficients of thermal expansion. Figure
1-4 lists materials which are suitable for various
services. The metals are listed in groups which
are generally suitable. It cannot, however, be
assumed that every type of metal in each group
can be used with the listed fluid.

NOTE

All metal in gaskets and seals must
be compatible with system fluid. Com-
patible metallic seals are authorized
for use in applications where the oper-
ating temperature exceeds or is below
the safe operating temperature of
elastomer “O” rings. The use of me-
tallic seals must be approved by the
design engineer or the cognizant safety
officer before installation.

1-35. PNEUMATIC SYSTEMS.

1-36. Materials suitable for pneumatic systems
are those that contribute negligible contamination
to the service fluid, will not react chemically with

TO 00-25-223

the service fluid and will withstand the maxi-
mum surge pressures of the system. Since gaseous
oxygen vigorously supports combustion, addi-
tional consideration must be given to materials
selected for this service. Stainless steel is pre-
ferred for gaseous oxygen service. However,
when it is necessary to use carbon steel, it is
recommended that its usage be restricted to service
conditions as follows:

a. 1,000 psig maximum pressure at
ambient temperature.

b. Maximum velocity of 150 feet per
second.

NOTE

Conditions in this paragraph do not apply
to ICC-type storage cylinders.

1-37. HYDRAULIC SYSTEMS.

1-38. Materials suitable for hydraulic systems
are those that contribute negligible contamination
to the service fluid and withstand maximum surge
pressures of the system. The category of hydraulic
systems is broad and includes many kinds of
fluids at wide ranges of temperature and pressure.
When selecting material for hydraulic service,
make certain that it is compatible with the service
fluid at the required operating pressures and
temperatures.

1-39. CRYOGENIC SYSTEMS.

WARNING

Cryogenic or other high pressure sam-
pling ports shall be protected by irra-
diated polyethylene bags, polyethylene,
teflon or other suitable plastic caps
designed to blow off or release pressure
at approximately 10 psig. Metal caps
shall not be used.

1-40. Materials suitable for cryogenic service
are those that retain their ductility or do not
become brittle at the extreme low temperature.
Metals with a minimum impact resistance of 15
foot-pounds Charpy keyhole notch or 18 foot-
pounds Izod V notch are generally suitable for

1-11
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cryogenic service. Nonmetals must retain some
degree of flexibility and exhibit toughness to be
suitable for cryogenic service.

1-41. The materials listed under other fluids in
figure 1-4 are those propellants and cleaning
agents used in missile installations. The metal
selection is general, and each fluid should be
further investigated to determine limitations within
each group.

1-42.  When possible, the same materials should
be used for all systems to prevent the accidental
misuse of incompatible materials within a system.
This is particularly important in the nonmetallic
materials used for maintenance of components,
many of which are similar in appearance and
easily misused. Another problem with some
nonmetallic materials is the characteristic of ab-
sorbing the service fluid. This makes it impossible
to decontaminate a component without first re-
moving the nonmetallic internal parts, and adds
the hazard of handling the components.

1-43. The leakage of the service fluid and the
resulting effect on adjacent equipment must also
be considered. In the case of highly corrosive
fluids, electrical equipment, ductwork, and other
equipment located in the same room or area
must be constructed of corrosion-resistant ma-
terials or be coated with special coatings to protect
them against the corrosive atmosphere. In the
case of cryogenic fluids, care must be taken to
prevent a major spill from causing the failure of
structural members, due to the low-temperature
brittleness.

1-44. When fluid lines are buried underground,
they must be protected form the corrosiveness
of the soil (anodic protection). Failure of under-
ground lines is not only dangerous to the system
facility, but can also result in the contamina-
tion of ground water used for potable purposes.

1-45. MISCELLANEOUS SYSTEM DESIGN
PROBLEM AREAS.

1-46. SHOCK
1-47. Shock waves can be created within a
system due to sudden changes in flow of the

service fluid. This quite commonly is due to
rapid closure of valves, and is known as “water

1-12

hammer.” If velocities are high and/or the length
of the line is great, high overpressures will oc-
cur which can cause rupture of the line or fail-
ure of components. The system should be de-
signed to minimize the possibilities of these shock
pressures. If the cause of shock pressures cannot
be eliminated, protective devices such as surge
suppressors should be added to the system to
bring their amplitudes within the pressure limits
of the system piping and components. Interlocks
of controls and devices which control valve clo-
sure times should not be the only protection
against a major incident, since these devices
may be removed from the system at a future
time without full knowledge of the effect cre-
ated by their removal.

WARNING

Ensure that adequate pipe supports are
installed adjacent to shear points. Split
block, interlocking hanger clamps similar
to those manufactured by VG Interlocking
Tube Clamp Company, Marysville,
California, or Girard Development Co.,
Inc. Rancho Cordova, California, are
recommended for this application. Failure
to ensure adequate pipe supports at
shear points can cause damage to
equipment and injury to personnel in
the event of violent earth tremors or
shock waves caused by over pressure
due to blast outside a hardened facility.

1-48. Shock waves can also be created in pressure
systems by overpressure due to blast outside a
hardened facility. The protective measures taken
for this type of shock depend on several fac-
tors, and consideration must be given to the
safety of personnel, the facility structure, and
other systems in the same area. If the system
must be functional after the blast, components
must be mounted on shock isolation structures
and piping must be protected and secured to
prevent rupture. If the system need not be op-
erable after the blast, it must still be secured to
prevent fragmentation and/or leakage which may
cause the malfunction of an adjacent system.

1-49. EXPANSION AND CONTRACTION

1-50. Provision must be made in the design of
pressure systems for expansion and/or contrac-
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tion of the piping and equipment as well as the
fluids themselves. Cryogenic systems require a
great deal of flexibility because of the extreme
temperature changes to which they are subjected
by the fluids. In addition, provision must be made
for the expansion of these fluids. Expansion of
fluids can also be a problem in noncryogenic sys-
tems which are subjected to extreme ambient tem-
perature changes. As a general rule, relief devices
should be provided in all sections of the system
which can be isolated. Pressure system piping
installed in areas which have extreme temperature
change must be checked for adequate flexibility.
When expansion joints are used to allow for expan-
sion or contraction of piping systems, care must be
taken in the selection and application of the joints.
If the wrong application is used, excessive stresses
may be imposed on the system components due to
forces resulting from operating pressures and/or
spring forces required to compress or expand the
bellows.

1-51. TRANSFER PUMPS.

1-52.  The suction conditions provided for transfer
pumps can be a major problem in cryogenic sys-
tems as well as noncryogenic systems which are
handling fluids with high vapor pressures. If the
net positive suction head (npsh) available is less
than that required by the pump, cavitation will
occur. This results in a vapor blocking of the
pump which, in the case of combustible fluids,
eliminates the cooling effect of the fluid and can
cause an explosion if not detected in time. The
necessary suction conditions can be provided by
three basic means:

a. Pressurization of the tank which is feeding
the pump.

b. Provision of sufficient static head by ele-
vating the tank above the pump.

c. Proper sizing of the suction line.

1-53.  GROUNDING, SHIELDING AND
BONDING.

1-54.  All pressure systems shall be properly
shielded, bonded and grounded to prevent static
electricity and random electrical interference from
causing a malfunction in the weapon system elec-
tronic circuits or an explosion or fire in a combus-
tible fluid system. (Research in the field of ran-
dom electrical interference is in progress and
additional data will be supplied when it becomes
available.) All shielding, bonding, and grounding
shall be in accordance with AFOSH STD 127-66,
and 1-1A-15 or be approved by the systems project
officer.

1-55. RELIABILITY.

T.0. 00-25-223

1-56. Reliability has always been a major prob-
lem in pressure systems because of the nature of
the materials being handled and the stringent
operational requirements imposed on many of the
components. Reliability in many cases does not
mean that an item must function properly over
and over again, but that it must work the one and
only time its ultimate function is required.

1-57. The testing of one component, or a group of
components, is not sufficient to assure system reli-
ability. Quality control of all components must be
maintained during manufacture. Preventive main-
tenance is another major step towards increased
reliability. Scheduled maintenance of system com-
ponents has proven effective towards increasing
the reliability of pressure systems.

1-58. SYSTEM CLEANLINESS.

1-59. System cleanliness is a major problem in
pressure systems. A system which has not been
cleaned properly, and has not been maintained in
a clean condition, can create many types of
hazards. Fluids in a pressure system must pass
through many small passages which can be easily
restricted or completely closed by small particles of
foreign material. Systems are usually cleaned
component by component because of the many
problems which are encountered in cleaning the
great variety of components in a pressure system.
Extreme care must be exercised to maintain sys-
tem cleanliness during the assembly, installation,
and testing of these systems. After installation,
the systems should be maintained under a positive
pressure at all times to minimize the possibility of
the entrance of foreign material into the system.
Refer to paragraph 1-496 for cleaning procedures.

1-60. The selection of system components can
also have an effect on the cleanliness of a system.
Care must be taken to prevent the use of compo-
nents which may add contamination to the system.
Filter media and valve seat material migration
have caused many problems.

1-61. TESTING OF SYSTEMS.

WARNING

Do not adjust fittings under pressure.

1-62.  All pressure systems must be tested prior
to operation (Chapter 1, section VI). Basically,
these tests are conducted to prove the structural
integrity and to eliminate any points of leakage
which may exist. Cryogenic systems must also be
tested for the flexibility required by their very low
operating temperatures. The media used for this

Change 3 1-13
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testing should be selected to prevent contamina-
tion of the system and at the same time minimize
testing hazards.

1-63. ASSOCIATED SYSTEMS.
1-64. FIRE PROTECTION.

1-65. Fire protection systems are required for the
safe handling of combustible service fluids. These
systems should be of the deluge type, located in
areas where the possibility of fluid leakage exists.

1-66. Fire protection systems located outside are
normally actuated manually from a remote control
panel. Systems within the confines of a building
or structure are activated by one or more of sev-
eral control devices such as fusible link sprinkler
heads, temperature rate-of-rise detector, vapor
detector, and manual remote control. The control
circuitry for deluge systems must provide for a
fail-safe system. This means that in case of power
failure the system should remain operable. Provi-
sion must be made to permit manual shutting off
of automatic systems, in order to prevent unneces-
sary damage by water after fire has been
controlled.

1-67. The main function of a fire protection sys-
tem is to remove the heat and to cool adjacent
areas to prevent spread of the fire. Deluge system
nozzles should be located in a manner to provide
the maximum protection of all items, with concen-
tration on the portions of the system which are
most apt, by their failure, to cause a fire. To mini-
mize the possibility of damaging or destroying the
fire protection system during a fire or in the event

1-14 Change 3

of an explosion, the distribution piping for the fire
protection system should not be located directly
above the items being protected. Control valves
should be located as near the nozzles they control
as possible, to provide water to the nozzles as
quickly as possible. They should not, however, be
placed in a position where they must be considered
when designing a fire protection system in areas
where freezing may occur; this is particularly
important with small control lines, which freeze
easily.

1-68. EMERGENCY SHOWERS AND EYE
WASH FOUNTAINS.

1-69. Emergency showers and eye wash foun-
tains should be provided near all points where
hoses are connected and disconnected. They
should also be provided in areas which have items
of equipment containing hazardous materials.
Emergency showers and eye wash fountains
should be placed against a wall and near exits or
other locations which are familiar to the personnel
working in the area. The piping in the area
should be laid out to eliminate all obstructions and
leave a clear path to the emergency units. Where
units are exposed to freezing temperatures, frost-
proof types should be used.

1-70. PROTECTIVE CLOTHING AND
EQUIPMENT.

1-71. Necessary protective clothing and equip-
ment and testing devices must be provided for
operating, testing, and maintenance personnel.



Downloaded from http://www.everyspec.com

TO 00-25-223

CHAPTER 1

SECTION 1l

COMPONENT SELECTION

1-72. GENERAL INFORMATION.
1-73. TUBING.

1-74. Tubing can be divided into two general
groups depending upon whether it is made with
or without seams. It can be further divided into
pipe, mechanical tubing, and pressure tubing.

1-75. Pipe is tubing made to a certain standard.
Pipe has fixed wall thickness as designated at
the mill and by engineers as schedule numbers
and referred to by tradesmen as standard, extra-
heavy (extra-strong), and double extra-heavy.
The nominal pipe sizes, weights per foot, and
sizes of couplings for the various schedules can
be found by reference to the catalogs of tube
and fitting manufacturers.

1-76. Mechanical tubing is designed and manu-
factured with mechanical uses in mind. Tolerances
are closer than for other common classes of
tubing. These closer limits save much time when
the tube is to be machined and make chucking
in modern automatic screw machines economi-
cally feasible. Mechanical tubing is available
in a wide range of sizes. Before World War I,
some mills listed between 1,500 and 2,000 sizes.
This number has been reduced to 528. Many
grades of mechanical tubing are partially annealed
after cold-drawing. The result is a tube with
sufficient hardness to be machined without tearing.

Do not use mechanical tubing in pres-
sure piping systems; use pressure tubing.

1-77. Pressure tubing differs from mechanical
tubing in several respects. First, being prima-
rily intended for pressure uses, it is pressure
tested. Second, the dimensional tolerances are
less restrictive, and third, most pressure tubes
are fully annealed, since many applications involve
working of the tube. Heat exchanger tubes, for
example, are rolled, while boiler tubes are bent
at sharp angles.

1-78. Pipe is the cheapest form of tubing suit-
able for carrying fluids. It is available either in
the welded or seamless type. Four generally
used processes are employed for making welded
pipe: lap welding, gas welding, electric resis-
tance welding, and continuous butt welding.

1-79. While the basic methods of manufactur-
ing tubing are similar to those used for making
pipe, tubing is made to closer tolerances and,
therefore, requires further finishing. Two pro-
cesses are used in most mills today to obtain
these tolerances: hot-rolling and cold-drawing,
or, as they are sometimes called, hot and cold-
finishing.

1-80. Hot-rolling describes the piercing opera-
tion by which solid billets are made into tube
rounds and also the further sizing operations
performed while the tube round retains its origi-
nal heat or is reheated for subsequent hot-working.
All seamless tubing is hot-rolled; some is fur-
ther finished by cold-drawing to meet closer tol-
erances. Cold-drawing of some stainless steels
at cryogenic temperatures can increase the tensile
strength by approximately 140 percent.

1-81. Tubing is available in a great variety of
materials and their alloys. Some of the most
commonly used tubing materials are copper, brass,
aluminum, nickel, carbon steel, and stainless
steel.

1-82. Pressure tubing falls into two major clas-
sifications:  average wall and minimum wall.
Average-wall pressure tubes are made with a
wall thickness which may vary from the nominal
diameter by plus or minus 10 percent if cold-
finished, and by plus or minus 12-1/2 percent if
hot-finished. Minimum wall tubing in made with
a wall thickness that may not be less than that
specified but may be heavier by 22 to 40 per-
cent, depending on the type of tubing. In pres-
sure-tube applications, the main requirement is
strength, whereas dimensional accuracy is most
important in mechanical tubes.

1-15
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1-83. Stainless steel tubing can be either of
the mechanical or pressure type and is available
in a great variety of alloys. As a result, the
metallurgy of stainless steels may be very con-
fusing. However, as a general rule, these steels
can be divided into three groups: The steels in
Group A include AISI (American Iron and Steel
Institute) numbers 403, 410, 416, and 420: those
in Group B, AISI numbers 406, 430, and 442:
and those in Group C, AISI numbers 302, 303,
304, 316, 321, and 347. There are special
variations of Group C designated as the CX steels.
This group had a wide-spread utilization during
the war for high-temperature exhaust applica-
tions on planes. The CX steels are obtained by
the addition of columbium or titanium to low carbon

steel 304.

Pressure tubing shall be used for
pressure systems. Mechanical tubing
shall never be used in pressure systems.

1-84. Groups A and B can best be distinguished
as being magnetic stainless steels, whole Group
C steels are nonmagnetic because of their aus-
tenitic structure. Another way of differentiating
between the groups is by their response to heat
treatment.

1-85. Group A steels respond to hardening and
tempering in the same way as ordinary carbon
steels. Group B and C steels do not respond to
heat treatment.

1-86. Still another distinguishing property of the
different groups is toughness. Unless hardened,
Group A stainless steels are not brittle. Group
B steels have a lower impact resistance in notched
sections and those steels in Group C are ex-
tremely tough. Group A steels can be cold-
drawn. The same is generally true of Group B
steels. The steels in Group C will work-harden.
Although they are as versatile as the steels in
Groups A and B, if machining or forming is se-
vere, it may be necessary to anneal them between
operations. All these steels are corrosion-re-
sistant, the degree depending on the applica-
tion. The best for extreme conditions is Group
C steels.

1-87. SAFETY FACTORS.

1-16

1-88. The factor of safety of pipe, tubing and
fittings is the ratio of the ultimate strength of
the material to the allowable stress. The term
was originated for determining the allowable stress.
The ultimate strength of a given material divided
by an arbitrary factor of safety with allowances
for the material and its usage, gives the allow-
able stress. In present design practice, it is
customary to use allowable stress as specified
by recognized authorities or building codes rather
than this arbitrary factor of safety. It should be
clearly understood that, even though each part
of a system is designed with the same factor of
safety, the system as a whole does not have
that factor of safety. When one part is stressed
beyond the proportional limit, or particularly the
yield point, the load or stress distribution may
be completely changed throughout the entire system
or structure, and its ability to function may be
changed though no part has ruptured.

1-89. The responsible engineer must determine
the design safety factor upon consideration of
whether personnel are exposed to injury and
whether equipment is protected from explosion.
In any case a minimum safety factor of 4 is
necessary (unless otherwise specified in the codes
or by cognizant engineering and safety personnel)
when personnel are exposed. Yield strength,
rather than ultimate strength, may be used to
determine maximum allowable working pressure
when authorized by cognizant engineering per-
sonnel. If yield strength exceeds 85 percent of
ultimate strength, use ultimate strength. When
yield strength is used, cognizant engineering and
safety personnel shall determine the safety fac-
tor. The engineer bases his determination of
safety on the following conditions:

a. Safety factor 4 - Mechanical shock
not excessive.

b. Safety factor 6 - Considerable shock
and mechanical strain.

c. Safety factor 8 - Hazardous application
with severe service.

1-90. In airborne equipment where it is rarely
possible to obtain a safety factor of 4, special
precautions shall be observed in the vicinity of
pressurized systems. This may be accomplished
by providing protective barricades or keeping
personnel at a specified safe distance.
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1-91. PIPE.
1-92. PIPE DATA.
1-93. Pipe is specified by its nominal inside

diameter (ID) through 12 inches and smaller.
Nominal size refers to the approximate inside
diameter of a schedule 40 (standard weight) pipe.
The outside diameter (01) of any pipe size is
the same for all weights in that size. That is,
one-inch pipe would have a nominal (approxi-
mate) inside diameter of one-inch in schedule
40 only. Lighter and heavier weights of one-
inch pipe of any wall thickness will fit the same
one-inch pipe dies and fittings. Pipe 14 inches
and larger is specified by the actual outside di-
ameter.

1-94. Pipe thickness schedules have superseded
the old designations of standard, extra-strong,
and double extra-strong. (See figure 1-5.) In
pipe 10 inches and smaller, standard weight is
identical with schedule 40. In pipe eight inches
and smaller, extra-strong is identical with schedule
80; schedule 160 is a little lighter than double
extra-strong pipe. These new standards provide
for thin-walled pipe, furnish intermediate weights
for economy reasons, and provide standard di-
mensions for pipe sizes above 12 inches. These
schedule numbers are an approximation of the
following:

i
Schedule = 1,000 x S
where:

P = service pressure, psig.
S = allowable fiber stress at

psi.
1-95. PRESSURE RATING OF PIPING.

100°F (38°C),

1-96. There are several formulas used throughout
industry to determine the maximum allowable
working pressure of piping, and of these, the
Lame’ formula gives the most desirable results.
Therefore, the Lame’ formula has been included
in this manual to aid personnel in determining
the maximum allowable working pressures for
piping. This formula is as follows:

S (D? - d?)
D+

P

TO 00-25-223

where:

P

maximum allowable working pressure,
psig.

maximum allowable stress in material
due to internal pressure, psi.

= minimum outside diameter, inches.

= maximum inside diameter, inches.

S
D
d

The maximum allowable stress in material, S,
is determined by:

S
S=%
where: 2
s = ultimate strength or yield strength of the
material as applicable, psi.
F = safety factor (paragraph 1-89).

NOTE

If yield strength (figure 1-6) exceeds
85 percent of ultimate strength, use
ultimate strength.

The minimum outside diameter, D, is determined
by:

D=Dn-2C
where:

Dn = nominal outside diameter, inches.

C = depth of thread, groove, or other inten-
tional reduction of outside diameter,
inches.

The maximum inside diameter, d, is determined
by one of the following:

d = Dn - 1.75 t (standard pipe schedule)

d =Dn - 1.90 t (red brass and copper pipe
under 6 inches)

d = Dn - 1.87 t (red brass and copper pipe 6
to 8 inches)

d =Dn - 1.84 t (red brass and copper pipe
over 8 inches)

where:

Dn = nominal outside diameter, inches.
t = nominal wall thickness, inches.

1-97.  Maximum allowable working pressures may
be calculated from the above formulas using values

1-17
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TO 00-25-223
SCHEDULE SCHEDULE SCHEDULE SCHEDULE SCHEDULE SCHEDULE

5 10 40 80 160 XX
NOM-
INAL | OUTSIDE| WALL WALL WALL WALL WALL WALL
PIPE | DIAM- THICK- THICK- THICK- THICK- THICK- THICK-
SIZE | ETER NESS |WEIGHT|NESS |[WEIGHT|NESS |WEIGHT|{NESS |WEIGHT|NESS JWEIGHT] NESS | WEIGHT
1/8 0.405 —— --- |0.049 0.186 | 0.068 0.24 }0.095 0.31 22 = # Hm ---
1/4 0.540 --- --- |0.065 [0.330 | 0.088 0.42 10.119 0.54 --- --- --- ---
3/8 0.675 --- --- 1{0.065 |0.423 | 0.091 0.57 |0.126 0.74 = == = = s ---
1/2 0.840 0.065 0.083 ]0.671 | 0.109 0.85 |0.147 1.09 | 0.187 1.30 0.294 1.71
3/4 1.050 0.065 |0.683 10.083 |0.857 |0.113 1.13 {0.154 1.47 | 0.218 1.94 0.308 2.44
1 1.315 0.065 |0.867 {0.109 |1.404 | 0.133 1.68 10.179 2.17 | 0.250 2.84 0.358 3.66
1-1/4 | 1.660 0.065 [1.108 |0.108 |1.805 | 0.140 2.27 }0.191 3.00 { 0.250 3.76 0.382 5.21
1-1/2 | 1.800 0.065 }1.275 0.109 2.085 | 0.145 2.72 }0.200 3.63 | 0.281 4.86 0.400 6.41
2 2.375 0.065 |1.605 ]0.109 |2.638 | 0.145 3.65 {0.218 5.02 | 0.343 7.44 0.436 9.03
3 3.500 0.083 | 3.03 0.120 433 }0.216 7.58 |0.300 10.25 | 0.438 14.32 0.600 18.58
4 4.500 0.083 | 3.91 0.120 5.61 0.237 { 10.79 {0.337 1498 | 0.531 22.51 0.674| 27.54
5 5.563 0.109 | 6.38 0.134 7.77 | 0.258 14.62 |0.375 20.78 | 0.625 | 32.96 0.750| 38.55
6 6.625 0.109 | 7.58 ]0.134 9.29 | 0.280 | 18.97 ]0.432 28.57 | 0.718 | 45.30 0.864| 53.16
8 8.625 0.109 | 9.91 0.148 13.40 | 0.322 | 28.55 |0.500 43.39 | 0.906 | 74.69 0.875| 72.40
10 10.750 0.134 | 15.2 0.165 18.70 | 0.365 | 40.48 {0.593 64.33 1.125 11565 i .-
12 {12.750 0.165 | 22.2 ]0.180 [24.20 | 0.406 | 53.83 |0.687 88.561 | 1.312 |160.27 --- ---
14 114.000 --- --- 10.250 }36.70 | 0.438 | 63.37 |0.750 |106.13 | 1.406 {189.12 --- s
18 18.000 --- --- 10.250 47.40 | 0.562 § 104.75 |0.937 {170.75 1.781 }308.51 = = -
24 P4.000 --- --- ]0.250 }63.40 | 0.687 | 171.17 }[1.218 |296.36 | 2.343 |541.94 --- ===

Listed schedules are not available in all materials.

Wall thickness - Nominal or average wall thickness in inches.

Weight - Weight in pounds per linear foot for steel pipe with plain ends. (Weights calculated on basis of

1 cuin. of steel - 0.2833 Ib.)

(Per ASA B36.10 1950.)

(Applies also to black and galvanized iron, stainless steel, and aluminum pipe.)

Figure 1-5. Dimensions of Welded and Seamless Steel Pipe
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in figure 1-5, for outside diameter and wall thickness
and figure 1-6 for material strength; however,
the major part of the computations has been
performed for threaded and unthreaded pipe of
standard schedule sizes, and is presented in
figure 1-7.

NOTE

Since wall thickness for red brass and
copper pipe differ from the standard
pipe schedule, do not use the function
K, in figure 1-7 when computing maxi-
mum allowable working pressures for
red brass and copper pipe.

1-98. Figure 1-7 lists the pipe size function for
each schedule and size of threaded and unthreaded
pipe. This function, K, is given by the formula:

D?-d?
K:
D?+d?2

where D and d are the same as in paragraph
1-96. Thus, the maximum allowable pressure,
P, is determined by:

skK

P=F

where s and F are the same as in paragraph 1-
96, and K is given for each pipe size in figure
1-7.

TO 00-25-223

1-99. The allowable pressure nomograph (fig-
ure 1-8) may be used to determine the maximum
allowable working pressure for any piping. First
determine the minimum outside diameter, D, the
maximum inside diameter, d, and the allowable
stress, S, as described in paragraph 1-96. Draw
a straight line from the value of D on the OUT-
SIDE DIAMETER scale to the value of d on the
INSIDE DIAMETER scale. This line will cross
the pivot line. Draw a straight line from the
point at which the line crosses the pivot line to
the value of S on the ALLOWABLE STRESS
scale. This line will cross the MAXIMUM WORKING
PRESSURE scale at the desired value of maxi-
mum working pressure. For pipes larger than
1.4-inch diameter, multiply the values on both
the OUTSIDE DIAMETER and INSIDE DIAMETER
scales by 2,5,10, or any appropriate number.
For pressures greater or smaller than indicated
on the ALLOWABLE STRESS and MAXIMUM
WORKING PRESSURES scales, multiply the values
on both scales by 1/2,1/10, 2, 5, 10, or any
appropriate number.

1-100. AUSTENITIC STAINLESS STEELS. These
stainless steels, identified by their resistance
to corrosion, their capacity to withstand high
temperatures, and their ability to retain ductility
at low temperature, afford some of the best high-
strength materials for piping installations. The
reduction of ability to resist corrosion which oc-
curs in these steels during welding is offset by
the addition of stabilizing elements, titanium and

ULTIMATE YIELD PERCENT MAXIMUM
STRENGTH |STRENGTH |[YIELD OF ALLOWABLE
MATERIAL (psi) (psi) ULTIMATE STRESS (psi)
Stainless steel, ASTM A-312, seamless 75,000 30,000 40 18,750
grade TP304, 321, and 347.
Carbon steel, ASTM A-53, A-135, and
A-139:
Grade A 48,000 30,000 62.5 12,000
Grade B 60,000 35,000 58.5 15,000
Aluminum alloys:
5454.0 or H112 temper 31,000 12,000 38.5 7,750
5456. 0 or H112 temper 42,000 19,000 45 10,500
6061, T6 temper:
Pipe size less than 1 in. 42,000 35,000 83.5 10,500
Pipe size 1 in. or larger 38,000 35,000 92 9,5000
6062. T6 temper:
Pipe size less than 1 in. 42,000 35,000 83.5 10,500
Pipe size 1 in. or greater 38,000 35,000 92 9,500

Figure 1-6. Material Strength at 100°F (38°C) (Sheet 1 of 2)

1-19
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TO 00-25-223
ULTIMATE YIELD PERCENT MAXIMUM
STRENGTH |[STRENGTH |YIELD OF ALLOWABLE
MATERIAL {psi) (psi) ULTIMATE STRESS (psi)
Aluminum alloys: (Cont)
6063:
T5 temper:
Wall thickness 0.5 in. or less 22,000 16,000 73 5,500
Wall thickness between 0.501 and 1 in. 21,000 15,000 71.5 5,250
T6 temper 30,000 25,000 83.5 7,500
6351, T6 temper 42,000 37,000 88 10,500
Copper, ASTM B-42:
Pipe size 1/8t0 2 in. 45,000 40,000 89 11,250
Pipe size 2-1/2to 12 in. 36,000 30,000 83.5 9,000
Brass, ASTM B-43 40,000 12,000 30 10,000

NOTE: Maximum allowable stress is figured with a safety factor of 4, using ultimate strength.

Figure 1-6. Material Strength at 100°F (38°C) (Sheet 2 of 2)

THREADED PIPE

NOMINAL SCHEDULE SCHEDULE SCHEDULE SCHEDULE |[SCHEDULE SCHEDULE
PIPE SIZE 5 10 40 80 160 XX
1/8 0.7956 0.1874 0.3543

1/4 0.05662 0.1546 0.2980

3/8 0.04331 0.1272 0.2490

172 0.64358 0.1109 0.2086 0.3341 0.6650
3/4 0.03365 0.09316 0.1794 0.3242 0.5406
1 0.04485 0.08277 0.1589 0.2846 0.4894
1-1/4 0.03451 0.07202 0.1364 0.2150 0.4035
1-1/2 0.02974 0.06720 0.1269 0.2218 0.3657
2 0.02345 0.05257 0.1142 0.2269 0.3160
3 0.003035 0.05539 0.1033 0.1861 0.2893
4 0.002328 0.05119 0.09473 0.1837 0.2529
5 0.006454 0.05784 0.08868 0.1837 0.2284
6 0.005384 0.04615 0.09017 0.1777 0.2245

Figure 1-7. Pipe Size Function (Sheet 1 of 2)

1-20
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TO 00-25-223
THREADED PIPE (Cont)
NOMINAL SCHEDULE SCHEDULE SCHEDULE SCHEDULE {SCHEDULE SCHEDULE
PIPE SIZE 5 10 40 80 160 XX
8 0.007027 0.04408 0.08332 0.1778 0.1703
10 0.008448 0.04245 0.08255 0.1815
12 0.009205 0.04150 0.08304 0.1807
14 0.01736 0.04189 0.08385 0.1770
18 0.01343 0.04498 0.08414 0.1771
24 0.01003 0.03506 0.08444 0.1771
UNTHREADED PIPE
1/8 0.2335 0.3345 0.4824
1/4 0.2322 0.3237 0.4520
3/8 0.1825 0.2627 0.3761
1/2 0.1445 0.1867 0.2520 0.3434 0.4571 0.7389
3/4 0.1142 0.1478 0.2057 0.2882 0.4231 0.6170
1 0.09022 0.1554 0.1922 0.2656 0.3838 0.5679
1-1/4 0.07087 0.1215 0.1583 0.2211 0.2967 0.4741
1-1/2 0.06166 0.1054 0.1424 0.1698 0.2907 0.4297
2 0.04904 0.08353 0.1125 0.1733 0.2834 0.3692
3 0.04236 0.06180 0.1138 0.1611 0.2423 0.3423
4 0.03280 0.04775 0.09639 0.1396 0.2273 0.2949
5 0.03487 0.04304 0.09424 0.1249 0.2155 0.2628
6 0.02921 0.03602 0.07676 0.1206 0.2073 0.2535
8 0.02236 0.03048 0.06746 0.1066 0.2004 0.1930
10 0.02205 0.02722 0.06118 0.1012 0.1996
12 0.02290 0.02501 0.05728 0.09872 0.1960
14 0.03174 0.05625 0.09812 0.1909
18 0.02460 0.05613 0.09523 0.1879
24 0.01840 0.04341 0.09274 0.1852

Figure 1-7. Pipe Size Function (Sheet 2 of 2)

1-21
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1
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013 - EXAMPLE:
3 FIND MAXIMUM WORKING PRESSURE FOR A PIPE WITH AN
0.8 OUTSIDE DIAMETER OF 1.05 IN., A WALL THICKNESS OF 0.083
IN. (SCHEDULE 10, 3/4 IN. PIPE,) AND AN ALLOWABLE STRESS
o OF 35,000 PSI.
3 1. FIND THE INSIDE DIAMETER:
— ER d=Dn-1.75t = 1,05 - 1.75 X 0.085 = 0.90457, OR APPROX-~
! g - IMATELY 0.905.
DIAMETER, 3 .-
INCHES 3 2. SINCE THE PIPE IS NOT TO BE THREADED:
i D=Dn-0=Dn=1.05
3 3. DRAW A STRAIGHT LINE FROM 1.05.ON THE OUTSIDE DIA-
E METER SCALE TO 0.905 ON THE INSIDE DIAMETER SCALE.
2 NOTE THE POINT WHERE IT CROSSES THE PIVOT LINE.
3 4. DRAW A STRAIGHT LINE FROM THE CROSS POINT ON THE
. PIVOT LINE TO 35 ON THE ALLOWABLE STRESS SCALE.
3 NOTE THE LINE CROSSES THE MAXIMUM WORKING PRES-
13- SURE SCALE AT A POINT CORRESPONDING TO APPROX~
3 IMATELY 5,200 PSIG.
14—
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Figure 1-8. Maximum Allowable Working Pressure Nomograph
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TO 00-25-223

NOMINAL PIPE SCHEDULE NUMBER AND MAXIMUM ALLOWABLE WORKING PRESSURE (PSIA)
PIPE SIZE 5 { 10 | 40 | 80 | 160 [ XX
1/2 2,709 3,500 4,725 6,439 8,570 13,854
3/4 2,141 2,771 3,857 5,404 7,933 11,569
1 1,692 2,914 3,604 4,980 7,196 10.648
1-1/4 1,329 2,278 2,968 4,146 5,563 8,889
1-1/2 1,156 1,976 2,670 3,184 5,451 8,057
2 919 1,566 2,109 3,249 5,314 6,923
3 794 1,159 2,134 3,021 4,543 6,418
4 615 895 1,807 2,618 4,262 5,529
5 653 807 1,767 2,342 4,041 4,928
6 547 675 1,439 2,261 3,887 4,753
8 419 571 1,264 1,999 3,758 3,619
10 413 510 1,147 1,898 3,743

12 429 469 1,074 1,851 3,675

ASTM A-312 seamless grade TP304, 321 and 347

Maximum allowable stress is 18,750 psi at 100°F (38°C), safety factoris 4

Figure 1-9. Maximum Allowable Working Pressures for Unthreaded Stainless Steel Pipe

NOMINAL|  PIPE SCHEDULE NUMBER AND MAXIMUM ALLOWABLE WORKING PRESURE (PSIA)
PIPE 5 10 40 80 160 XX

SIZE Al | A8 | A |B A ]B]|] Al B ]| A B

1/2 1,734 [2,188 2,240 | 2,801 3,024 (3,780 4,121 |5,151 5,485 | 6,857 | 8,867 (11,084
3/4 1,370 [1,713 | 1,774 | 2,217 2,468 |3,086 [3,458 4,323 | 5,077 | 6,347 7,404} 9,255
1 1,083 [1,353 | 1,864 | 2,331| 2,306 |2,883 [3,187 |3,984 [ 4,606 | 5,757| 6,815 | 8,519
1-1/4 850 [1,063 | 1,458 | 1,823| 1,900 {2,375 [2,653 {3,317 {3,560 | 4,451| 5,689 7,112
1-1/2 740 | 924 | 1,265 | 1,581| 1,709 |2,136 2,038 [2,547 | 3,488 | 4,361| 5,156 | 6,446
2 589 | 736 [1,002 | 1,253| 1,350 |1,688 [2,080 (2,600 |3,401 | 4,251| 4,430 5,538
3 508 | 635 742 | 927| 1,365 |1,707 {1,933 (2,417 {2,908 | 3,635| 4,108 5,135
4 394 | 492 | 573 | 716| 1,157 |1,446 1,675 [2,054 | 2,728 | 3,410| 3,539 4,424j
5 418 | 523 | 516 | 645| 1,131 |1,414 1,499 |1,874 (2,586 | 3,233| 3,154 3,942
6 350 | 438 | 432 | 540| 921 1,151 {1,447 {1,809 [2,488 | 3,110 3,028 | 3,803

Figure 1-10. Maximum Allowable Working Pressures for Unthreaded Carbon Steel

Pipe (Sheet 1 of 2)
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NOMINAL|  PIPE SCHEDULE NUMBER AND MAXIMUM ALLOWABLE WORKING PRESURE (PSIA)
PIPE 5 10 40 80 160 XX
SIZE A B | ATe T A TaTse] Al B[ A | B
8 268 | 335 | 365| 457| 810 (1,011 [1,279 [1,599 [ 2,405 | 3,006 2,316 [2,895
10 265 | 331 | 327 | 408| 734 917 [1,214 {1,518 2,395 | 2,994

12 274 | 344 | 300| 375| 687 | 859 [1,185 [1,481(2,352 | 2,940

ASTM A-53, A-135, and A-139

Safety factoris 4

Maximum allowable stress is 12,000 psi for grade A and 15,000 psi for grad B at 100°F (38°C)

Figure 1-10. Maximum Allowable Working Pressures for Unthreaded Carbon Steel Pipe (Sheet 2 of 2)

NOMINAL PIPE SCHEDULE NUMBER AND MAXIMUM ALLOWABLE WORKING PRESSURE (PSIA)
PIPE SIZE 5 | 10 | 40 | 80 [ 160 | XX
1/2 1,517 1,960 2,646 3,606 4,800 7,758
3/4 1,199 1,552 2,160 3,026 4,443 6,479
1 857 1,476 1,825 2,523 3,646 5,395
1-1/4 673 1,154 1,504 2,100 2,819 4,504
1-1/2 586 1,001 1,353 1,613 2,762 4,082
2 466 793 1,069 1,646 2,692 3,507
3 402 587 1,081 1,530 2,302 3,252
4 311 454 916 1,326 2,159 2,802
5 331 409 895 1,187 2,047 2,497
6 277 342 729 1,146 1,969 2,408
8 212 289 640 1,013 1,904 1,834
10 209 259 581 961 1,896

12 217 237 544 937 1,862

Type 6061, temper T6

Safety factoris 4

Maximum allowable stress if 9,500 psi for 1 inch or greater and 10.500 psi for less than 1 inch at 100°F (38°C)

Figure 1-11. Maximum Allowable Working Pressures for Unthreaded Type 6061-T6 Aluminum Alloy Pipe
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NOMINAL MAXIMUM ALLOWABLE WORKING PRESSURE (PSIA)

PIPE STANDARD PIPE EXTRA-STRONG PIPE
5128 RED BRASS COPPER RED BRASS COPPER
1/2 2,705 - 3,043 3,894 4,381
3/4 2,270 2,554 3,223 3,626
1 1,983 2,231 2,960 3,330
1-1/4 1,808 2,034 2,459 2,766
1-1/2 1,611 1,812 2,231 2,510
2 1,325 1,491 1,872 2,106
3 1,259 1,133 1,784 1,606
4 1,111 1,000 1,542 1,388
5 890 801 1,362 1,256
6 726 653 1,301 1,171
8 695 626 1,136 1,022
10 644 580 889 800
12 556 500

ASTM B-42 and B-43

Maximum Allowable Stress: red brass is 10,000 psi; copperis 11,250 psi for 2 inch and less and 9,000
psi for greater than 2 inch at 100°F (38°C)

Safety factoris 4

Figure 1-12. Maximum Allowable Working Pressures for Unthreaded Red Brass and Copper Pipe
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Figure 1-13. National Taper Pipe Thread
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columbium. Austenitic stainless steels are used
extensively in pipe lines for corrosive fluids, as
these materials are compatible with a multiplic-
ity of service fluid combinations. The effect of
low temperatures on tensile strength and yield
point are worthy of mention. Tensile strength
values at -300°F (-186%) are increased ap-
proximately 50 percent over those at 100° F
(38°).. However, the ductility decreases at -300°F
(-186°C) temperatures. Ductility decrease is less
for stainless steel than for other steels. A com-
plete coverage of stainless steels at low tem-
peratures is given in the National Bureau of
Standards - Cryogenic Materials Data Handbook.
Refer to figure 1-9 for maximum allowable working
pressures at  100° F (38°C) for unthreaded stainless
steel pipe.

1-101. CARBON STEELS. The seamless and
electric resistance welded types of pipe are most
commonly used of this rather large group of steels.
ASTM (American Society for Testing Materials)
A-53 Grades A and B and ASTM A-106 Grades
A and B steels are used for general service pipe.
Carbon steels are utilized for structural elements,
and for gas (with the exception of oxygen), air,
and water systems. Grade B steels, as a result
of heat treatment, are stronger than Grade A.
Refer to figure 1-10 for maximum allowable working
pressures at 100° F (38°C) for unthreaded car-
bon steel pipe.

1-102. Carbon or alloy steel pipe with electro-
lytic deposited inner liner with a maximum thickness
of 0.015 inch is approved for use in welded systems
where the system media is compatible with nickel.

1-103. Carbon or alloy fittings with electrolytic
deposited nickel inner liner with a minimum
thickness of 0.015 inch are approved where the
system media is compatible with nickel.

1-104. ALUMINUM ALLQOYS. For piping installa-
tions an aluminum alloy of excellent welding
characteristics and moderate tensile strength is
6061-T6. At 400° F (206° C)the tensile strength
of this alloy is 19,000 psi, at 100° F (38°C) it is
42,000 psi, and at -320° F (-197° C)it is 61,000
psi. Refer to figure 1-11 for maximum allow-
able working pressures at 100° F (38°C) for type
6061-T6 aluminum alloy pipe.

TO 00-25-223

1-105. RED BRASS AND COPPER. When stan-
dard size red brass and copper pipe is used, it
shall conform to ASTM B-43 and ASTM B-42,
with tensile strengths of 40,000 psi for red brass
and 36,000 and 45,000 psi for copper at 100° F
(38°C). Refer to figure 1-12 for maximum al-
lowable working pressures at 100° F (38°C) for
red brass and copper pipe.

1-106. PIPE THREADS.

1-107. GENERAL. The most commonly used
pipe thread in this country is the American Standard
Taper Pipe Thread described in NBS Handbook
H-23. This thread is also known as the national
taper pipe thread (npt).

1-108. A variation of the npt thread is the Dryseal
thread used on pipe-threaded AN parts. These
threads are completely interchangeable and will
mate without interference. Dryseal pipe threads
permit less leakage than npt threads. However,
either can be made to seal with the other. A
sealing compound must be used when either of
the threads is not Dryseal.

1-109. The Dryseal American Standard Taper (npff)
thread differs from the npt by differences in the
truncation of the root and crests of the threads.
There is an interference condition of the root
and crest of the thread before the flanks of the
thread engage. This interference in the Dryseal
thread ensures that no spiral leakage, such as
normally occurs in the npt thread, can result.
This interference also eliminates the need to
use thread lubricant or pipe thread sealer to
seal against spiral leakage. Although some us-
ers consider it good practice to use a light oil
lubricant to prevent galling of pipe threads, a
sealer is not necessary. Generally, the use of
pipe-threaded joints (npt) should be avoided unless
specified. Figure 1-13 illustrates the npt-type
thread and the standard threads per inch for
the various nominal pipe sizes.

1-110. Some fire extinguisher systems use, in
addition to the npt on the 1-inch pipe, a Pacific
Coast thread on 1-1/2-inch fog nozzles, and a
Fire Department National Standard thread on
larger lines. The Pacific Coast and the Fire
Department National Standard threads are straight
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threads and require a rubber gasket for sealing. Care must be
exercised to prevent mismatching of pipe threads.

1-111. NORMAL THREAD ENGAGEMENT. The normal
engagement specified for national taper pipe thread and Amer-
ican Petroleum Institute (API) line pipe thread joints is based
on parts being threaded to the npt standard or the API standard
for line pipe threads. The shoulder-type drainage fitting thread
engagement is based on using Crane fittings and npt thread
dimensions on the external thread but holding the external
thread to a special tolerance. (See figure 1-14.)

1-112. TUBING.
1-113. TUBE DATA.

1-114. The outside diameter (OD) is the basis for measure-
ment in the majority of cases. The notable exceptions are
naval piping, where tubing is based on the standard pipe OD,
and refrigeration systems, where tubing is based on standard
ID dimensions.

1-115. Seamless metal tubing is widely used in high-pressure
systems for propellant, coolant oil, pressurization, instrumen-
tation, hydraulic, and vent lines, and also for electrical con-
duits and ventilating ducts. Tubing of copper, corrosion
resistant steel (stainless steel), and aluminum alloy material is
used. The basic tube material may be identified by either
visual inspection or, as in the case of the aluminum alloys, the
actual designation may be stamped on the surface of the tub-
ing.

1-116. While it is difficult to generalize, copper has been
superseded as a general-purpose material by aluminum alloys
because of its lighter weight, work ability, and resistance to
corrosion and fatigue.

1-117. STANDARD TUBING.

1-118. The wall sections of standard tubing are very thin in
comparison to standard pipe, and methods other than threading
and heavy flanges must be utilized to connect tubing sections
into a system. Nominal tubing wall thickness is listed in figure
1-15. It must be emphasized, however, that these wall thick-
nesses are not available in all materials.
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1-119. Common methods of connection include flaring and
attaching with swivel nuts, brazing or welding, and flareless
tube ends attached with compression fittings. With these vari-
ous methods of connection, a standard tube OD is required to
enable standardization of fitting sizes.

1-120. ALUMINUM ALLOY TUBING. Types 1100 and
3003 tubing, Federal Specification WW-T-700/1 and WW-T-
700/2 respectively, are used for general-purpose lines and con-
duits of low or negligible fluid pressures, such as instrument
lines, electrical conduits, and ventilating ducts.

1-121. Types 6061 and 6062 aluminum alloy tubing, Specifi-
cation MIL-T-7081, are also used in both thin and thick walls
on aircraft.

1-122. Type 5052 tubing, Federal Specification WW-T-787
and WW-T-700/4, is the most widely used for general purpose
lines of low and medium pressures up to 3,000 psig. This
tubing is easily flared and is soft enough to be easily formed
by handtools and must be handled with care to prevent
scratches, dents, and nicks. It is used with either of two types
of end fittings: the flared end for mechanical connectors, or
the beaded end for use with clamps and flexible hose connec-
tors.

1-123. Type 5052 tubing can be used in gaseous or liquid
systems containing service fluids compatible with aluminum
alloys. When used in liquid systems, 1-1/2-inch diameter shall
be maximum size used.

1-124. Aluminum alloy tubing must be corrosion protected
by treating with chemical film in accordance with Specifica-
tion MIL-C-5541, wash primed to Specification MIL-C-8514,
and painted with zinc chromate paint conforming to Specifica-
tion MIL-P-8585 or MIL-P-7962, when used in exposed areas
such as wheel wells, missile bays, etc, and at geographical
locations where extreme humid and salt air conditions are
present.

1-125. CORROSION-RESISTANT STEEL TUBING.

This tubing (18 Cr-Ni) is extensively used in high-pressure
fluid systems above 1,500 psig. When Specifications MIL-T-
8808 (AISI 321 and
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A
D
NPT AND AP{ LINE SHOULDER TYPE
PIPE THREADS DRAINAGE FITTING THREADS
Pipe Sizes (ID)
Dimensions 1/8 1/4 3/8 172 3/4 1 1-1/4 1-1/2 2
A 174 | 3/8 3/8 172 9-16 | 11/16 | 11-16 11/16 3/4
B - - | - - - 9/16 5/8 5/8 5/8
Dimensions {] 2-1/2 3 3-1/2. 4 5 6 8 10 12 14
A 15/16 1 11716 [ 1-1/8  |1-1/4 | 1-5/16 | 1-7/16 1-5/8 1-3/4
B 7/8 115/16 1 - 1 1-1/16 1 1-1/4 | 1-3/8 1-9/16 1-11/16 | 1-7/8
‘ NOTE
Use American Standard Taper Male Thread with shoulder
type drainage fittings. The external thread, however,
should not be threaded small to gauge nor more than one
turn large.

Figure 1-14. Normal Thread Engagement
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NOMINAL | TOLERANCE WALL THICKNESS

TUBE OD OD TOLERANCE

(INCHES) | (0.001 INCH) NOMINAL WALL THICKNESS (0.001-INCH) (PERCENT)

1/8 14 16 18 20 115

3/16 +4 16 18 20 £15

1/4 +4 20 22 25 28 32 35 42 +15

5/16 14 25 28 32 35 42 49 +15

3/8 +4 28 32 35 42 49 58 +15

1/2 15 32 35 42 49 58 65 +10

5/8 15 35 42 49 58 65 72 83 +10

3/4 £5 42 49 58 65 72 83 95 +10

1 45 49 58 65 72 83 95 109 10

1-1/4 £5 49 58 65 72 83 95 109 120 +10

1-1/2 +10 58 65 72 83 95 109 120 +10

1-3/4 +10 65 72 83 95 109 120 +10

2 110 72 83 95 109 120 +10
Listed thicknesses are not available in all materials.

Figure 1-15. Standard Tubing Wall Thickness

347) and MIL-T-6845 quarter-hard tubing are not
available, use Specification MIL-T-8506 (AISI 304)
tubing, annealed or quarter-hard.

1-126. AN818 steel nuts should be used on such
lines and for general corrosion protection, which
is improved by the use of similar contacting ma-
terials. The corrosion-resistant tubings do not
have to be annealed for flaring or forming; in
fact, the flared section is somewhat strength-
ened by the cold-working and consequent strain-
hardening. Its higher tensile strength allow the
use of thinner walls and, consequently, the weight
is comparable to the thicker walled aluminum
alloy tubing.

1-127. Corrosion-resistant steel tubing can be
used in gaseous or liquid systems containing
service fluids compatible with these steels and
when working pressures exceed the maximum
allowable working pressure of aluminum alloy
tubing which is 3,000 psi.
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1-128. A maximum size of two inches diameter
shall be used. Over two inches diameter, or if
greater wall thickness is required, pipe, corro-
sion-resistant, schedules 5 to XX, will be used.

1-129. Corrosion-resistant steel tubing shall be
used in lieu of aluminum alloy tubing whenever
the line system is subject to vibration, extremely
hazardous service fluids, and corrosive vapors
in containers filled with corrosive active liquid,
and/or when tubes are part of the structure re-
quired to support or carry the stress and load
of the assembly.

1-130. Fuming nitric acid will require the use of
Specification MIL-T-8808 (AlISI 347) tubing, which
has stabilizing properties of columbium or
columbium plus tantalum.

1-131. Stainless steel fittings shall be used with
stainless steel tubing to prevent electrolytic ac-
tion of dissimilar materials and to maintain a
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high-pressure safety factor of 4, with assembly
of the line plumbing system. Fittings as listed
in Standard AND 10059 shall all be stainless
steel materials.

1-132. Corrosion-resistant steel tubing and pre-
cision flared corrosion-resistant steel fittings shall
be used in pressure systems with pressure of
3,000 to 6,000 psig.

1-133. COPPER TUBING, SEAMLESS. This tubing
is used for general-purpose lines of low or neg-
ligible fluid pressures such as fuel servicing lines,
water, water heater coils, radiation cooling coil,
condenser tubes, oil, and underground water lines.
Copper tubing has a tensile strength for annealed
type of 30,000 psi and for hard-drawn type of
40,000 psi. Copper tubing will only be used
with fluids which are noncorrosive to copper
material.

1-134. Annealed type N tubing, Federal Speci-
fication WW-T-799A, is the most commonly used
type in the Air Force. It is used for tubes re-
quiring flared-type fittings of the standard AN819
sleeve and AN818 nut, or used for beaded-type
hose connections. The tube size is the actual
tube outside diameter. The maximum allowable
tube OD is two inches diameter. If larger diam-
eters are required, use type K, L, or M with
soldered joints, or use Federal Specification WW-
T-797A, which is used with iron pipe size tubing
(ips) flange fittings.

1-135. Type K tubing, Federal Specification WW-
T-799A, is used with soldered-joint fittings or
connections. Type K has the heaviest wall thickness
of the types K,L,M, and N series. It is normally
used in large tube diameters for requirements
of heavy volume flow of liquid fluids and is also
used for underground plumbing. The nominal
tube size has larger actual tube outside diam-
eter than the stated nominal size (nominal tube
size of one inch is actual tube OD of 1.125,
etc) and, also, the nominal tube size is smaller
than the standard steel pipe OD. This type comes
in annealed or hard-drawn conditions.

1-136. Type L tubing, Federal Specification WW-
T-799A, is used with soldered-joint fittings, or
connections. Type L has tube wall thickness
less than the thickest type K and greater than
the thinnest type M. It is used for general plumbing.
This type comes in annealed or hard-drawn
conditions.

TO 00-25-223

1-137. Type M tubing, Federal Specification WW-
T-799A, is used only with soldered-joint fittings
or connections. It is supplied only in hard-drawn
conditions.

1-138. SUPERPRESSURE TUBING.

1-139. The requirement for high-pressure gas-
eous supply and storage facilities necessitates
the use of superpressure tubing and hardware.
Several suppliers have hardware and tubing
hardware. Several suppliers have hardware and
tubing materials that provide efficient and safe
systems needed to handle the high pressures
involved.

1-140. Superpressure tubing is heavy walled in
comparison to standard tubing, and, therefore,
can be threaded. A union-type connection is utilized
to effect the seal. Superpressure tubing is available
in chrome molybdenum steel in the normalized
condition and 304 stainless steel quarter-hard.
The tubing sizes readily available from suppli-
ers are listed in figure 1-16. Larger sizes may
be supplied on special request.

1-141. PRESSURE RATING OF TUBING.

1-142. The formula generally accepted for es-
tablishing pressure rating or wall thickness of
tubing, as required, is as follows:

21t PDS

P=ps ort=7
where:

P = maximum allowable working pressure,
psig.

minimum tensile strength, psi (figure 1-
17).

wall thickness, inches.

tube outside diameter, inches.

safety factor.

f

—

D
s

1-143. STANDARD TUBING. The approximate
pressure ratings of tubing of various materials,
sizes, and thicknesses are listed in figures 1-
18 through 1-22.

1-144. SUPERPRESSURE TUBING. The rec-
ommended allowable working pressures for
superpressure tubing in the materials available
are listed in figure 1-23.

1-145. PIPE FITTINGS.
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OUTSIDE INSIDE
DIAMETER DIAMETER MATERIAL
(INCH) (INCH)
1/4 1/16 Chrome molybdenum
1/4 3/32 304 stainless
3/8 1/8 304 stainless
9/16 3/16 Chrome molybdenum
9/16 5/16 304 stainless

Figure 1-16. Superpressure Tubing Wall Thickness

TUBE MATERIAL

MINIMUM TENSILE STRENGTH

Aluminum alloy

Copper, annealed
Copper, hard-drawn
Stainless steel, annealed
Stainless steel, 1/4-hard

29,000 psi
30,000 psi
45,000 psi
75,000 psi
120,000 psi

Figure 1-17. Minimum Tensile Strength For Tubing

SPECIFICATION

MIL-T-8504,
MIL-T-85086,
MIL-T-8606, AND
MIL-T-8808
WALL THICKNESS
NOMINAL
TUBEOD 0.028 |0.035 0.049 0.058 0.065 0.083 0.095 | 0.120 0.134
3/16 5,600 | 7,000 9,800
1/4 4,200 |[5,250 7,350 8,700 9,750
5/16 3,360 | 4,200 5,880 6,960 7,800
3/8 2,800 {3,500 4,900 5,800 6,500
172 2,100 |2,625 3.675 4,350 4,875 6,255 7,125 | 9,000 {10,050
5/8 1,680 {2,100 2,940 3,480 3,900 4,980 5,700 | 7,200 8,040
3/4 1,400 1,750 2,450 2,900 3,250 4,150 4,750 | 6,000 6,700
1 1,312 1,837 2,175 2,437 3,112 3,562 | 4,500
1-1/8 933 1,167 1,633 1,933 2,167 2,767 3,167 | 4,000
1-1/4 1,050 1,470 1,740 1,950 2,850 | 3,600 4,020
1-3/8 954 1,336 1,581 1,772 2,663 2,590 | 3,273
1-1/2 875 1,225 1,450 1,625 2,075 2,375 | 3,000
2 656 918 1,087 1,218 1,556 1,781 | 2,250 2,512

All dimensions ininches. All pressures in psig.

Figure 1-18. Maximum Allowable Working Pressures, Annealed Stainless Steel Tubing
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SPECIFICATION
MIL-T-6845
NOMINAL WALL THICKNESS
TUBE OD 0.028 0.035 0.049 0.058 0.065 0.083 0.095 0.120 0.134
3/16 8,960 11,200 15,683
1/4 6,720 8,400 11,760 13,920 15,600
5/16 5,376 6,720 9,408 11,136 12,480
3/8 4,480 5,600 7,841 9,280 10,400 13,280 15,200 17,200
1/2 3,360 4,200 5,880 6,960 7,800 9,960 11,400 14,400 16,000
5/8 2,688 3,360 4,704 5,568 6,240 7,952 9,104 11,504 12,864
3/4 2,240 2,800 3,920 4,640 5,200 6,640 7,600 9,600 10,720
1 2,100 2,940 3,480 3,900 4,980 5,700 7,200
1-1/8 1,493 1,867 2,613 3,093 3,467 4,426 5,067 6,400
1-1/4 1,680 2,852 2,784 3,120 3,976 4,552 5,752 6,432
1-3/8 1,529 2,138 2,530 2,836 3,549 4,145 5,236
1-1/2 1,400 1,960 2,320 2,600 3,320 3,800 4,800
2 1,050 1,470 1,740 1,950 2,490 2,850 3,600 4,020

All dimensions in inches. All pressures in psig.

Figure 1-19. Maximum Allowable Working Pressures, 1/8-Hard Stainless Steel Tubing

FEDERAL SPECIFICATION

WW-T-787 AND WW-T-700/4

NOMINAL WALL THICKNESS

TUBE OD 0.028 0.035 0.042 0.049 0.058 0.065
1/8 4,060
3/16 2,707
1/4 1,624 2,030 2842
5/16 1,624
3/8 1,083 1,380 1,624 1,894
12 812 1,015 1,218 1,421 1,682 1,885
518 812 974 1,137 1,508
3/4 541 690 947 1,257
1 507 710 942
1-1/4 406 568 754
1-172 474 628
1-3/4 290 406
2 254 355 471
2-172 203 377
3 237 314

All dimensions in inches. All pressures in psig.

Figure 1-20. Maximum Allowable Working Pressures, 5052 Aluminum Allow Tubing

Change 7
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FEDERAL SPECIFICATION

WW-T-799A

NOMINAL ACTUAL WALL THICKNESS

TUBE OD TUBE OD 0.032 0.035 0.042 0.049 0.065
1/8 0.125 3,840 4,200 5,040 5,880
3/16 0.188 2,553 2,792 3,350 3,880
1/4 0.250 1,920 2,100 2,520 2,940 3,900
5/16 0.313 1,533 1,677 2,012 2,348 3,115
3/8 0.375 1,280 1,400 1,680 1,960 2,600
7/16 0.438 1,095 1,198 1,438 1,678 2,226
1/2 0.500 960 1,050 1,260 1,470 1,950
9/16 0.562 954 934 1,120 1,307 1,748
5/8 0.625 768 840 1,008 1,176 1,560
3/4 0.750 640 700 840 980 1,300
7/8 0.875 548 600 720 840 1,114
1 1.000 480 525 630 735 975
1-1/8 1.125 426 466 561 653 866
1-3/16 1.188 404 441 530 618 820
1-1/4 1.250 384 420 504 588 780
1-3/8 1.375 349 381 458 534 709
1-1/2 1.500 320 350 420 490 650
1-3/4 1.750 274 300 360 420 557
2 2.000 240 255 315 367 487

All dimensions in inches. All pressures in psig.

Figure 1-21. Maximum Allowable Working Pressures, Type N Copper Tubing

FEDERAL SPECIFICATION

WW-T-799A AND

ASTM B-88-58

TYPE K ANNEALED TYPE L ANNEALED TYPE M HARD-DRAWN
OR HARD-DRAWN OR HARD-DRAWN ONLY
MAXIMUM MAXIMUM MAXIMUM

NOMINAL ACTUAL WALL WORKING WALL WORKING WALL WORKING

TUBE OD TUBE OD | THICKNESS | PRESSURE | THICKNESS | PRESSURE | THICKNESS | PRESSURE
1/8 0.250 0.032 1,920 0.025 1,500 0.025 2,000
1/4 0.375 0.032 1,280 0.030 1,200 0.025 1,333
3/8 0.500 0.049 1,470 0.035 1,050 0.025 1,000
1/2 0.625 0.049 1,176 0.040 960 0.028 896
5/8 0.750 0.049 908 0.042 840 0.030 800
3/4 0.875 0.065 1,114 0.045 800 0.032 731
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FEDERAL SPECIFICATION
WW-T-799A AND

ASTM B-88-58
TYPE K ANNEALED TYPE L ANNEALED  |TYPE M HARD-DRAWN
OR HARD-DRAWN OR HARD-DRAWN ONLY
MAXIMUM MAXIMUM MAXIMUM
NOMINAL | ACTUAL | WALL |WORKING | WALL |WORKING | WALL [WORKING
TUBEOD | TUBE OD | THICKNESS| PRESSURE |THICKNESS | PRESSURE| THICKNESS|PRESSURE
1 1125 0.065 866 0.050 666 0.035 622
1-1/4 1.375 0.065 709 0.055 600 0.042 611
1-172 1.625 0.072 664 0.060 553 0.049 603
2 2.125 0.083 585 0.070 494 0.058 545
2-1/2 2.625 0.095 542 0.080 457 0.065 495
3 3.125 0.109 523 0.090 432 0.072 460
3-1/2 3.625 0.120 496 0.100 413 0.083 457
4 4.125 0.134 487 0.110 400 0.095 460
5 5.125 0.160 468 0.125 365 0.108 425
6 6.125 0.192 470 0.140 342 0.122 398
8 8.125 0.271 500 0.200 369 0.170 418
10 10.125 0.338 500 0.250 370 0.212 418
12 12,125 0.405 501 0.280 346 0.254 418

All dimensions in inches. All pressures in psig.

Figure 1-22. Maximum Allowable Working Pressures, Copper Tubing (Sheet 2 of 2)

OUTSIDE DIAMETER| INSIDE DIAMETER MATERIAL PRESSURE RATING AT 100°F (38°C)
(INCH) (INCH) (PSIG)
1/4 1/16 Chrome molybdenum 100,000
1/4 3/32 304 stainless 30,000
3/8 1/8 304 stainless 45,000
9/16 3/16 Chrome molybdenum 50,000
9/16 5/16 304 stainless 20,000

Figure 1-23. Maximum Allowable Working Pressures, Superpressure Tubing
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1-146. FLANGES AND FLANGED FITTINGS.

1-147. FLANGE PRESSURE RATING. Standard
flanges and flanged fittings are pressure rated
for a primary service at 100° F (38° C). Figure
1-24 lists the maximum allowable working pres-
sures for steel flanges.

1-148. FLANGE TYPES. Standard flanges are
available in several types, as illustrated in fig-
ure 1-25. The following paragraphs describe
the recommended usage for each type of flange.

1-149. Weld neck flanges are distinguished from
other types by their long tapered hub and gentle
transition of thickness in the region of the butt
weld joining them to the pipe. The long tapered
hub provides an important reinforcement of the
flange proper from the standpoint of strength
and resistance to dishing. The smooth transi-
tion from flange thickness to pipe wall thick-
ness, effected by the taper, is extremely benefi-
cial under conditions of repeated bending, caused
by line expansion or other variable forces and
produces an endurance strength of weld neck
flanged assemblies. It is equivalent to that of a
butt welded joint between pipes, which, in prac-
tice, is the same as that of unwelded pipe. Thus,
this type of flange is preferred for every severe

service condition, whether this results from high
pressure or from subzero or elevated tempera-
ture and whether loading conditions are sub-
stantially constant or fluctuate between wide limits.
Weld neck flanges are particularly recommended
for handling explosive, flammable, or costly lig-
uids, where loss of tightness or local failure may
be accompanied by disastrous consequences.
When ordering weld neck flanges, the bore cor-
responding to the ID of the schedule pipe to be
used should be specified.

1-150. Slip-on flanges can be used when space
limitations prevent the installation of weld neck
flanges. Slip-on flanges, if used, must be fillet
welded, both internally and externally. Thus,
the installed cost of slip-on flanges is approxi-
mately the same as weld neck flanges. Their
calculated strength under internal pressure is
in the order of two-thirds that of weld neck flanges
and their life under fatigue is about one-third
that of the latter. For these reasons, slip-on
flanges are limited by the American Standard
and the ASME Boiler Construction Code to the
150-and 300-pound pressure classes. They
are properly restricted to moderate services where
major shocks or pronounced pressure or tem-
perature fluctuations are not expected to occur.

RATING AT 100°F (38°C)
CARBON STEEL STAINLESS STEEL
NOMINAL | ASTM-A-181 ASTM-A-105 ASTM-A-182
PRIMARY PIPE SIZE
PRESSURE RATING| RANGE GRADES F316
(PSIG) (INCHES) GRADE 1| GRADE 2| ANDF347 |GRADE 304
150 1/2-24 275 275 275
300 1/2-24 720 720 615
400 4-24 960 960 825
600 1/2-24 1,440 1,440 1,235
900 3-24 2,160 2,160 1,850
1,500 1/2-24 3,600 3,600 3,085
2,500 1/2-12 6,000 6,000 5,145

Figure 1-24. Maximum Allowable Working Pressures (PSIG), Non-Shock Conditions, Steel Flanges
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Figure 1-25. American Standard Flanges
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NOTE

Systems utilizing slip-on type flanges
are difficult to clean to liquid oxygen
standards. The internal weld should
fill the space up to the flange face, be
ground off, and then resurfaced. Since
the installed cost would be high, con-
sideration should be given to other types
more suitable for cleaning to liquid
oxygen standards.

1-151. Lap joint flanges are primarily employed
with lap joint stubs, the combined initial cost of
the two items being approximately one-third higher
than that of comparable weld neck flanges. Their
pressure-holding ability is little better, if any,
than that of slip-on flanges and the fatigue life
of the assembly is only one-tenth that of weld
neck flanges. The chief use of lap joint flanges
in carbon or low alloy steel piping systems is in
services necessitating frequent dismantling for
inspection and cleaning, and where the ability
to swivel flanges and to aline boltholes materi-
ally simplifies the erection of large diameter or
unusually stiff piping. Their use at points where
severe bending stress occurs should be avoided.
A variation of the lap joint flange incorporating
half rings to adapt to a valve body is utilized by
one valve supplier. (See figure 1-105.) Unless
otherwise specified, this valve will be supplied
with this type of flange in sizes to 4 inches at
pressures to 600 psig. This permits inter-
changeability of 150 psig, 300 psig, and 600
psig flanges on the same valve body as required.

NOTE

Carbon steel lap joint flanges should
not be used in cryogenic service.

1-152. Screwed flanges, made of steel, are
confined to special applications. Their chief merit
lies in the fact that they can be assembled without
welding; this explains their use in extremely high-
pressure services, particularly at or near atmo-
spheric temperature, where alloy steel is essential
for strength and where the necessary postweld
heat treatment is impractical. Screwed flanges
are unsuited for conditions involving temperature
or bending stresses of any magnitude, particularly
under cyclic conditions where leakage through
the threads may occur in relatively few cycles
of heating or stress; seal welding is sometimes
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employed to overcome this, but cannot be con-
sidered as entirely satisfactory. Screwed flanges
should be limited to a 2-inch maximum size.

1-153. Socket welded flanges are not accept-
able for use in Air Force pressure systems.

1-154. Blind flanges are used to blank off the
ends of piping, valves, and pressure vessel
openings. From the standpoint of internal pressure
and bolt loading, blind flanges, particularly in
the large size, are the most highly stressed of
all American Standard flange types; however,
in comparison with other companion flanges, they
are favored because they are not required to
withstand line strains caused by thermal expan-
sion or the weight of the piping system. When
severe water hammer may be involved, consid-
eration should be given to closures made of weld
neck or slip-on flanges and caps.

1-155. FLANGE FACINGS. The standard flange
types are supplied in a variety of flange-facing
types. The following paragraphs describe the
various facing types and their recommended usage.

1-156. Raised facings are most commonly em-
ployed with steel flanges: the face is 1/16-inch
high for 150-and 300-psig flanges and 1/4-inch
high for all other pressure classes. The face is
machine-tool finished with spiral grooves (spi-
ral grooves are unacceptable) or concentric grooves
(approximately 1/64-inch deep on approximately
1/32-inch centers) to bite into and hold the gas-
ket. Because both flanges of a pair are identi-
cal, no stocking or assembly problems are involved
in its use. Raised face flanges generally are
installed with flat ring composition gaskets which
are equal in width to the raised face; when flat
metal gaskets are used, the gasket width should
be made equal; to that used with large tongue-
and -groove facing (paragraph 1-158).

1-157. Male-and-female facings are standardized
in both large and small types. The female face
is 3/16-inch deep and the male face 1/4-inch
high and both are usually smooth finished since
the outer diameter of the female face acts to
locate and retain the gasket. The width of the
large male-and-female gasket contact surface,
like the raised face, is excessive for use with
metal gaskets. The small male-and-female
overcomes this but provides too narrow a gasket
surface for screwed flanges assembled with
standard weight pipe.
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1-1568. Tongue-and-groove facings are also
standardized in both large and small types. They
differ from male-and female in that the inside
diameters of tongue-and-groove do not extend
to the flange bore, thus retaining the gasket on
both its inner and outer diameter. This removes
the gasket from corrosive or erosive contact with
the line fluid. The small tongue-and-groove
construction provides the minimum area of flat
gasket it is advisable to use, thus resulting in
the minimum bolting load for compressing the
gasket and the highest joint efficiency possible
with flat gaskets.

1-159. Ring joint facing is the most expensive
but also the most efficient, partly because the
internal pressure acts on the ring to increase
the sealing force. Both flanges of a pair are
alike, thus reducing the stocking and assembling
problem found with both male-and-female and
tongue-and-groove joints. Because the surfaces
the gasket contacts are below the flange face,
the ring joint facing is least likely of all facings
to be damaged in handling or erecting. The flat
bottom groove is standard.

1-160. Flat faces are a variant of raised faces,
sometimes formed by machining off the 1/16-
inch raised face of 150-and 300-psig flanges.
Their chief use is for mating with 125- and 250-
psig cast iron valves and fittings. A flat-faced
steel flange permits employing a gasket whose
outside diameter equals that of the flange or is
tangent to the boltholes. In this manner the
danger of cracking the cast iron flange when
the bolts are tightened is avoided.

1-161. BUTT WELD FITTINGS.

1-162. FITTING TYPES. Butt weld fittings are
available in many standard types, including el-
bows, tees, returns, crosses, reducers, stub ends,
caps and laterals. They have the same schedule
number designation as corresponding pipe. They
are designed so that the actual bursting strength
equals the computed bursting strength of pipe
of the designated schedule number and mate-
rial. To establish the allowable working pressures
of seamless butt weld fittings, refer to the tables
giving the allowable pressures for pipe of the
same material and schedule number.

1-163. MATERIAL SPECIFICATIONS. Specifi-
cations for seamless butt weld fittings are ASTM

TO 00-25-223

A234 for carbon steel and ASTM A182 Grade
F304, 316, and 347 or 321 for stainless steel.

1-164. THREADED FITTINGS.

1-165. STANDARD THREADED FITTINGS. These
fittings are normally rated for ambient or100° F
(38° C) service. This rating is stamped on each
fitting. Standard fittings are rated at 2,000, 3,000,
4,000, and 6,000 psig at 100° F (38°C).

1-166. HIGH-PRESSURE LENS-RING THREADED
FITTINGS. (See figure 1-26). These fittings
are rated at a maximum working pressure of
10,000 psig through the 2-inch sizes. They uti-
lize a lens-ring gasket seal and are available in
carbon steel, low alloy steels, and stainless steel.
(304 stainless fittings are stock items.) Fittings
are available in nominal pipe sizes of 1 2 3 4,
1, 1-1/4, 1-1/2, and 2 inches for usage with schedule
80, 160, and double extra-strong pipe.

1-167. The high-pressure fittings, while rated at
10,000 psig when installed in a system, are limited
to the pressure rating of the pipe. In no case
can the pressure rating of the system exceed
the pressure rating of the pipe.

1-168. Special adapters are available to connect
systems utilizing the fittings to equipment or systems
having tapered pipe threads, ring joint flanges,
and weld fittings.

1-169. TUBE FITTINGS.

Relieve pressure before adjusting fit-
tings.

1-170. FLARED AND FLARELESS FITTINGS.

1-171. AN AND MS THREE-PIECE FITTING USED
WITH FLARED TUBING. This fitting is stan-
dard for use with pressure systems to 3,000
psig. In the smaller sizes, systems have been
tested satisfactorily to 6,000 psig. The basic
design was taken from the AC811 three-piece
fitting, with modifications of thread and fitting,
with modifications of thread and fitting propor-
tions. The angle of the flare of the fitting was
established at 37 degrees to give maximum flare
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contact and provide a nose sufficiently strong
to resist crushing. The flare diameter was pro-
portioned so that tubes can be flared without
splitting. The length of the thread contact was
increased and the lengths and tolerances adjusted
so that no interference in assembly would occur.

1-172. AN fittings consist of three pieces: an
AN818 coupling nut, and AN819 or MS20819
sleeve, and a connector. (See figure 1-27). The
sealing occurs between the nose of the fitting
and the inside of the flare on the tubing. The
MS20819 sleeve has an external shoulder against
which the AN818 nut acts. This produces a
locking effect on the nut when the sleeve is
slightly sprung upon proper torque. The sleeve
can turn during initial assembly to allow for slight
eccentricity of the tubing or nose of the con-
nector. AN819D and MS20819D aluminum sleeves
are not recommended, since the worked portion
of the aluminum hardens and tends to crack.

1-173. PRECISION-TYPE FLARED FITTINGS.
These fittings are a close tolerance version of
the standard AN and MS fittings. Dimension-
ally, the precision-type flared fittings are identi-
cal to the standard fittings, however, a finer fin-
ish is specified on the sealing surfaces, and im-
perfect threads are not allowed. In addition,
100 percent sampling is specified and general
quality is much better than with standard fittings.
This quality permits a satisfactory seal at rated
and higher pressures with less effort than that
required with the standard fittings. Only stainless
steel precision flared fittings, sizes up to 1-1/2
inch, are authorized for use on pressures of 3,000
to 6,000 psig.

1-174. MS THREE-PIECE FLARELESS FITTING.
(See figure 1-28.) This fitting is used with
standard tubing and is designed for pressure
systems to 3,000 psig. The MS flareless fitting
consists of three pieces, an MS21921 coupling
nut, an MS21922 sleeve, and a connector. As
the nut is tightened, the sleeve is driven forward
by the nut until it contacts the conical sealing
surface of the connector. Further tightening then
causes the bevel of the nut to bear against the
sleeve head and compress the sleeve against
the tubing at a point directly under the sleeve
head. At the same time, the sleeve end is guided
by the connector bevel into contact with the tubing,
where the cutting edge bites into the tubing.
With the sleeve held at the point of the cut,
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continued tightening bows the sleeve into con-
tact with the connector to form a leakproof seal.
Bowing of the sleeve also supplies a spring-
washer effect to resist loosening of the nut.

NOTE

In all tube and fitting installations, the
fittings should be of the same material
as the tubing. Fittings are designed
to be as strong as the strongest tubing
of like material which can be used with
the fitting. Precision flared corrosion-
resistant steel fittings shall be used
on pressure systems of 3,001 to 6,000
psig working pressure. Flareless fittings
should not be used with 5052-0 alumi-
num or very hard steel tubing.

1-175. MS AND AN PARTS. AN parts are in
many instances being replaced by MS specifi-
cations and parts. In some cases the AN and
MS parts are interchangeable. The Standards
Manual should be checked for the applicable
specification. Standard flared and flareless fittings
are listed in figure 1-29 and illustrated in figures
1-30 and 1-31. The precision-type fitting equivalents
of the standard fittings (identified with an equi-
lateral triangle) are listed in figure 1-32.

1-176. AN FITTING THREADS.

1-177. AN fittings employ two types of threads:
the AN straight thread, which conforms to the
American National Fine Thread Series and 12-
thread series (figure 1-33), and the American
Standard Taper Pipe Thread (npt) (figure 1-13).
The MS flareless fittings have the same threads
as standard AN flared fittings and will mate with
existing AN internal threads in valves and other
equipment.

1-178. The two thread types are not identical,
and though some of the sizes are apparently
interchangeable, connecting the two will form
an imperfect joint.

1-179. Pipe thread sizes have been standardized
as listed in figure 1-34. The part number for
AN and MS fittings does not show a dash number
for pipe thread size, when thread is standard.
When the pipe thread is a deviation from stan-
dard. it is designated as a second sulffix.

1-180. TUBE FITTING DESIGNATION AND
IDENTIFICATION.
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BASIC * AVAILABLE
PART AVAILABLE SIZES MATERIALS
NUMBER DESCRIPTION IN INCHES AND FINISHES
MS21923 ADAPTER, Flareless tube, bulkhead and 1/8 through 2 1,7,9
universal to flared tube
MS21800 ADAPTER, Flareless tube to AN flared tube 3/16 through 2 1,7,9
AN807 ADAPTER, Hose to universal 1/4 through 1-1/2 1,6,7
AN774 BOLT, Flared tube fitting end, universal 1/4 through 1 1,7,9
AN775 BOLT, Universal fitting 1/4 through 1 1,7,9
AN912 BUSHING, Reducer 1/4 through 1-1 4 1,6,7
AN894 BUSHING, Screw-thread, expander Internally threaded |1,7,9
end 3 16 through
1-1 4, externally
threaded end 1/8
through 1
MS21915 BUSHING, Screw-thread, expander, flareless Internally threaded |1,7,9
tube connection end 3 16 through
1-1 4, externally
threaded end 1/8
through 1
ANB893 BUSHING, Screw-thread, reducer Internally threaded |1,7,9
end 1 4 through 1,
externally threaded
end 5/16 through
1-1/4
AN929 CAP ASSEMBLY, Pressure seal, flared tube 1/8 through 3 1,7
fitting
MS213814 CAP, Pressure seal, flareless tube fitting 1/8 through 1-1/2 9
AN849 CONNECTOR, Hose, bulkhead 1/4 through 1-1/2 1,6,7
AN910 COUPLING, Pipe thread 1/8 through 1-1/4 1,6,7
ANB27 CROSS, Flared tube 1/8 through 2 1,7,9
MS21906 CROSS, Flareless tube 1/8 through 2 1,7,9
AN918 CROSS, Internal pipe thread 1/8 through 1-1/4 1,6,7
AN937 CROSS, Internal screw thread 1/4 through 1-1/4 1,7,9

"MATERIAL AND FINISH CODE:

1 - Aluminum Alloy
2 - Brass
3 - Bronze

4 - Cadmium Plated
5 - Copper
6 - Copper Alloy

7 - Corrosion Resistant Steel

8 - Magnesium
9 - Steel

Figure 1-29. Standard AN and MS Fittings (Sheet 1 of 4)
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BASIC |. AVAILABLE
PART AVAILABLE SIZES MATERIALS
NUMBER DESCRIPTION IN INCHES AND FINISHES
AN823 ELBOW, 45°, flared tube and pipe thread 1/8 through 2 1,6,7,9
AN837 ELBOW, 45° flared tube and universal 1/8 through 2 1,79
MS21907 ELBOW, 45° flareless tube and universal 1/8 through 2 1,7,9
AN846 ELBOW, 45°,hose, bulkhead 1/4 through 1 -1/2 1,6,7
AN839 ELBOW, 45°,hose to universal 1/4 through 1 -1/2 1,6,7
AN915 ELBOW, 45°,internal and external pipe thread 1/8 through 1-1/4 1,6,7
AN941 ELBOW, 45°,internal screw thread 1/4 through 1 -1/4 1,7,9
AN791 ELBOW, 45°, wnion 1/8 through 5/8 2,47
ANT778 ELBOW, 45°, universal 1/4 through 1 1,7,9
ANT777 ELBOW, 75°, universal 1/4 through 1 1,79
AN821 ELBOW, 90°, flared tube 1/8 through 2 1,7,9
AN833 ELBOW, 90°, flared tube and bulkhead universal| 3/16 through 1-3/16 |1,7,9
MS20822 ELBOW, 90°, ‘ flared tube and pipe thread 1/8 through 2 1,6,7,9
MS21904 ELBOW, 90°, flareless tube 1/8 through 2 1,7,9
MS21908 ELBOW, 90°, flareless tube, bulkhead and 1/8 through 2 1,7,9
universal
MS21925 ELBOW, 90°, flareless tube, universal, high 1/4 through 1 -1/4 1,7,9
profile
MS21926 ELBOW, 90°, flareless tube, universal, low 1/4 through 1 -1/4 1,7,9
profile
ANB848 ELBOW, 90°! hose, bulkhead 1/4 through 1-1/2 1,6,7
ANB838 ELBOW, 90°, hose to universal 1/4 through 1-1/2 1,6,7
AN914 ELBOW, 90°, internal and external pipe thread 1/8 through 1-1/4 1,67
AN916 ELBOW, 90°, internal pipe thread 1/8 through 1 -1/4 1,6,7
AN939 ELBOW, 90°, internal screw thread 1/4 through 1-1/4 1,7.9
AN790 ELBOW, 90°, union 1/8 through 5/8 2,47

*MATERIAL AND FINISH CODE:

1 - Aluminum Alloy
2 - Brass
3 - Bronze

4 - Cadmium Plated
5 - Copper
6 - Copper Alloy

7 - Corrosion Resistant Steel

8 - Magnesium
9 - Steel
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Figure 1-29. Standard AN and MS Fittings (Sheet 2 of 4)
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BASIC * AVAILABLE
PART AVAILABLE SIZES MATERIALS
NUMBER DESCRIPTION IN INCHES AND FINISHES
AN776 ELBOW, 90°, universal 1/4 through 1 1,7,9
AN871 FLANGE, Straight thread, boss welding 1/4 through 1-1/2 1,9
AN816 NIPPLE, Flared tube and pipe thread 1/8 through 2 1,6,7,9'
ANS11 NIPPLE, Pipe thread 1/8 through 1-1/4 1,2,3,7
AN780 NIPPLE, Union 1/8 through 1 2.4,7
AN818 NUT, Coupling 1/8 through 3 1,7,9
AN924 NUT, Flared tube, bulkhead and universal fitting 1/8 through 3 1,7,9
ANG6289 NUT, Flared tube universal fitting 1/8 through 2 1,7,9
AN817 NUT, Sleeve, coupling 1/8 through 2 1,7,9
MS21917 NUT, Sleeve coupling, flareless 1/8 through 2 1,79
MS21921 NUT, Sleeve coupling, flareless 1/8 through 2 1,79
AN805 NUT, Union 1/8 through 1 2,47
ANB814 PLUG AND BLEEDER, Screw thread 1/8 through 2 1,7.9
AN806 PLUG, Flared tube 1/8 through 2 1,7.9
MS21913 PLUG, Flareless tube 1/8 through 2 1,7.9
ANS32 PLUG, Pipe, countersink hex head 1/16 through 1-1/4 {1,6,7,8,9
MS20913 PLUG, Pipe, square head 1/16 through 2-1/2 }1,6,7,9
AN909 PLUG, Square head, drilled for locking 3/4 through 1-1/2 3,4,9
AN919 REDUCER, Flared tube, external thread Large end 3/16 1,7,9

through 1-1/2, small

end 1/8 through

1-1/4
MS21916 REDUCER, Flareless tube, external thread Large end 3/16 1,7.9

through 1-1/2, small

end 1/8 through

1-1/4
AN819 SLEEVE, Coupling 1/8 through 3 1,7.9
MS21918 SLEEVE, Coupling, flareless 1/8 through 3 9

*"MATERIAL AND FINISH CODE:

1 - Aluminum Alloy
2 - Brass
3 - Bronze

4 - Cadmium Piated
5 - Copper
6 - Copper Alloy

7 - Corrosion Resistant Steel

8 - Magnesium
9 - Steel

Figure 1-29. Standard AN and MS Fittings (Sheet 3 of 4)
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BASIC *AVAILABLE
PART AVAILABLE SIZES MATERIALS
NUMBER DESCRIPTION IN INCHES AND FINISHES
MS21922 SLEEVE, Coupling, flareless 1/8 through 3 7.9
MS20819 SLEEVE, Flared tube fitting 1/8 through 3 1,2,7,9
AN824 TEE, Flared tube 1/8 through 2 1,7,9
AN834 TEE, Flared tube, bulkhead and universal 1/8 through 2 1,7.9
AN784 TEE, Flared tube, internal thread on run 1/8 through 1 -1/4 1,7,9
AN783 TEE, Flared tube, internal thread on side 1/8 through 1-1/4 1,7,9
AN804 TEE, Flared tube with bulkhead on run 1/8 through 2 1,7,9
AN826 TEE, Flared tube with pipe thread on run 1/8 through 2 1,6,7,9
AN825 TEE, Flared tube with pipe thread on side 1/8 through 2 1,6,7,9
MS21905 TEE, Flareless tube 1/8 through 2 1,7,9
MS21909 T_I(EjE, Flareless tube, bulkhead and universal on 1/8 through 2 1,7,9
side
MS21912 TEE, Flareless tube, bulkhead on run 1/8 through 2 1,7,9
MS21911 TEE, Flareless tube, internal thread on run 1/8 through 1-1/4 1,79
MS21910 TEE, Flareless tube, internal thread on side 1/8 through 1-1/4 1,7,9
AN917 TEE, Internal pipe thread 1/8 through 1-1/4 1,6,7
AN938 TEE, Internal screw thread 1/4 through 1-1/4 1,7,9
AN795 TEE, Union 1/8 through 5/8 2,47
AN779 TEE, Universal fitting 1/4 through 1 1,7,9
AN815 UNION, Flared tube 1/8 through 3 1,79
AN832 UNION, Flared tube, 3/8 bulkhead and universal 1/8 through 2 1,7,9
MS24487 UNION, Flared tube, universal 1/8 through 1 1,79
MS21902 UNION, Flareless tube 1/8 through 2 1,7,9
MS21924 UNION, Flareless tube, bulkhead and universal 1/8 through 2 1,7,9
AN960 WASHER, Flat 2/64 through 2-33/64 1,2,4,5,7,9
|
*MATERIAL AND FINISH CODE:
1 - Aluminum Alloy 4 - Cadmium Plated 7 - Corrosion Resistant Steel
2 - Brass 5 - Copper 8 - Magnesium
3 - Bronze 6 - Copper Alloy 9 - Steel
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Figure 1-29. Standard AN and MS Fittings (Sheet 4 of 4)
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AN OR MS STANDARD PRECISION FLARED

AN774 MS24387

AN783 MS24388

AN784 MS24389

ANS804 MS24390

ANS806 MS24404

ANS814 MS24391

ANS815 MS24392

ANS21 MS24401

ANS824 MS24402

ANS827 MS24403

ANS832 MS24393

ANS833 MS24394

ANS834 MS24395

ANS&37 MS24396

ANS893 MS24397

AN894 MS24398

ANO919 MS24399

AN924 MS24400

MS21900 MS24405
Figure 1-32. Precision Type Fittings

1-181. PARTS DESIGNATION. Parts designa- Type fitting is indicated by the basic part No.
tion numbers for the AN flared tube fittings are Size fitting is indicated by the dash number.
made up of a basic part No. followed by a dash Material is indicated by letter designation.

number indicating the OD of the tube in six-

teenths of an inch and a letter designating the a. Material designations are as follows.

material type. Most fittings follow the convention INO TEEEET .o Steel
described above, but some do not. Therefore, before D e, Aluminum alloy
specifying a particular part No., obtain the detail B oo Copper alloy
sheet(s) for the standard needed and follow the C oo Corrosion-resistant steel
instructions for determining the appropriate part (302, 303, 304, 316, and 321)
number. S Corrosion-resistant steel

Example: 815-8D (304L and 347)
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TUBING OD FITTING
(INCHES) DASH NO. FITTING THREAD SIZE*
1/8 2 5/16 - 24 UNF - 3A
3/16 3 3/8 - 24 UNF - 3A
1/4 4 7/16 - 20 UNF - 3A
5/16 5 1/2 - 20 UNF - 3A
3/8 6 9/16 - 18 UNF - 3A
1/2 8 3/4 - 16 UNF - 3A
5/8 10 7/8 - 14 UNF 2 3A
3/4 12 1-1/16 - 12 UN - 3A
1 16 1-5/16 - 12 UN - 3A
1-1/4 20 1-5/8 - 12N - 3A
1-1/2 24 1-7/8 - 12N - 3A
1-3/4 28 2-1/4 - 12 UN - 3A
2 32 2-1/2 - 12 UN - 3A

*Diameter - threads per inch - thread type (Per Specification MIL-S-7742),

Figure 1-33. AN and MS Fittings, Straight-Threaded Sizes

TUBING OD TUBING PIPE THREAD PIPE THREAD
(INCHES) DASH NO. DASH NO. SIZE (INCHES)
1/8 2 2 1/8
3/16 3 2 1/8
1/4 4 2 1/8
5/16 5 2 1/8
3/8 6 4 1/4
1/2 8 6 3/8
5/8 10 8 1/2
3/4 12 12 3/4
1 16 16 1
1-1/4 20 20 1-1/4
1-1/2 24 24 1-1/2
1-3/4 28 24 1-1/2
2 32 32 2

Figure 1-34. AN and MS Fittings, Tapered-Threaded Sizes
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b. When the fitting is available in steel
or aluminum only, the designations
are as follows:

c. When the fitting is available in cop-
per alloy or aluminum alloy only, the
designations are as follows:

Noletter «u.cucomumusssammuisssn Copper alloy
D o Aluminum alloy

1-182. The MS flared-type fitting designation
method is the same for AN flared fittings. The
material designation letter normally follows the
basic part number; however, the Military Speci-
fications list it also following the dash number.

1-183. PARTS IDENTIFICATION. Parts identi-
fication for the AN and MS fittings are made
with a number or letter and a color.

a. AN and MS fittings are marked with
the letters AN or MS, either embossed
or by impression stamping.

b. AN fittings made from corrosion-re-
sistant steel are marked with the letter
S if fabricated from either type 304L,
347, or 321 steel, and with the let-
ter C if fabricated from either type
302, 303, 304, or 316 steel. Wher-
ever practicable each part is also
identified by the complete drawing
number.

c. In addition to the above identifica-
tion, AN and MS fittings are identi-
fied by colors as follows:

An fittings (flared and straight thread)

AlUMINUMAHOY o vun wom sovm o wsne smwes am s ooe Blue
SO it vid (inbinne susemsimnis smnn =mn moms Shmbidle s Black
Aluminum bronze ...... Natural cadmium plate
Copper base alloys ..... Natural cadmium plate
Corrosion-resistant steel ............... None

MS fittings (flareless)

Aluminumalloy ........ ... ... ... ....... Green
Steell waon svwn v e Natural cadmium plate
21900-21901 aluminum alloy . .......... Brown
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21900-21901 steel ..... Natural cadmium plate
Ferrules 21918 ........ Natural cadmium plate

1-184. SUPERPRESSURE FITTINGS.

1-185. Superpressure, union-type fittings con-
sist of four parts: a male tube, a female con-
nection in valve or fitting, a gland nut, and an
inner sleeve, as illustrated in figure 1-26. The
male tube has a 59-degree conical seating sur-
face that mates with a corresponding 60-degree
female conical seat in the body. The male tube
and inner sleeve have left-hand threads; the gland
nut and opening in the valve or fitting body have
right-hand threads. As the gland nut is slipped
over the sleeve and screwed into the opening
in the body, the sleeve is tightened on the tub-
ing at the same time as the conical seating sur-
faces are sealed,

1-186. PRESSURE VESSELS.
1-187. GENERAL REQUIREMENTS.

1-188. The pressure vessel normally is the most
expensive item of the high-pressure system. It
is, therefore, important that the selection be made
to represent cost savings as well as to provide
an item that is suitable for many propellants
and test programs. The following paragraphs
describe some of the selection factors.

1-189. MATERIAL. A run or storage vessel is
generally used for many test programs with various
propellants. Standardization on a 304, 321, or
347 material provides a vessel suitable for ser-
vice with the majority of oxidizers and fuels at
ambient as well as cryogenic temperatures. Where
a vessel is only to be used at near ambient
temperature in hydrocarbon-type fuels, carbon
steel or carbon steel stainless clad is suitable.
Carbon steel pressure vessels are generally suitable
for the pressuring gases used in high-pressure
systems.

1-190. SIZE. Run or storage vessels are gen-
erally sized for a minimum surface area. There
are many factors making this desirable; how-
ever, minimum surface area exposed to corro-
sive liquids and heat leak in cryogenic applica-
tions and minimum weld and material requirements
are important factors. Generally, a range of
sizes including 25, 50, 200, 400, 1,000, 2,500,
7,000, 11,000, 20,000, and 30,000 gallons in
various pressure ranges meet the requirements



Downloaded from http://www.everyspec.com

for run tanks. Cryogenic storage vessels in sizes
of 50, 500, 1,500, 2,500, 5,000, 14,000, 28,000, and
45,000 gallons are available. For pressurant stor-
age, the 470 ft 3 (3,000 psig) carbon steel pressure
vessel is an industrial standard.

1-191. PRESSURE RATING. Run vessels for
thrust chamber test stands should be in the 2,000-
3,000 psig range. Run vessels for engine test
stands should be rated at 160-200 psi. For storage
vessels, it is generally desirable to pressure-rate
them from 50 to 125 psig. For pressurant storage,
the 3,000-psig pressure rating provides for the
majority of requirements.

NOTE

Where pressure vessels are utilized as
run tanks in systems, special equip-
ment may be required.

1-192. PRESSURANT GAS DIFFUSER. In all
cryogenic and some ambient conditions it is neces-
sary to diffuse the pressurant gases to prevent
them from being absorbent into the liquid propel-
lant. Several standard designs are available
which include multiport cappe tubes with a 4-to-1
discharge to inlet area ratio.

1-193. TANK BAFFLES. In low-pressure pump
feed systems, baffles are required at the base of
tank to prevent vortexing of the liquid. A stan-
dard design is the largest circular flat plate (con-
sistent with allowable flow area and pressure
drop) that can be mounted on a minimum of four
thin, radial, vertical supports below the 5 percent
full level. The four vertical supports start at the
periphery of the outlet opening and extend to the
periphery of the large circular plate. Antivortex
baffles must be installed after the tank is fabri-
cated and must be made in sections to fit through
the largest tank opening.

1-194. TANK OUTLET SCREENS. Cylindrical
outlet screens are installed in the tank outlet to
prevent foreign objects from entering the discharge
ducting in pump feed systems. The cylindrical sec-
tion is three to five inches in height and the same
diameter as the tank discharge. Evenly spaced
support rods are placed around the circumference
of the cylindrical section. The rods are secured at
the top to a 1/4-inch plate and welded at the bot-
tom to an insert flange which is sandwiched
between the tank discharge flange and the dis-
charge duct flange. The vertical rods are enclosed
by a double screen, with 12 mesh on the outside
and four mesh on the inside. This outlet screen is
readily removed for inspection and cleaning.

1-195. ASME CODE PRESSURE VESSELS.

T.0. 00-25-223

1-196. All pressure vessels for high-pressure sys-
tems designed and fabricated under the ASME
code shall be in conformance with the latest revi-
sion of the ASME Unfired Pressure Vessel Code
and the local and state codes where applicable.

1-197. Each pressure vessel shall be equipped
with one or more safety devices to ensure safe
operation of the vessel as specified by code.

1-198. ICC PRESSURE VESSELS.

1-199. Vessels designed and fabricated according
to Interstate Commerce Commission codes are not
generally specified for permanent installation in
high-pressure systems. If an ICC vessel is
installed on a permanent basis, it shall fall under
the ASME requirements with regard to safety fac-
tor and use.

1-200. NONCODE PRESSURE VESSELS.

1-201. Many high-pressure vessels, because of
pressure requirements, fabrication techniques, or
material selections, do not fall within the scope of
the ASME Unfired Pressure Vessel Code. All
these vessels shall be designed in accordance with
the recommended formula of the ASME Unfired
Pressure Vessel Code. The code recommended
design stress for those materials listed, or a safety
factor equivalent to code recommendation for
materials not listed, shall be used. In any case,
the safety factor shall not be less than four unless
other wise stated in the code.

1-202. GASKETS AND SEALS.
1-203. O-RINGS.
1-204. O-rings are used as moving and nonmov-

ing seals and gaskets in applications which cover a
wide range of pressures, temperatures, and fluids.
They are available in a variety of inside diameters
and cross sections and are manufactured in a
range of materials which include natural rubber
and various synthetic rubbers (butyl, GRS, neo-
prene, nitril or buna-N, silicone, and polysulfide)
as well as teflon, Kel-f, and other plastics. Each
material has characteristics which make it suita-
ble for use with particular fluids. Some of these
materials and services are listed in figure 1-35.
O-ring dimensions are designed for specific appli-
cations; in general, different types are not inter-
changeable. (See Appendix IV for General Cross-
Reference.)

1-205. FLUOROCARBON PLASTICS (TEFLON
AND KEL-F).
1-206. Teflon TFE is composed of carbon and

fluorine atoms and is extremely inert to chemical
attack. It is seriously affected only by chlorine
trifluoride and fluorine at high temperatures and

Change 1 1-55
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molten alkali metals. Its very low coefficient of
friction lends it added utility where nonlubricated
bearing surfaces are needed. Its compressive
strength is low (600 psi @ one percent offset)
which gives it a tendency to cold flow under pres-
sure. TFE should be used for compression gaskets
only in areas where it is confined.

1-207. Teflon FEP has almost the same proper-
ties as TFE but has slightly higher compressive
strength with lowered maximum operating tem-
peratures. FEP should not be used at tempera-
tures above 300°F. FEP is not used extensively by
the Air Force.

1-208. Kel-F PCTFE is composed of fluorine, car-
bon and chlorine atoms. The mechanical and per-
meability properties of Kel-F are superior to
Teflon. The chemical resistance of Kel-F is
slightly less than Teflon but is unaffected by most
chemicals and concentrated acids. Kel-F has high
compressive strength (7,850 psi @ one percent off-
set) with high resistance to cold flow. Kel-F
should be used in lieu of Teflon for unconfined
compressive gaskets. Kel-F should not be used for
non-lubricated bearings.

1-209.  ANG6227, AN6230, MS28778, MS28775,
and M83461/1 O-rings are formed of buna-N
(nitril) compounds. Buna-N compounded O-rings
are considered very good in providing dynamic
reciprocating and static sealing for hydraulic appli-
cations at temperatures listed in each O-ring pro-
curement specification. The purchase, storage,
and use of rubber diaphragms, packings, gaskets,
and O-rings are governed by several specifications.
Allowable lengths of time of storage differ with
respect to individual parts, subassemblies, and
completed units. AN6227, 1IN6230, MS28778,
MS28775, and M83461/1 O-rings are formed of
buna-N (Nitril) compounds.

1-210. Installation of an O-ring with a fitting
requires the fitting to have a hex shoulder of suffi-
cient width to cover the entire O-ring. An AN6289
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nut and an AN6291 (MS28777) or MS9058 non-
extrusion ring must be used with the AN6290
gasket.

1-211.  AN6230 O-rings are intended only for
static stationary seals and shall not be used for
running seals. This O-ring is comparable to
ANG6227 but is limited to static applications. It is
furnished in 10 dimensions of 1-5/8 through 4-5/8
inches and is available only in 1/8-inch cross sec-
tion size.

1-212. Static seals conforming to drawings
ANG6230-1 through AN6230-25 inclusive may be
used at pressures up to and including 1,500 psig
provided the clearances and eccentricities are not
exceeded.

1-213.  Above 1,500 psig pressure, the AN6230
gasket (through size AN6230-25) and the sizes of
ANG6227 packing which are used to augment below
the AN6230-1 size shall be used with the applica-
ble AN6244, AN6246, MS28774, MS28782, or
MS28783 backup ring in accordance with para-
graph 1-220.

1-214.  ANG6227 O-rings are designed for hydrau-
lic service. They are suitable for moving or non-
moving seals. The usual application is with
hydraulic pistons, valve stems, or other installa-
tions involving reciprocating, rotary, or oscillating
movement. Provisions must be made for lubrica-
tion when they are installed as moving seals in
pneumatic systems. AN6277 O-rings are not
designed for use with fittings.

1-215.  ANG6227 O-rings are furnished in a range
of various cross section widths and diameter sizes
to fit standard O-ring gland dimensions per Speci-
fications MIL-P-5514. For use with pressures
from 1,500-3,000 psig, the gland design has provi-
sions for non-extrusion devices of leather, teflon,
Kel-F, or other materials to prevent extrusion of
the O-ring as illustrated in figure 1-37. AN6227
dash numbers do not rep-
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PUBLICATION ]
GOVERNING PROCU-
DESIGN REMENT |QUALIFIED
INSTAL-|STORAGE|SPECIFI-| PRODUCTS
NUMBER | NAME |APPLICATION|SYSTEM|LATION [AND USE |CATION |LIST REMARKS
O-RING
AN6227 |Packing, Static and Hyd, MIL-P- |ANA Bul {MIL-P- QPL-5516 |General use -65°F to
O-ring {dynamic pneu 5514 1438 TO |5516 +160°F
42F2-1-2
AN6230 {Gasket, | Static only Hyd, MIL-P- {ANA Bul |MIL-P- QPL-5516 [General use -65°F to
O-ring pneu 5514 [438 TO {5516 +160°F
42£2-1-2
AN123851|Seal, Static and lubri- MIL-P- {ANA Bul |JAMS-7274{ - - - Primary use-recip engines
through |O-ring |dynamic cating 5514 |[438 and propellers
AN123950
AN123951{Seal, Static and Fuel MIL-P- JANA Bul |AMS-7270| - - - Primary use-recip engines
through |O-ring {dynamic : 5514 ]438 and propellers
AN124050
MSg021 |Packing, Static and Fuel MIL-P- JANA Bul JAMS-7271{ - - - ---
O-ring | dynamic 5514 {438
MS28772 |Packing, Landing gear | Hyd MIL-P- |ANA Bul |MIL-P- QPL-5516 |- - -
O-ring |shock strut as 5514 |438 5516
rod seal onl
MS828775 |Packing,| Static and Hyd MIL-P- {ANA Bul |MIL-P- QPL-25732 |General use -65°F to
O-ring |dynamic (MIL-H- | 5514 438 TO |25732 +275°F
5606), 42E2-1-2
pneu
MS29513 [Packing, Static and Fuel MIL-P- [ANA Bul {MIL-P- QPL-5315 |- - -
Q-ring {dynamic 5514 1438 5315
MS29561 |Packing,j Static and Hyd, syn| - - - ANA Bul [MIL-P- QPL-7362 |- - -
O-ring |dynamic lubricant 438 7362
pneu
M83461/1 |Packing | Static and Hyd, - “-- MIL-P- QPL-83461 |Improved performance at
O-ring [dynamic (MIL-H- 83461 275°F over MS28775
5606 &
83282),
pney
O-RINGS FOR FLARED TUBE FITTINGS
MS9020 | Seal, Flared tube Fuel AND- [ANA Bul |AMS-7271} - - - .- -
Q-ring | bosses 10064 1438
MS28778| Packing| Flared tube Hyd, AND- |- -- MIL-G- QPL-5510 |Replaces AN6290
flared bosses pneu 10064 5510
tybe
MS29512| Gasket, | Flared tube Fuel res{ AND- JANA Bul [MIL-P- QPL-5315 |- - -
Q-ring | bosses 10064 {438 5315
NONEXTRUSION RINGS
MSS058 | Ring Teflon backupf All AND- |- - - AMS-38651] - - .- -
for use with 10064
MS28778 O-
ring gaskets
in ftared tube
basses
MS28774| Retainer| Teflon backupj All MIL-P-{- - - MIL-R- None .- -
single {for use with 5514 8791
turn ANG227,
ANG6230,
MS28775,
and MS29561
MS28777| Ring Leather back-{All AND- |- - - MIL-R- QPL-5521 |Replaces AN6281
up for use 10064 5521
with flared
tube bosses

Figure 1-35. Application of O-Rings and Gaskets (Sheet 1 of 2)

1-57



Downloaded from http://www.everyspec.com

TO 00-25-223
PUBLICATION
GOVERNING PROCU-
DESIGN REMENT |QUALIFIED
INSTAL-|STORAGE/|IDENTIFI-{SPECIFI- |PRODUCTS]
NUMBER|NAME |APPLICATION|SYSTEM|LATION |AND USE |CATION {CATION [LIST REMARKS

NONEXTRUSION RINGS (Cont.)

MS28782

Retainer|Teflon backup
for use with
AN6227 and
MS28775

All

MIL-P-
5514

8791

MIL-R- None

In process of
replacing AN6246

MS28783

Ring Teflon backup
for use with
AN6230 and
MS28775

All

MIL-P-
5514

8791

MIL-R- None

Replaces AN6244

MS35803

Retainer|Leather

All

Figure 1-35. Application of O-Rings and Gaskets (Sheet 2 of 2)

FITTING AN62390 (MS28778) ANB227

TUBE DASH

SIZE NO. DASH 1D w DASH iD w
1/8 2 2 0.239 0.064 5 0.239 0.070
3/16 3 3 0.301 0.064 6 0.301 0.070
1/4 4 4 0.351 0.072 7 0.364 0.070
5/16 5 5 0.414 0.072 8 0.362 0.103
3/8 6 6 0.468 0.078 9 0.424 0.103
1/2 8 8 0.644 0.087 12 0.612 0.103
5/8 10 10 0.755 0.097 14 0.737 0.103
3/4 12 12 0.924 0.116 17 0.859 0.139
1 16 16 1.171 0.116 22 1171 0.139
1-1/4 20 20 1.475 0.118 28 1.475 0.210
1-1/2 24 24 1.720 0.118 30 1.725 0.210
1-3/4 28 28 2.090 0.118 33 2.100 0.210
2 32 32 2.337 0.118 35 2.350 0.210
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Figure 1-36. O-Ring Dimensions
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resent size increments, but must be chosen ac-
cording to the required ID and the cross sectional
width of the groove dimension.

1-216. AN6227 O-rings can be identified by two
or three colored dots on the outer diameter, the
number and color of the dots varying between
manufacturers. They are supplied in buna-N
material. Rectangular grooves, as established
in Specification MIL-P-5514, must be used for
ANG6227 O-ring installation. Care must be taken
not to scratch or nick the O-ring. Lubrication
compatible with the system should be employed.
ANG6227 O-rings are not dimensionally the same
as AN6290 O-rings in comparable sizes, and
ANG6227 O-rings are not acceptable substitutes
for AN6290 O-rings in tube fitting applications.

TO 00-25-223

1-217. CHAMFERS. A very important detail in
the design of an O-ring installation is the enter-
ing chamfer (figure 1-38). It ensures proper
assembly of the O-ring. In cases where the
installation of an O-ring requires that it pass
over holes or openings in the bore during as-
sembly, an internal chamfer is necessary to prevent
pinching and cutting. Figure 1-39 illustrates the
type and magnitude of the chamfer for this ap-
plication. This design is to be used only for
ease of assembly and the prevention of O-ring
damage during assembly. It is not to be construed
as an example of an O-ring application in which
the O-ring passes over holes, counter-bores,
shoulders, or other interruptions in the sealing
surfaces. Such applications will result in excessive
extrusions of the O-ring into the area of increased
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Figure 1-37. O-Ring Extrusion
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clearance, allowing the O-ring to be cut or damaged.
This will, in a comparatively short time, result
in leakage. In severe cases, the O-ring can be
completely displaced from the groove and jam
the mechanism.

M

Figure 1-38. Entering Chamfer

Ll
Il

-
,//

Figure 1-39. Internal Chamfer

1-218. NUMBER OF O-RINGS PER GLAND.
Normally, a single gland designed to utilize one
O-ring will produce the most satisfactory results.
The use of two or more O-rings in adjacent glands
can produce pressure traps between the seals.
This is the result of hydraulic fluid or pneumatic
seal lubricant being trapped between the adja-
cent O-rings and a subsequent rise in tempera-
ture, causing thermal expansion of the fluid or
lubricant. This thermal expansion pushes each
O-ring into its extruded position which tightens
the pressure trap, causing increased friction and
further thermal expansion. Such conditions can
cause jamming of the units in service. If the
use of multiple O-rings is required for some de-
sign reason, adequate provisions, such as venting
the space between the O-rings, must be made
to prevent a pressure trap.

1-219. SURFACE FINISH OF GLANDS. The finish
of the surface over which the O-ring seal must
slide is an important factor in producing a satis-
factory seal. The life of the O-ring used for
reciprocating or rotating installations in depen-
dent upon the smoothness of the contacting surface.
The surface finishes in figure 1-40 are recom-

1-60

mended for use in O-ring installations. These
finishes are indicated as surface roughness in
microinches root mean square profilometer reading.

1-220. NONEXTRUSION DEVICES. Hydraulic
backup rings, in accordance with drawing AN6244,
ANG246, MS28774, MS28782, or MS28783, shall
be used in conjunction with AN6227, MS28775,
and M83461/1 O-rings for moving seals at service
pressure from 1,500 psig where desired. Use
of the non-extrusion device at such pressure
prolongs the normal wearing life of the O-ring.
Teflon backup rings have gained widespread usage
due to inert properties toward metal, low fric-
tion characteristics, and ease of installation.

Make certain that backup rings are

compatible with service fluid before
installation (paragraph 1-33).

1-221. INSTALLATION OF NONEXTRUSION
DEVICES. The use of two backup rings in each
gland, one on either side of the O-ring seal,
even through the pressure application is from
one side only is desired in all cases to relieve
service maintenance personnel of the problem
of determining which side of the O-ring the teflon
or leather belongs. Where it is self-evident,
however that pressure can be applied from one
direction only and space limitations to provide
for two rings create a hardship, a single backup
ring may be placed on the side of the O-ring
away from pressure. It is desired that backup
rings not be stretched at installation, particu-
larly in the small sizes. The leather backup
rings shall be used as one continuous ring which
shall not be cut. Leather backup rings should
be installed with the hair (grain) side of the leather
against the O-ring seal and should be lubricated
prior to installation.

1-222. LUBRICATION OF HYDRAULIC SYSTEM
PACKINGS. Static (non-moving) seals do not
require lubrication other than a light film to fa-
cilitate assembly. Double-acting, dynamic O-
ring seals, such as piston head seals, will alter-
nately receive fluid on each side of the seal
and, as a result, will be effectively lubricated.
A light film of hydraulic fluid is recommended to
facilitate assembly. Single-acting, dynamic O-
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O-ring must slide)
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PART OR UNIT SURFACE ROUGHNESS
(IN RIMS)
Cylinder bore or piston rod (diameter over which 15 Maximum

O-ring groove surface

40 Maximum

Static seals (all parts of gland assembly)

40 Maximum

Figure 1-40. O-Ring Gland Surface Finish

ring seals, such as piston rods or valve plunger
seals, will normally receive sufficient lubrica-
tion from fluid carried past the seal by the mov-
ing element in the course of the functional op-
eration of the component. However, where nec-
essary, single-acting, dynamic O-ring seals shall
be lubricated by means of a felt wiper. It is
desired that only Specification MIL-H-5606 fluid
be used to lubricate seals during installation and
assembly of hydraulic components. If other lu-
brication is necessary, only a light coating of
petroleum conforming with Federal Specification
VV-P-236 shall be permitted. Copious use of
this grease must be avoided.

1-223. Felt wipers shall be used only to provide
lubrication. Wherever extended rods are subject
to dust, dirt, or other foreign matter, provisions
shall be made for cleaning the rod with metal
rings in accordance with drawing AN6231 and
installing in accordance with drawing AND-10075.
The felt wiper conforming to drawing ANG232
shall not be used as means of dirt removal, but
shall be augmented with the metal wiper conforming
to drawing AN6231. Whenever a felt wiper con-
forming to drawing AN6232 is used on the same
rod as the metal wiper conforming drawing AN6231,
the design shall provide for free and unrestrained
action of the metal wiper. The two wipers shall
not be used in the same groove in such a man-
ner that the metal wiper would be restricted by
the compression of the felt.

Use of Specification MIL-G-4343 lubricant
for packings in oxygen systems con-
stitutes an explosive hazard. See fig-
ure 1-4 for suitable lubricant.

1-224. LUBRICATION OF PNEUMATIC SYSTEM
PACKINGS. A grease lubricant conforming to
Specification MIL-G-4343 is recommended for
pneumatic system application. Specification MIL-
G-4343 grease must not be used with O-ring
seals that have been previously aged or used
in hydraulic fluid nor must the grease be used
in applications where hydraulic fluid will con-
tact the grease.

1-225. LIMITATIONS OF PNEUMATIC SEAL
LUBRICANTS. Tests to date indicate that greases
are better lubricants than hydraulic fluid for both
running and static seals and are preferable.
Running seal applications will function with
Specification MIL-H-5606 hydraulic fluid as a
lubricant, provided a continuous supply of the
fluid is retained on the seal at all times by use
of a splash-type well, atomizer, or other similar
design suitable to the services. O-rings will abraid,
twist, and fail very rapidly if allowed to run dry,
and friction under such a condition will become
excessive. AN6232 felt wiper rings are recom-
mended over the surfaces on which the seal

must slide.

Continuous evaporation of the light ends
of Specification MIL-H-5606 fluid can
leave a sticky, gummy deposit on the
internal surfaces of the unit.

Grease, to be a suitable lubricant, must be
compatible with the packing material in respect
to injurious effects such as volume swell or
shrinkage, decrease in physical properties, etc,
and must be suitably heat- and cold-resistant
so that softening, flowing, and evaporation does
not take place at temperatures up to 160°F (72°C)
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and that the grease does not become a solid at
-65°F (-54°C). A grease lubricant must be packed
into the O-ring groove (running or static) cover-
ing the O-ring, and spread lightly on the bear-
ing surfaces before assembly of the pneumatic
unit. Dry O-rings should not be assembled into
a unit because friction may damage the O-ring.
The unit should not be operated through several
complete cycles after assembly to spread the
grease over all working surfaces. Tests to date
have indicated Federal Specification AN-G-3
(obsolete) and Specification MIL-G-3278 greases
to be unsuitable due to their injurious effect on
O-ring compounds. Specification MIL-L-7711
grease has been entirely suitable at 1,500 psig
pneumatic pressure through 50,000 continuous
cycles (at 5-1/2 inch strokes) of operation at
120° F (49°C) operating temperature, but will
harden and jam solenoid and other low-operating
torque units at -65°F (-54°C) temperatures. Grease
procured to Specification MIL-G-4343 has proven
suitable through these same tests and is much
better for cold-temperature operations. In all
cases, the Specification MIL-G-4343 grease has
operated the 50,000 cycles without the original
grease being replenished.

1-226. METAL SEALING RINGS. Metal sealing
rings are approved for many applications in which
elastomer seals are not suitable. Metal seals
can be used at temperatures as low as -350° F
and as high as 1200°F, and at pressures from
10-6MM of mercury to 40,000 psig. Metal seal-
ing rings are made for static and dynamic appli-
cations and are also made with coatings of Teflon,
silver and other metals. Metal rings require a
finish of 32 to 5 RMS on the sealing surface
contacted by the ring.

1-227. Several types of metal sealing rings are
manufactured:

a. Vented hollow O-rings are made by
United Aircraft Products, Inc. from
1/32 to 1/4 inch diameter with ring
diameters from 1/4 to 40 inches.

b. Rings with an X cross-section are
made by E. B. Wiggins Oil Tool
Company, with ring diameters of 31
8 to 3 inches.

c. Rings with a U cross-section are made
by Haskel Engineering and Supply
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Company with ring diameters of 1/2
to 6 inches.

1-228. FLANGE -TYPE GASKETS.

1-229. FLAT RING GASKETS. These gaskets
are made of a variety of materials, such as pa-
per, cloth, rubber, compressed asbestos, ingot
iron, nickel, copper, aluminum, and other met-
als, as well as combinations of metals and non-
metals. Their thicknesses normally range from
1/64-inch to 1/8-inch. Widths range from 1/4-
inch upward; narrow gaskets are preferable since
they require lower bolt loads for joint tightness,
but they must not be too narrow or the bolt load
will crush them, if nonmetal, or indent them into
the flange face, if metal. Paper, cloth, and rub-
ber gaskets should not be used for tempera-
tures over 250°F (122°C).  Asbestos may be
employed up to 650°F (346°C] or somewhat higher,
while ferrous or nickel-base metal gaskets are
generally satisfactory for the maximum temperature
the flange themselves will withstand.

1-230. SERRATED GASKETS. These gaskets
are flat metal gaskets having concentric grooves
machined into their faces. With the contact area
reduced to a few concentric lines, the required
bolt load is generally reduced, as compared with
an unserrated gasket and, consequently, an ef-
ficient joint is obtained for applications where
soft gaskets are unsuited. Serrated gaskets are
used with smooth-finished flange faces.

1-231. LAMINATED GASKETS. These gaskets
are made of metal and soft filler (the filler usually
being soft asbestos sheet). In some gaskets
(jacketed-type) the laminations are in the plane
of the flange face; in others (spiral-wound type),
the laminations are formed in an axial or edgewise
direction. Laminated gaskets with asbestos fill-
ers are considered suitable for 100°F (38°C) higher
temperatures than plain asbestos gaskets, and
require less bolt load to compress them than
solid metal gaskets, hence tend to make high-
pressure, high-temperature joints more efficient
than those using flat, solid metal gaskets.

1-232. CORRUGATED GASKETS. These gas-
kets are the least commonly used type, being
intermediate in stiffness between flat nonmetal
and metal gaskets. The ridges of the corruga-
tions again tend to concentrate the gasket loading
along concentric rings. This type is available



Downloaded from http://www.everyspec.com

plain, but, to prevent crushing of the corruga-
tions, it is preferable to use the asbestos-filled
or asbestos-inserted varieties.

1-233. RING JOINT GASKETS. These gaskets
are available in two types, octagonal and oval
cross section, both of which are standardized,
but the former is considered the superior type.
Either may be employed with flat bottom grooves
which are now standard. Such rings are nearly
always made of metal, usually of the softest
carbon steel or iron available. In very high tem-
peratures or severe corrosion service, they may
be made of alloy steel; in such usage, they should
be heat treated to make them as much softer
as possible than the flanges proper. For relatively
low temperatures, rings made of plastic may be
employed to resist corrosion or insulate the joint
from electric currents.

1-234. INDIUM WIRE GASKETS. Indium wire
may be used as a temporary gasket in test sys-
tems. Do not use indium wire in permanent
installations, because the dissimilar metals in
contact with each other may cause a hazardous
condition.

1-235. THREAD SEALS.

1-236. For list of approval lubricants and thread
compounds compatible with oxygen and nitro-
gen see BSD/SSD Exhibit 62-135 dated 15 August
1962.

1-237. Dryseal pipe threads do not require a
sealing material to effect a seal. Most sealing
materials actually exhibit lubricating properties,
allowing the joint to be brought up tighter and
provide a better seal.

1-238. Thread seals are generally classified as
hardening or non-hardening. Litharge and glycerin
is a common hardening type which effects a
good seal, but is almost impossible to break
once it hardens. Two of the non-hardening types
are TFE (Teflon) paste or tapes.

NOTE

Teflon tape, Specification MIL-T-27730,
or other LOX compatible thread seal-
ant, shall be used in oxygen systems.

1-239. The teflon tape or dispersion-type thread
seal has come into universal application in mis-
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sile systems. As indicated in figure 1-4, this
material is suitable for most applications.

NOTE

Teflon tape will not prevent galling of
type 300 stainless steel tapered threads.
Etch the male threads with acid and
tin with soft lead solder without flux.

1-240. DIAPHRAGMS.
When selecting a diaphragm for use
in pressure systems, make certain that
materials used in fabrication of the

diaphragm are compatible with the
service fluid (paragraph 1-32).

1-241. A diaphragm is a dividing membrane. It
spans the gap between two chambers to pre-
vent an interchange of fluid or gas. There are
two types of diaphragms: those that act as a
separator between two fluids, and those that
act as a sealing device between stationary and
moving members and usually transmit a force
or pressure. An example of the first type is
shown in figure 1-41. This diaphragm is not
subjected to pressure or stress since it acts only
as a separator between two fluid chambers. Those
of the second type are dynamic diaphragms used
as sealing membranes and force transmitters
and constitute the most often used group. They
function in the same manner as a sliding-contact
packing and may be separated into two groups:
flat type and rolling type.

1-242. FLAT DIAPHRAGMS. Flat diaphragms do
not remain flat during their working cycle but
at distorted by convolutions formed by fluid
pressure. This distortion requires an elonga-
tion of the cord length of the fabric. Although
flat diaphragms are usually made of flexible
material, their design should avoid elongation
during the working stroke. This can be accom-
plished by the use of convolutions which allow
the diaphragm to flex rather than stretch. Although
diaphragms are usually made of fabric impreg-
nated with an elastomeric sealant of synthetic
rubber and will withstand flexing indefinitely,
stretching may cause fatigue failures.
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Figure 1-41. Flat Diaphragm Used As Separating
Membrane

1-243. When selecting a flat diaphragm for ser-

vice, the following factors should be considered:

a. Length of stroke.

b. Pressure.

c. Area shift.

d. Material compatibility with service fluid.

1-244. Light-duty diaphragms are sometimes made
perfectly flat, and stretching of the diaphragm
material during operation is then unavoidable.
Maximum available stroke is usually seven to
nine percent of the diameter. Heavy-duty, flat
diaphragms have molded-in convolutions that allow
the diaphragm to flex without stretching. Length
of stroke (travel) available on convoluted dia-
phragms (figure 1-42) is approximately twice
convolution height. Travel available on dished
diaphragms is approximately twice the dish height.
There are practical limits to how large the dish
or convolution can be; if convolutions are higher
than diaphragm thickness, molding difficulty in-
creases. Dished diaphragms are usually pro-
portioned 1/4-inch height to 1-inch diameter.

1-245. The diaphragm’s ability to withstand
pressure depends on its design and material.
Its tensile strength is more dependent on fabric
than on elastomer. Tensile strength is also af-
fected by the resilience of the diaphragm. A
resilient material will elongate more with a given
load, causing a reduction in the cross-sectional
area and lowering pressure-bearing ability. Amount
of curvature affects diaphragm strength, as greater
curvature will withstand higher pressure. A full
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DISHED FLAT DIAPHRAGM

Figure 1-42. Flat Diaphragms

semicircular convolution with a 180-degree curve
is the optimum shape. The partial convolution
formed in flat diaphragms is approximately 60
degrees. Fabric stress in a 60-degree convolu-
tion is twice that in a 180-degree convolution.

1-246. The effective pressure area of a flat dia-
phragm is greater at the two ends of its stroke
than at its center. Thus, devices that rely on
proportionate displacement cannot use a flat
diaphragm. The area of any fabric and elas-
tomer diaphragm will be held constant over its
working stroke only if the unsupported area of
the diaphragm maintains a true semicircular cross-
section at the bottom of the convolution. The
convolution formed in flat diaphragms by pressure
reaction, being only a partial semicircular cross-
section in the mean stroke position, changes to
a straight line configuration at both top and bottom
of the stroke. Such variations in the configura-
tion of the unsupported wall are reflected in the
effective pressure area.

1-247. ROLLING DIAPHRAGMS. Rolling dia-
phragms resemble long-travel bellows or radi-
ally sealed hydraulic pistons. Rolling diaphragms
are useful in the following circumstances:

a. If very low hysteresis loss is required.



Downloaded from http://www.everyspec.com

b. If high break-out friction is objec-
tionable, or moving friction must be
kept low.

c. If metal bellows are undesirable be-
cause of spring gradient or inability
to obtain required stroke.

d. If response to slight pressure varia-
tions is required.

e. If leakage in cylinders or actuators
is objectionable, or if the fluid or gas
contains abrasive particles.

The rolling diaphragm has a full 180-degree
convolution. Pressure in the loading chamber
(A, figure 1-43) forces the piston down, and
causes the diaphragm to roll off the piston wall
onto the cylinder wall (B, figure 1-43). The
entire pressure load is thus supported by the
piston head. Contained pressure holds the rolling
diaphragm against the cylinder walls and pis-
ton.

1-248. Rolling diaphragms cannot be used if
pressure on the low-pressure side at any time
exceeds by more than 10 psig pressure on the
high-pressure side. Pressure reversal may cause
sidewall distortion, over-stressing, or scuffing
(figure 1-44). Multiple pleats caused by pres-
sure reversal will not be corrected by applica-
tion of pressure on the high-pressure side, and
operation with pleats will result in early failure.
Special rolling diaphragms are available which
will not create multiple pleats under pressure
reversals.

LOADING l
CHAMBER

DIAPHRAGM

Figure 1-43. Rolling Diaphragm Operation

TO 00-25-223

=HIIIIISIIIN
o%/%/

\.
AMANMIANTIITTN.S.,.

/.v'/ / &

27777,

Figure 1-44. Rolling Diaphragm Scuffing Action

1-249. There are two basic types of rolling dia-
phragms: the top-hat type, in which the convo-
lution is formed by hand during installation, and
the class-C type, with molded convolutions. The
latter usually has less stroke capability than the
former. Each of the two types is available in
four separate rim configurations that have been
arbitrarily grouped into classes (figure 1-45). These
classes are identical, except for the C after the
class-C type number.

1-250. The top-hat type rolling diaphragm re-
quires inversion during installation to form the
convolution. Resiliency may cause the diaphragm
to revert to its original position, resulting in sidewall
scrubbing (figure 1-46). Use of retainer plates
with curved lips prevents such reversion.

1-251. Piston and cylinder eccentricity affects
convolution width. The piston shaft must be
guided, as eccentricity should not exceed ten
percent of convolution width. If the piston shaft
is subjected to torque during assembly, a rotat-
ing slip joint should be used to prevent turning
action from wrinkling the diaphragm. Twist may
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Figure 1-45. Rolling Diaphragm Rim Configuration Classes
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Figure 1-46. Rolling Diaphragm Sidewall
Scrubbing Action

also be applied to the piston by return springs.
If twisting effect is greater than two degrees,
one end of the spring should be supported on a
ball-bearing thrust plate.

1-252. Selection of diaphragm material involves
both fabric and elastomer. Fabrics commonly
used are cotton, dacron, nylon, teflon, or fiber-
glass.
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1-253. Cotton is the most expensive diaphragm
material. Because cotton yarn is formed from
short lengths of fiber, its tensile strength is not
as high as that of filament yarn. Cotton should
not be used at temperatures exceeding 250°F
(122°C).

1-254. Dacron fabric diaphragms are used at
temperatures up to350° F(178°C) without loss
of tensile strength. Dacron filaments can be
treated to increase tensile strength to a degree
just below that of nylon.

1-255. Nylon fabric diaphragms are used at
temperatures up to 300° F (150°C). Nylon pos-
sesses excellent tensile strength. Flange creep,
due to its high elasticity, makes it unsuitable
for some high-pressure use.

1-256. Fiberglass fabric diaphragms are often
used if temperatures exceed 350° F (178°C).
When coated with high-temperature elastomers,
they will withstand 700° F (374°C) for limited
periods. Fiberglass filaments abrade during flexing,
and therefore, when used in diaphragms, must
be treated with high-temperature lubricants.

1-257. Teflon fabric can be used in tempera-
tures up to 400°F (206°C),if tensile stress is
low. Where fiberglass cords are used in combi-
nation with teflon, the teflon forms a lubricating
barrier between the glass filaments.

1-258. Diaphragm fabrics are impregnated with
an elastomer for impermeability. If the elastomer
is porous, or if the center hole in the diaphragm
is not sealed off, wicking of the fluid through
the diaphragm will occur. The elastomer used
in the diaphragm must be compatible with the
required service fluid (figure 1-4).
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1-259. FLEX HOSE.

Hose with an oil or carbon content greater
than 6 percent by weight will not be
used on oxygen equipment.

1-260. GENERAL REQUIREMENTS.

1-261. Flex hose generally conforms to Military
or industrial specifications. A minimum safety
factor of 4 to burst is required unless otherwise
specified in the governing code, Hose of four
general types are available: rubber, teflon, high
density polyethelene and metal.

1-262. RUBBER HOSE. This type is most com-
monly used in hydraulic, pneumatic, fuel, and
instrument air services. Flex rubber hose and
hose assemblies are conveniently classified as
low-, medium-, high-, and superhigh-pressure,
depending on the type of construction. Low-
pressure flex hose is constructed with single
cottonbraid reinforcement and an inner and outer
tube of synthetic rubber. Medium-pressure hose
is constructed with a single wire braid reinforcement.
High-pressure hose has a multiple wire braid
reinforcement. Superhigh-pressure hose is
constructed of combinations of braid and spiral
wrap wire reinforcement or multiple layers of
spiral wrap. Standard rubber hose and assem-
blies are listed in figures 1-47 and 1-48. The
service temperature is generally listed at from
-65° to + 165°F (-54° to + 74°C) for standard
rubber hose, with a 275°F (133°C) maximum
for some special types. Operation outside the
recommended range will result in failure from
brittleness at lower temperatures and life reduction
or failure at higher temperatures. Suppliers’ tables
should be consulted for specific usage of industrial

hose.

Rubber hose will not be used in cryo-
genic systems.

1-263. TEFLON HOSE. Although the require-
ments for medium and high pressure teflon and
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the requirements for medium and high pressure
rubber are basically the same, the teflon hose
has some advantages. These advantages are:
(1) There is no shelf life on teflon hose, (2)
there is no time change on medium pressure
teflon hose, and (3) teflon is chemically inert.
The only disadvantages are the higher cost and
possibility of cold flow at fittings. The hose is
generally classified in the medium pressure range
(3,000 psig maximum). The service tempera-
ture is generally listed at from -65° to + 450°F
(-54° to +234°C). This hose should be specifi-
cally identified to avoid confusion with the metal
hose with a wider service temperature range.
The suppliers’ tables list the maximum working
pressures for the various sizes and pressure
classifications.

1-264. METAL HOSE. High-pressure systems
operating at high or extremely low temperatures
and with corrosive fluids utilize metal-type hose.
The metal hose inner core consists of helical or
annular convolutions of stainless, copper, or other
corrosion-resistant materials. The inner core is
covered with braiding to absorb the load from
the core. The service temperature range is from
-320° to +1,000°F (-197° to +542°C) for 18-8
stainless steel type hose. Suppliers’ tables should
be consulted for specific usage of each type of
hose.

1-265. HIGH DENSITY POLYETHYLENE. This
type hose is designed for use as a component
of high pressure pneumatic ground support
equipment used in aircraft and missile servic-
ing applications. This hose is available in two
pressure ranges: 4,000 psig (Specification MIL-
H-26666) and 8,500 psig (Specification MIL-H-
27462). The service temperature range is-65°
to +160°F. The inner tube consists of a high
density polyethylene compound of seamless
construction and uniform gauge. It is constructed
so as to permit the least possible effusion of
compressed gases. lIts disadvantages are cold
flow at fittings and cost.

1-266. REUSABLE FLEX HOSE FITTINGS. The
reusable or detachable end fitting offers several
advantages to the flex hose user. Hose and
end fittings can be stocked in bulk. This makes
it possible for the user to manufacture hose as-
semblies with hand tools, as they are required.
However, local manufacture of all types and
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TYPICAL (SAE TYPE) INDUSTRIAL HOSE
MEDIUM-PRESSURE HIGH-PRESSURE HIGH-PRESSURE HIGH-PRESSURE SUPERHIGH-PRESSURE
SINGLE-WIRE BRAID DOUBLE-WIRE BRAID 2 SPIRAL AND 4 SPIRAL 6 SPIRAL
1 WIRE BRAID
MAX MAX MAX MAX MAX
WORK- MIN WORK- MIN WORK- MIN WORK- MIN WORK- MIN
HOSE ING BURST | BEND ING BURST BEND ING BURST{ BEND ING BURST|BEND ING BURST | BEND
10 PRESS.| PRESS. | RADIUS |PRESS.| PRESS. | RADIUS | PRESSJ PRESS) RADIUS | PRESS.|PRESS]RADIUS | PRESS. | PRESS.| RADIUS
(INCHES) | (PSIG) | (PSIG} [(INCHES)[(PSIG) | (PSIG) (INCHES) { {PSIG) | (PSIG) | (INCHES)| (PSIG) |(PSIG) [(INCHES)| (PSIG) [ (PSIG) | (INCHES)
/16 {3,000 12,000 3
174 2,500 10,000 { 3-3/8 4,500 | 18,000 4 7.000 28,000 4 { 8,750 [ 35,000 5 11,250 | 45,000 5
6/16 [2,250 9,000 4
3/8 3,500 { 14,000 5 5,500 {22,000 5 { 7,500 { 30,000 6 10,000 { 40,000 6
13/32 2,000 8,000 [ 4-5/8
172 1,750 7,000 {6-1/2 3,000 | 12,000 7 5,000 {20,000 6 [ 6,250 | 25,000 8 7.500 | 30,000 8
5/8 |1.500 6,000 | 6-1/2
3/4 2,280 9,000 8-1/2 4,000 {16,000 9-1/2 | 5,000 | 20,000 10 6,250 | 25,000 10
718 800 3,200 | 7-3/8
1 1,876 7,500 11 3,250 |13,000 12 { 4,000 | 16,000 12 6,000 | 20,000 12
1-1/8 625 2,500 9
1-1/4 1,626 6,500 16 2,500 10,000 16-1/2 { 3,000 { 12,000 18 3,600 | 14,000 18
1-3/8 500 2,000 [10-1/2
1-172 1,250 5,000 20 2,250 { 9,000 20 | 2,500 { 10,000 22 3,000 | 12,000 22
1-13/16 350 1,400 [13-1/4
2 1,000 4,000 22 2,000 | 8,000 25 | 2,500 | 10,000 27 3,000 [ 12,000 27

Figure 1-48. Standard Industrial Flexible Hose

configurations of hose assemblies is not autho-
rized. The applicable hose specification should
be consulted to determine if local manufacture
is permissible. When using 3/8-inch I.D. or smaller
hose for low pressure (250 P.S.l. or less) appli-
cations, the use of Imperial -Eastman Type C4
hose or equal with Imperial-Eastman series FN
reusable couplings or equal is permissible.

1-267. The crimping and swaging pressures of
spiral wrap superhigh-pressure flex hoses ex-
ceed those used on wire-braid type hose. Two-
piece, screw-type reusable hose fittings are
available for the two-spiral, one-braid hose. Clamp-
type hose fittings are required for four- and six-
spiral types.

1-268. PRESSURE GAGES.

1-269. CONSTRUCTION. In all gauge designs
some type of bourdon device is used to trans-
late pressure into mechanical motion. U shaped
and helical capillary bourdons are the two most
prevalent types. In the former, unequal expan-
sion of the bourdon is transmitted by gears and

levers to the dial indicator. The helical bourdon
is directly coupled to the indicator hand since
its expansion produces a rotary moment as it
tries to “uncoil’. The latter is used extensively
wherever severe vibration is encountered. Nei-
ther design is rupture proof although the helical
can withstand greater pressures due to its small
cross sectional area and relative wall thickness.

1-270. CONSIDERATIONS. Gauges must be
considered a vulnerable and relatively weak part
of a pressure system. Owing to their construction
they seldom attain the desired minimal safety
factor of 4, but designs are available which
minimize risks to personnel in the event of bourdon
failure. The ideal employs a heavy case with
an integral wall behind the dial and face. A
vent is provided to allow system depressurization
away from the expected viewing area. The wall
serves to contain pressure and prevent the ex-
pulsion of dial and face. This design is consid-
ered most desirable for medium and high pressure
service and conforms to MIL-G-18997 and MIL-
S-901. Another design employs a blowout vent
and heavy plastic face or lens. The use of win-
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dow glass and blowout vent is the least desir-
able and should be avoided.

1-271. Gages shall be installed with a minimum
of 1/2-inch clearance if a backing plate is used,
or, if the gage is installed flush with the back-
ing plate, a hole slightly larger than the blowout
disk shall be drilled through the plate in line
with the blowout disk.

1-272. Where gages are subjected to surge
pressures above the normal range, a pulsation
dampener, an orifice plate, or other device shall
be installed at the gage inlet connection.

1-273. Gages should be selected with graduations
approximately double the average working pressure
of the system in the nearest standard range.
The gage will last longer and is much easier to
read with the pointer near the top center of the
dial.

1-274. The Bourdon-tube type gage is available
in phosphor bronze, alloy steels, “K” monel,
stainless steels, and beryllium copper tube ma-
terials. Select the proper material and joint type
for the service fluid.

I-275. VALVES AND REGULATORS.

Valve and regulator selection and all repairs
and adjustments shall be in accordance with
TO 00-25-229.

1-276. GENERAL VALVE RULES.

1-277. The following general rules should be
adhered to when valves are selected or operated:

a. All major valve repairs and adjust-
ments must be performed by com-
petent laboratory personnel.

b. Relief valves should be tagged with
check dates and must be returned
for periodic recalibration. Calibrated
relief and reset pressures and the
next calibration date shall appear on
the tag.

c. High-pressure valves are precision
instruments and can be easily dam-
aged by improper handling. They
should never be forced.
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d. Valves should be used only under
the pressure and service conditions
stamped on the body. Use valves
in service other than specified only
after careful consideration of com-
patibility.

e. Packing gland nuts and flange nuts
should not be tightened while the
system is pressurized.

f. Safety wires should never be cut and
the thermo-dip should never be re-
moved from valves by other than
calibration laboratory personnel.

1-278. VALVE TYPES. (Refer to TO 00-25-229
for all valves and regulators.)

1-279. The many and varied pneumatic and hy-
draulic systems require many types of valves.
Each valve type has some characteristics which
make it suitable for a particular service. When
a valve is chosen for service, consideration must
be given to such factors as pressure limitation,
temperature, response time, corrosivity of flu-
ids, frequency of use, power source, and reli-
ability. The following descriptions and illustra-
tions represent the most used valves. Refer to
TO 00-25-229 for additional information.

1-280. GATE VALVES. The major advantage
of a gate valve (figure 1-49) is that it allows
unrestricted fluid flow. As the gate valve with
its large body cavity around the stem could re-
sult in trapping of liquefied gases in the valve,
a conversion is necessary in liquefied gas ser-
vice. The normal metal-to-metal seat seals by
a wedging action and hard shutoff forces are
not apt to damage the trim.

1-281. Another version of the gate valve is one
that utilizes an O-ring seal. The use of the O-
ring makes it unusable in liquefied-gas service.
This valve is in the 3,000 psig pressure range.
Sealing is independent of shutoff forces.

1-282. GLOBE VALVES. One supplier manu-
factures a globe valve (figure 1-49) which is
furnished in a variety of sizes, trim, connec-
tions, and operating pressures. Stem packing
is normally of chevron teflon or braided teflon.
Some valves use metal-to-metal trim, but a metal
plug and a teflon seat are more common. Operation
of this valve is accomplished by a non-rising
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manual handle or by a pneumatic cylinder, ei-
ther of which can be attached to a basic valve.
The current models have two types of pneumatic
cylinders. the normally closed (NC) and the normally
open (NO), while the older models used the same
cylinder and inverted trim in the valve. The
pneumatic cylinder is generally limited to 150
psig maximum actuating pressure.

1-283. A popular type of globe valve is the O-
ring seat seal. Sealing of the valve is accom-
plished by an O-ring rather than by the stan-
dard trim of plug and seat. Further tightening
after the O-ring has entered the seat will cause
a metal plug to contact the seat. Tightening
beyond this point may result in seat damage,
and damage is certain if strong hand pressure
is exerted on the valve handle. Damage to the
seat causes scuffing of the O-ring during opening
and closing with subsequent leakage past the
O-ring seal. This valve is available in 1/4-, 3/8,
and 1/2-inch sizes for working pressures to 3,000
psig. An O-ring is also used around the stem,
eliminating stuffing box difficulties.

1-284. The needle valve (figure 1-49) is a modi-
fication of a globe valve and is preferable for
high pressures (in excess of 6,000 psig). The
stem is tapered to form a plug and the seat is
built with a very small plug contact area. This
small contact area in the trim results in high
seating pressure from a relatively small force
on the stem. Any undue force applied to the
valve handle will damage the trim. Two-finger
shutoff is sufficient for this type of valve.

1-285. SOLENOID VALVES. Solenoid valves
(figure 1-50) are actuated by electrical energy.
A direct-acting solenoid valve is one in which
the opening and closing are controlled directly
by the solenoid. A pilot-operated solenoid valve
is one in which the solenoid controls the flow of
a small portion of the fluid which is used, in
turn, to operate the valve. This has the advan-
tage of using less electrical current to operate
the smaller solenoid. The pilot-operated valve,
however, requires a certain minimum fluid pres-
sure before it will open or close.

1-286. EXPANSIBLE TUBE VALVES. The valve
illustrated in figure 1-51, is an example of the
expansible tube-type of valve. It is designed to
be operated by pressure from the upstream inlet,
a solenoid valve being used to control the upstream
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fluid pressure which actuates the valve. The
pressure is equal on both sides of the expan-
sible tube, but greater area is exposed to fluid
pressure on the outside surface. The valve will
stay closed while control pressure is on. Vent-
ing the control pressure allows the tube to ex-
pand and the valve to open.

1-287. CHECK VALVES. Check valves (figure
1-51) operate on differential pressure and allow
flow in one direction only.

1-288. RELIEF VALVES (BACK PRESSURE
REGULATORS). The typical relief valve (figure
1-51) utilizes a preset spring pressure to pre-
vent valve opening. These settings and read-
justments must be made by an authorized labo-
ratory. These valves have tolerances of two
psig through 70 psig settings and three percent
for settings over 70 psig. They must prevent
the pressure from rising 10 percent above the
maximum working pressure. The trim consists
of metal-to-metal, O-ring, or soft-disk type seat
and plug combinations.

1-289. One type of relief valve utilizes a small
volume regulator body. It is important that these
valves be identified, vented to atmosphere, and
not used as a regulator in a closed system.

1-290. BURST DIAPHRAGM. The burst diaphragm
(figure 1-51) or safety head is a valve used to
prevent excessive pressures or to allow flow at
a predetermined pressure. The diaphragms are
fragile and care must be exercised on installa-
tion to prevent creases, bends, or cuts; clamping
surfaces must be kept free of dirt or grit. Dia-
phragms are installed so that the pressure is
on the concave side. Since they are rated at a
particular temperature (usually 72° F (22°C), the
burst pressure must be redetermined for use at
other temperatures. Burst diaphragm installa-
tion must be supported for recoil. Vent lines
must be positioned so that fluids are carried
away from personnel. Diaphragms should be
periodically replaced, depending on pressure cycles.
Those subject to atmospheric conditions should
be procured with an approved protective coat-
ing, to prevent corrosion. Diaphragms should
not be operated at pressures above 66 percent
of their burst pressure.

1-291. PRESSURE REGULATOR.

1-71
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1-292. An orifice will regulate pressure under
conditions of dynamic flow, but will not function
under static conditions. A constant bleed through
a relief valve will regulate pressure but is wasteful.
Automatic valving incorporating a diaphragm to
regulate pressure under dynamic or static con-
ditions is widely used.

1-293. LARGE VOLUME PRESSURE REGULA-
TOR. The dome-type pressure regulator (figure
1-52) is made in three basic sizes, with additional
valve trim variations in each series. The dome,
which controls the pressure on the diaphragm
and thus regulates the pressure, can be either
internally or externally loaded. External loading
is usually done with a small volume regulator.
This allows easy setting of the downstream
regulated pressure. The large volume regulators
are normally internal sensing through the large
impulse connection, but can be converted to the
use of an external sensing line. The dome loading
inlets are usually plumbed with 1/8-inch NPT
threads, but some are tapped for 3/16-inch tub-
ing fittings with a straight AN thread and O-ring
seat.

1-294. INTERMEDIATE FLOW PRESSURE
REGULATOR. The dome-type pressure regula-
tor (figure 1-52) is available as a reducing and
relief valve in 1/2-, 3/4-, and Il-inch end connections.
The operation of this regulator is similar to the
dome regulator with the addition of a relief port
which will vent off downstream pressure in excess
of the static loading.

1-295. SMALL VOLUME PRESSURE REGULA-
TOR. The hand loader is a small volume regu-
lator (figure 1-52) commonly used in conjunc-
tion with a large volume regulator to set the
static dome pressure. This regulator is avail-
able in many models with various inlet pressures
(1,000 to 6,000 psig) and regulated outlet pres-
sures (1 to 3,100 psig). These values are stamped
on the regulator body.

1-296. The sensitivity of the hand loader is a
function of the bleed adjustment, which corrects
minor deviations beyond the scope of the main
diaphragm spring. This bleed is adjustable by
the small screw under the acorn nut. The bleed
screw should be so adjusted that the bleed sound
is just audible at a distance of three feet with
the hand loader set at its working pressure. In-
correct adjustment, while not dangerous in it-
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self, causes a loss in sensitivity and a fluctua-
tion in the output of the large volume regulator.

1-297. PRESSURE REGULATION SYSTEM.

1-298. The hand loader (figure 1-52) regulates
the static pressure to the dome of the large
regulator. The pressure in the dome actuates
the regulator valve which maintains a constant
pressure downstream of the regulator. Increas-
ing dome pressure opens the regulator valve
and increases downstream pressure, but decreasing
dome pressure closes the regulator valve and
will not decrease the downstream regulated
pressure. For decreasing downstream regulated
pressure, a manual vent valve must be opened.

1-299. It is important to note that only the
downstream pr