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FOREWORD

1. This standard defines the Government’s requirements and expectations for contractor
performance in defense system acquisitions and technology developments.

2. This new-issue SMC standard comprises the text of The Acrospace Corporation report
number TOR-2003(8583)-2896.

3. Beneficial comments (recommendations, changes, additions, deletions, etc.) and any
pertinent data that may be of use in improving this standard should be forwarded to the following

addressee using the Standardization Document Improvement Proposal appearing at the end of this
document or by letter:

Division Chief, SMC/EAE
SPACE AND MISSILE SYSTEMS CENTER
Air Force Space Command
483 N. Aviation Blvd.
El Segundo, CA 90245

4. This standard has been approved for use on all Space and Missile Systems

Center/Air Force Program Executive Office - Space development, acquisition, and
sustainment contracts.
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1. Introduction

11 Scope

This standard establishes the baseline requirements for the design, fabrication, assembly,
installation, test, inspection, operation, and maintenance of pressure systems used in spacecraft
and launch vehicles. It deals primarily with the interfaces between components within the
pressure system, interfaces between the pressure system and other spacecraft or launch vehicle
systems, and the function of the system. These requirements, when implemented on a particular
pressure system, will assure a high level of confidence in achieving safe and reliable operation.

1.2 Application

This standard is applicable to all pressure systems installed and operated in spacecraft, launch
vehicles and other space systems. The pressurized system shall be assembled from pressure
vessels and/or pressurized structures with the associated pressure components including lines,
fittings, valves, bellows and hoses which are designed and tested per the requirements specified
in the companion standards ANSI/AIAA S-080, S-081 and S-94 as appropriate.

The requirements specified in this standard may be tailored for specific programs with the
approval of the appropriate approval authority.

2. Referenced Documents

The latest issue of the following are references for establishing pressurized system designs,
analyses, demonstrations, and tests.

2.1 Government Documents

MIL-HDBK-5 Military Handbook, Metallic Materials and Elements for Aerospace Vehicle
Structures

MIL-STD-1472 Military Standard, Human Engineering Design Criteria for Military Systems,
Equipment, and Facilities

MIL-E-6051 Electromagnetic Compatibility Requirements
NSS 1740.15 NASA Safety Sandard for Oxygen and Oxygen Systems
NSS1740.16 NASA Safety Sandard for Hydrogen and Hydrogen Systems

CINDAS/USAF Aerospace Structural Metals Handbook



2.2 Non-Government Documents

ANSI/AIAA S-080-1998 American National Standard, Space Systems — Metallic Pressure
Vessels, Pressurized Structures, and Pressure Components

ANSI/AIAA S-081-2000 American National Standard, Space Systems — Composite
Overwrapped Pressure Vessels (COPVs)

ANSI/AIAA S-089-200X (Draft) American National Standard, Space Systems — Composite
Pressurized Structures

ASME Code Unfired Pressure Vessels, Appendix M, UA 354



3. Vocabulary

3.1 Abbreviationsand Acronyms

COPV Composite Overwrapped Pressure Vessel
MAP Maximum Allowed Pressure

MAWP Maximum Allowed Working Pressure
MDP Maximum Design Pressure

MEOP Maximum Expected Operating Pressure
MOP Maximum Operating Pressure

NDE Nondestructive Evaluation

NDI Nondestructive Inspection

QA Quality Assurance

3.2 Definitions

The following definitions of significant terms are provided to ensure precision of meaning and
consistency of usage. Inthe event of aconflict, the definitions listed here apply.

Applied Load (Stress): The actua load (stress) imposed on the pressurized hardware item in
the service environment.

Burst Pressure: The pressure level at which rupture or unstable fracture of the pressurized
hardware item occurs.

Component: A functional unit that is viewed as an entity for the purpose of analysis,
manufacturing, maintenance, or record keeping.

Critical Condition: The most severe environmental condition in terms of loads, pressures,
and temperatures, or combinations thereof, imposed on systems, subsystems, and components
during service life.

Design Burst Pressure: A pressure that the pressurized hardware must withstand without
rupture in the applicable operating environment. It is equal to the product of the maximum
expected operating pressure (MEOP) and a design ultimate (burst) factor.

Design Safety Factor: A multiplying factor to be applied to limit loads and/or MEOP for
purposes of analytical assessment and/or test verification of structural adequacy.

Detrimental Deformation: The structural deformation, deflection, or displacement that
prevents any portion of the structure from performing its intended function, or that reduces the
probability of successful completion of the mission.



Fittings: Pressure components of a pressurized system utilized to connect lines, other pressure
components and/or pressure vessels within the system.

Hazard: Anexisting or potential condition that can result in an accident.

Hydrogen Embrittlement: A mechanical-environmental failure process that results from the
initial presence or absorption of excessive amounts of hydrogen in metas, usualy in
combination with residual or applied tensile stresses.

Limit Load: The maximum expected external load or combination of loads, which a structure
may experience during the performance of specified missions in specified environments.
When a statistical estimate is applicable, the limit load is that load not expected to be exceeded
at 99% probability with 90% confidence.

Lines: Tubular pressure components of a pressurized system provided as a means for
transferring fluids between components of the system. Flexhoses are included.

Loading Spectrum: A representation of the cumulative loading anticipated for the hardware
under all expected operating environments. Significant transportation and handling loads are
included.

Maximum Allowed Working Pressure (MAWP): The maximum pressure a component is
designed to withstand safely and continue to operate normally when installed in any system.

Maximum Design Pressure (MDP): The highest possible operating pressure considering
maximum temperature, maximum regulator pressure, and, where applicable, transient pressure
excursions.

Note 1. MDP for Space Shuttle is atwo failure tolerant pressure, i.e., will accommodate any combination of two
credible failures that will affect pressure during association with the Space Shuttle.

Note 2: MDP aso accommodates the maximum temperature to be experienced in the event of an abort of Space
Shuttle to a site without cooling facilities.

Maximum Expected Operating Pressure (MEOP): The maximum pressure which the
pressurized hardware is expected to experience during its service life, in association with its
applicable operating environments. Generally in this standard, the use of the term MEOP
means MEOP, maximum design pressure (MDP), maximum operating pressure (MOP), or
MAWP as appropriate for a specific application or program.

Maximum Operating Pressure (M OP): MOP is synonymous with MEOP.

Pressure Component: A component in a pressurized system, other than a pressure vessel,
pressurized structure, or special pressurized equipment that is designed largely by the interna
pressure. Examples are lines, fittings, gauges, valves, bellows, and hoses.

Pressurized Structures: Structures designed to carry both internal pressure and vehicle
structural loads. The main propellant tank of alaunch vehicleisatypical example.



Pressurized System: A system that consists of pressure vessels, or pressurized structures, or
both, and other pressure components such as lines, fittings, valves, and bellows that are
exposed to and structurally designed largely by the acting pressure. Not included are electrical
or other control devices required for system operation. In this standard, this term also means
pressurized subsystem.

Proof Factor: A multiplying factor applied to the limit load or MEOP, MDP, or MAWP to
obtain proof load or proof pressure for use in the acceptance testing.

Proof Pressure: The proof pressure is used to give evidence of satisfactory workmanship and
material quality and/or establish maximum initial flaw sizes for safe-life demonstration. It is
equal to the product of MEOP, MDP or MAWP and a proof factor.

Service Life: The period of time (or cycles) starting with the manufacturing of the pressurized
hardware and continuing through all acceptance testing, handling, storage, transportation,
launch operations, orbital operations, refurbishment, re-testing, reentry or recovery from orbit,
and reuse that may be required or specified for the flight pressure system.

Ultimate Load: The product of the limit load and the ultimate design safety factor. It isthe
load which the structure must withstand without rupture or collapse in the expected operating
environments.



4, General Requirements

This section presents the genera requirements for the design, analysis, material selection and
characterization, fabrication and process control; quality assurance, operation and maintenance,
including repair, refurbishment; and storage for pressurized systems. The specific
requirements for each type of pressurized system are presented in Section 5.

4.1  System Analysis Requirements

411 System Pressure Analysis

A thorough analysis of the pressurized system shall be performed to establish the correct
MEOP*, leak rates, etc. The effect of each other component operating parameters on the
MEOP shall be determined. When applicable, pressure regular lock-up characteristics, valve
actuation and water hammer shall be considered for the entire service life of the pressure
system.

*Note: Throughout this standard, limit load and MEOP are used as the baseline external load and internal
pressure. Theterms, MAWP or MDP are used when required to replace MEOP.

412 System Functional Analysis

A detailed system functional analysis shall be performed to determine that the operation,
interaction, and sequencing of components within the pressurized system are capable of
supporting al required actions and shall not lead to damage to flight hardware or ground
support equipment. The analysis shall identify all possible hardware malfunctions, software
errors, and personnel errors in the operation of any component that may create conditions
leading to an unacceptable risk to operating personnel or equipment. The analysis shall
evaluate any secondary or subsequent occurrence, failure, component malfunction, or software
errors, initiated by a primary failure that could result in an unacceptable risk to operating
personnel or equipment.

The analysis shall also show that:

1. All pressures are maintained at safe levels in the event any process or control sequence
isinterrupted at any time during test or countdown;

2. Redundant pressure relief devices have mutually independent pressure escape routes
during all stages of operation;

3. When the hazardous effects of safety critical failures or malfunctions are prevented
through the use of redundant components or systems, it shall be mandatory that all such
redundant components or systems are operational prior to the initiation of irreversible
portions of safety critical operations or events.



413 System Hazard Analysis

A system hazard analysis shall be performed on all hazardous pressurized system hardware, to
identify hazards to personnel and facilities. All pre-launch and launch operations and
conditions shall be included in the analysis. The results of the system functiona analysis shall
be used in the system hazard analysis to ensure that all operations and configurations are
accounted for in the system hazard analysis.

Hazards identified by the analysis shall be designated safety critical and shall require mitigation
by one or more of the following:

1. Design modifications to eliminate the hazard;
2. Operating restrictions to minimize personnel exposure during hazardous periods,
3. Specific hazard identification and procedural restrictions to avoid hazardous conditions;

4. Special safety supervision during hazardous operations and systems configurations.

4.2  Design Requirements

The general design requirements for a pressurized system are delineated in the following
sections.

421 Loads, Pressures, and Environments

The anticipated |oad-pressure-temperature history and other associated environments
throughout the service life of the pressurized system shall be determined in accordance with
specified mission requirements. As a minimum, the following factors and their statistical
variations shall be considered as appropriate:

1. Theenvironmentally induced loads and pressures;

2. The environments acting simultaneously with these loads and pressures with their
proper relationships;

3. The frequency of application of these loads, pressures, environments, and their level
and duration.

These data shall be used to define the design load/environment spectra, which shall be used for
both design, analysis and testing. The design spectra shall be revised as the structural design
develops and the loads analysis matures.

422 Strength

Pressurized systems shall possess sufficient strength at their component interfaces,
attachments, tie-downs, and other critical points to withstand limit loads and MEOP in the
expected operating environments throughout the service life without experiencing detrimental



deformation. It shall sustain system level proof pressure without incurring detrimental
deformation. It shall also withstand ultimate loads and design burst pressure in the expected
operating environments without experiencing rupture or leakage.

423 Stiffness

The mounting and arranging of all components in the pressurized system shall provide
adequate stiffness to restrain destructive vibration, shock, and acceleration, and to prevent
excess stresses at the interface between components and at mounting brackets when subjected
to limit loads, MEOP, and deflections of the supporting structures in the expected operating
environments. Sufficient compliance shall be provided between connected components to
prevent excessive stresses at their interfaces from the combined effects of limit loads, MEOP,
and deflections of the supporting structures in the expected operating environments.

424 Thermal Effects

Thermal effects, including heating and cooling rates, temperatures, thermal gradients, thermal
stresses and deformations, and changes with temperature of the physical and mechanical
properties of the material of construction shall be factored into the design of the flight pressure
system. Thermal effects shall be based on temperature extremes that simulate those predicted
for the operating environment plus a design margin.

425 StressAnalysis

A detailed stress analysis shall be performed on the assembled and installed pressurized system
to demonstrate acceptable stress levels and deflections at the interfaces between components, at
component attachments and tie-downs to support structure, and at other critical points in the
system. The effects of flexure of lines, pressure vessels, and supporting structures being acted
on by the loads pressures and environments shall be accounted for in the analysis.

4.2.6 Fatigue Analysis

In addition to the stress analysis, conventiona fatigue-life analysis shal be performed, as
appropriate, on the unflawed pressurized system. Nominal values of fatigue-life (S-N) data
shall be used in the analysis. A scatter factor of four shall be applied to the service life.

43 Material Requirements

431 MetallicMaterials

Metallic materials used in the assembly and installation of pressurized system components
shall be selected, evaluated, and characterized to ensure all system requirements are met.

4311 Metallic M aterial Selection

Metallic materials shall be selected on the basis of proven environmental compatibility,
material strength, and fatigue characteristics. Unless otherwise specified, "A" basis alowable
materials shall be used in any application where failure of a single load path would result in



loss of structural integrity to any part of the pressurized system. For applications where failure
of a redundant load path would result in a safe redistribution of applied loads to other load-
carrying members, "B" basis allowable materials may be used.

43.1.2 Metallic M aterial Evaluation

The selected metallic materials shall be evaluated with respect to material processing,
fabrication methods, manufacturing operations, refurbishment procedures and processes, and
other factors which affect the resulting strength and fracture properties of the material in the
fabricated as well as the refurbished configurations.

The evaluation shall ascertain that the mechanical properties, strengths, and fatigue properties
used in design and analyses will be realized in the actual hardware and that these properties are
compatible with the fluid contents and the expected operating environments. Materials which
are susceptible to stress-corrosion cracking or hydrogen embrittlement shall be evaluated by
performing sustained load fracture tests when applicable data are not available.

4313 Metallic M aterial Char acterization

The allowable mechanical and fatigue properties of al selected metallic materias shall be
obtained from reliable sources such as MIL-HDBK-5, Aerospace Sructural Metals Handbook,
and other sources approved by the procuring agency. Where material properties are not
available, they shall be determined by test methods approved by the procuring agency.

4.3.2 Non-metallic Material Requirements

Non-metalic materials used in the assembly and installation of flight pressure system
components shall be selected, evaluated, and characterized to ensure their suitability for the
intended application.

44  Fabrication and Process Control Requirements

Proven processes and procedures for fabrication and repair shall be used to preclude damage or
material degradation during material processing, manufacturing operations, and refurbishment.
In particular, special attention shall be given to ascertain that the melt, welding, bonding,
forming, joining, machining, drilling, grinding, and repair operations, etc., processes as applied
to joining systems components and hardware and attaching mounting hardware are within the
state-of-the-art and have been used on similar hardware.

The mechanical and physical properties of the parent materials, weld-joints and heat-affected
zones shall be within established design limits after exposure to the intended fabrication
processes. The machining, forming, joining, welding, dimensional stability during thermal
treatments, and through-thickness hardening characteristics of the material shall be compatible
with the fabrication processes to be encountered.

Special precautions shall be exercised throughout the manufacturing operations to guard
against processing damage or other structural degradation.



Bonding, clamping, and joining at the interfaces and mountings of the flight pressure systems
shall all be controlled to ensure that all requirements are met.

4.5

Contamination Control and Cleanliness Requirements

Required levels of contamination control shall be established by the actual cleanliness needs
and the nature of the flight pressure system and its components. Contamination includes solid,
liquid, and gaseous materia unintentionally introduced into the system. General contamination
control requirements are as follows:

1.

3.

Protection from contaminants shall be provided by adequate filtration, sealed modules,
clean fluids, and clean environment during assembly, storage, installation, and use;

The design shall allow for verification that the lines and components are clean after
flushing and purging;

The design shall ensure that contaminants and waste fluids can be flushed and purged.

The following considerations shall be factored into the design of flight pressure systems to
minimize and effectively control contamination:

1.

2.

3.

10

Contamination shall be prevented from entering or devel oping within the system;
The system shall be designed to include provisions to detect contamination;

The system shall be designed to include provisions for removal of contamination and
provisions for initial purge with fluid or gas that will not degrade future system
performance;

The system shall be designed to be tolerant of contamination;

All pressurizing fluids entering the safety critical system shall be filtered through a 10
micron filter, or finer, before entering the system;

All pressure systems shall have fluid filters in the system, designed and located to
reduce the flow of contaminant particles to a safe minimum;

All of the circulating fluid in the system shall be filtered downstream from the pressure
pump, or immediately upstream from safety critical actuators,

Entrance of contamination at test points or vents shall be minimized by downstream
filters;

The bypass fluid or case drain flow on variable displacement pumps shall be filtered;



10. When the clogging of small orifices could cause a hazardous malfunction or failure of
the system, they shall be protected by a filter element designed to prevent clogging of
the orifice. Note that thisincludes servo valves.

4.6  Quality Assurance Program Requirements

A quality assurance (QA) program shall be established to ensure that the product and
engineering requirements, drawings, material specifications, process specifications,
workmanship standards, design review records, failure mode analysis, NDI, and acceptance
tests are effectively used to ensure that the completed flight pressure system meets its specified
requirements. The program shall ensure that materials, parts, subassemblies, assemblies, and
all completed and refurbished hardware conform to applicable drawings and process
specifications;, that no damage or degradation has occurred during material processing,
fabrication, inspection, acceptance tests, shipping, storage, operational use and refurbishment;
and that defects that could cause failure are detected, evaluated, and corrected.

4.6.1 QA Program Inspection Plan Requirements

An inspection master plan shall be established prior to start of system assembly and
instalation. The plan shall specify appropriate inspection points and inspection techniques for
use throughout the program, beginning with material procurement and continuing through
fabrication, assembly, acceptance test, operation, and refurbishment, as appropriate. In
establishing inspection points and inspection techniques, consideration shall be given to the
material characteristics, fabrication processes, design concepts, and structural configuration.
Acceptance and rejection criteria shall be established as part of the plan for each phase of
inspection and for each type of inspection.

4.6.2 QA Inspection Technique Requirements

Inspections shall include both visual inspection with appropriate magnification and NDI as
necessary.

4.6.3 QA Ingpection Data Requirements
At aminimum, inspection data shall be dispositioned as follows:

1. Inspection data in the form of flaw histories shall be maintained throughout the life of
the flight pressure system.

2. These data shall be periodically reviewed and assessed to evaluate trends and anomalies
associated with the inspection procedures, equipment and personnel, material
characteristics, fabrication processes, design concept, and structural configuration.

3. Theresult of this assessment shall form the basis of any required corrective action.
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4.6.4 Acceptance Test Requirements

All newly assembled flight pressurized systems shall pass a proof pressure test, a leak test, a
bonding and grounding test, and a functional test, in that order, prior to first use. This test
sequence shall be repeated after arrival at the launch processing facility.

4.6.4.1  Proof Pressure Test Requirements

The flight pressurized system shall be tested at the system level proof pressure level prior to
first use. For systems with zones operating at different pressures, each zone shall be tested to
its proof pressure level. Proof pressure testing shall demonstrate that the flight pressure system
will sustain proof pressure without distortion, damage, leakage, or loss of functionality.

The minimum proof test factor and the corresponding design burst test factor for the typical
pressure vessels, pressurized structures and the pressure components including lines and
fittings, fluid return sections, fluid return hoses, are shown in Table 4-1.

Table4-1. Minimum Test Factorsfor Componentsin Pressurized Systems

Type of Components Proof | Design Burst

Pressure Vessel 1.25 15
Pressurized Structure 1.10 1.25
Line and Fitting Diameter < 1.5in 15 4.0

Diameter > 1.5in. 15 25
Fluid Return Section 15 3.0
Fluid Return Hose 15 5.0
Other Pressure Components 15 25

Note: 1. MEOP isthe baseline external and internal pressure
2. Pressure components subject to low or negative pressures shall be
evaluated at 2.5 times MEOP during service life.

46.4.2 Leak Test Requirements

The flight pressurized system shall be leak tested at the system MEOP prior to first use. For
systems with zones operating at different pressures, each zone shall be at its MEOP for the leak
test. The gas used during the leak test shall be the same as the system operating fluid to the
best extent possible. For systems or zones intended to be filled with a liquid, a suitable leak
check gas shall be used.

For systems intended to operate with hazardous fluids, a non-hazardous gas may be substituted.
All mechanical connections, gasket joints, seals, weld seams, and other items susceptible to
leakage shall be tested. The leak rates through fill and drain valves, thruster valves, and
pressure relief valves shall be measured and verified within specification. Any method
demonstrated capable of detecting and/or measuring leakage is acceptable.
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4.7  Operation and M aintenance Requirements

4.7.1 Operating Procedure

Operating procedures shall be established for the pressurized system. The procedures shall be
compatible with the safety requirements and personnel control requirements at the facility
where the operations are conducted. Step-by-step directions shall be written with sufficient
detail to allow a qualified technician or mechanic to accomplish the operations. Schematics
that identify the location and pressure limits of all components and their interconnectionsinto a
system shall be included in the procedure or available at the timeit isrun.

Prior to initiating or performing a procedure involving hazardous operations with flight
pressure systems, practice runs shall be conducted on non-pressurized systems until the
operating procedures are well rehearsed. Initial tests shall then be conducted at pressure levels
not to exceed 50 percent of the normal operating pressures until operating characteristics can
be established and stabilized. Only qualified and trained personnel shall be assigned to work
on or with high pressure systems. Warning signs identifying the hazards shall be posted at the
operations facility prior to pressurization.

4.7.2 SafeOperating Limit

Safe operating limits shall be established based on the pressure capabilities of all components
and the affects of assembly into a completed system. For flight pressure systems with several
regions operating at different pressure levels, safe operating levels shall be established for each
region. The safe operating limits shall be summarized in a format that will provide rapid
visibility of the important structural characteristics and capability of the flight pressure system.

4.7.3 Inspection and Maintenance

The results of the stress analysis and the fatigue-life analysis shall be used in conjunction with
the appropriate results from the structural development and qualification tests to develop a
guantitative approach to inspection and repair.

The allowable damage limits for each component of the flight pressure system shall be used to
establish the required inspection interval and repair schedule to maintain the hardware to the
requirements of this document. Procedures shall be established for recording, tracking, and
analyzing operational data as it is accumulated to identify critical areas requiring corrective
actions. Analyses shall include prediction of remaining life and reassessment of required
inspection intervals.

4.7.4 Repair and Refurbishment

When inspections reveal structural damage or defects exceeding permissible levels, the
damaged hardware shall be repaired, refurbished, or replaced, as appropriate. All repaired or
refurbished flight pressure systems shall be recertified after each repair and refurbishment to
verify their structural integrity and to establish its suitability for continued service.
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475 Storage

A flight pressure system put into storage shall be protected against exposure to adverse
environments that could cause corrosion or other forms of material degradation. It shal be
protected against mechanical degradation resulting from scratches, dents, or accidental
dropping of the hardware. Induced stresses due to storage fixture constraints shal be
minimized by suitable storage fixture design. In the event storage requirements are violated,
recertification shall be required prior to return to use.

4.7.6 Documentation

Inspection, maintenance, and operation records shall be kept and maintained throughout the life
of the flight pressure system. As a minimum, the records shall contain the following
information:

1. Temperature, pressurization history, and pressurizing fluid for both tests and
operations;

2. Numbers of pressurizations experienced as well as number allowed in safe-life analysis;

3. Results of any inspection conducted, including: inspector, inspection dates, inspection
techniques employed, location and character of defects, defect origin and cause. This
shall include inspections made during fabrication;

4. Storage condition;

5. Maintenance and corrective actions performed from manufacturing to operational use,
including refurbishment;

6. Sketches and photographs to show areas of structural damage and extent of repairs,
7. Acceptance and recertification test performed, including test conditions and results; and

8. Analyses supporting the repair or modification which may influence future use
capability.

4.7.7 Reactivation

A flight pressure system reactivated for use after a period in either an unknown, unprotected, or
unregulated storage environment shall be recertified to ascertain its structura integrity,
functionality, and suitability for continued service before first use.

4.7.8 Recertification

Any flight pressure system requiring recertification prior to return to service shal meet the
following requirements:
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1. The documentation of affected components or portions of the flight pressure system
shall be reviewed to establish its last known condition.

2. It shal be inspected and subjected to appropriate NDE to detect any previously
unknown flaws.

3. It shall pass al the acceptance test requirements for a new system in accordance with
Section 4.6.4.

4781 Test After Limited Modification and Repair

If any system element such as valves, regulators, gauges, or tubing has been disconnected or
reconnected for any reason, the affected system or subsystem shall be leak tested. For more
extensive modification or repair that may affect its ability to meet the requirements of this

document or its required functions, the flight pressurized system shal meet the full
recertification requirements.
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5. General Pressurized System Requirements

5.1  Design Features

511 Assembly

Design components so that, during the assembly of parts, sufficient clearance exists to permit
assembly of the components without damage to the O-rings or backup rings where they pass
threaded parts or sharp corners.

512 Routing

Straight tubing and piping runs between two rigid connection points shall be avoided. Where
such straight runs are necessary, provision shall be made for expansion joints, motion of the
units, or similar compensation to ensure that no excessive strains are applied to the tubing and
fittings. Line bends shall be used to ease stresses induced in tubing by alignment tolerance and
vibration.

513 Separation

Redundant pressure components and systems shall be physically separate for maximum
advantage in case of damage or fire.

514 Shielding

Pressurized systems shall be shielded from other systems when required to minimize all
hazards caused by proximity to combustible gases, heat sources, electrical equipment, etc. Any
failure in any such adjacent system shall not result in combustion or explosion of pressure
fluids or components. Lines, drains, and vents shall be shield or separated from other high-
energy systems such as heat, high voltage, combustible gases, and chemicals. Drain and vent
lines shall not be connected to any other lines in any way that could generate hazardous
substances in the components being drained or vented. Pressure fluid reservoirs shal be
shielded or isolated from combustion apparatus or their heat sources.

515 Grounding
Hydraulic system components and lines shall be electrically grounded to metallic structures.

516 Handling

Fixtures for safe handling and hoisting with coordinate attachment points in the system
structure shall be provided. Handling and hoisting loads shall be in accordance with MIL-S-
8512.
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5.1.7 Special Tools

Safety critical pressurized systems shall be designed so that special tools shall not be required
for removal and replacement of components unless it can be shown that the use of special tools
is unavoidable.

5.1.8 Test Points

Test points, when required, shall be provided such that disassembly for test is not needed. The
test points shall be easily accessible for attachment of ground test equipment.

51.9 Common-Plug Test Connectors

Common-plug test connectors for pressure and return sections shall be designed to require
positive removal of the pressure connection prior to unsealing the return connections.

5.1.10 Individual Pressure and Return Test Connectors

Individual pressure and return test connectors shall be designed to positively prevent
inadvertent cross-connections.

5.1.11 Threaded Parts

All threaded parts in safety critical components shall be securely locked to resist uncoupling
forces by acceptable safe design methods. Safety wiring and self-locking nuts are examples of
acceptable safe design. Torque for threaded parts in safety critical components shall be
specified.

5.1.12 Friction Locking Devices

Use of friction-type locking devices shall be avoided in safety critical applications. Star
washers and jam nuts shall not be used as locking devices.

5.1.13 Internally Threaded Bosses

The design of internally threaded bosses shall preclude the possibility of damage to the
component or the boss threads due to screwing universal fittings to excessive depths in the
bosses.

5.1.14 Retainer or Snap Rings

Retainer or snap rings shall not be used in pressurized system where failure of the ring would
allow connection failures or blow-outs caused by internal pressure.

5.1.15 Snubbers

Snubbers shall be used with all Bourdon type pressure transmitters, pressure switches, and
pressure gages, except air pressure gages.
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5.2  Component Selection

5.2.1 Connections

Pressure components shall be selected to assure that hazardous disconnections or reverse
installations within the subsystem are not possible. Color codes, labels, and directional arrows,
are not acceptable as the primary means for preventing incorrect installation.

5.2.2 Fluid Temperature

The maximum fluid temperature shall be estimated early in design as part of data for selection
of safety critical components, such as system fluid, pressurizing gas, oil coolers, gaskets, etc.

5.2.3 Actuator Pressure Rating

Components that are capable of safe actuation under pressure equal to the maximum relief
valve setting in the circuit in which they are installed shall be specified.

5.24 Pressure Service Rating

Pumps, valves/regulators, hoses, and all such prefabricated components of a pressure system
shall have proven pressure service ratings equal to or higher than the limit load (MEOP) and
rated service life of the system.

5.25 Pump Selection
The Standards of the Hydraulic Institute shall be applied in evaluating safety in pump selection.

5.2.6 Fractureand Leakage

Where leakage or fracture is hazardous to personnel or critical equipment, design the
component so that failure occurs at the outlet threads of valves before the inlet threads or body
of the valve fails under pressure.

5.2.7 Oxygen System Components

Specify valves and other pressure components for oxygen systems of 30,000 psi or higher that
are slow opening and closing types to minimize the potential for ignition of contaminants.
Such systems shall also require electrical groundings to eliminate the possibility of the build-up
of static electrical charges.

5.2.8 Pressure Regulators

Pressure regulators to operate in the center 50 percent of their total pressure range shall be
selected to avoid creep and inaccuracies at either end of the full operating range.

5.2.9 Flareless Tube Fittings
In all cases, flareless tube fittings shall be properly preset prior to pressure applications.
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5.2.10 Manual Valvesand Regulators

Manually operated valves and regulators shall be designed so that over torque of the valve stem
or regulator adjustment cannot damage soft seats to the extent that failure of the seat will result.
Valve designs which utilize uncontained seats are not acceptable.

5.3 Design Pressures

5.3.1 Over or Under Pressure

Warning devices to indicate hazardous over or under pressure to operating personnel shall be
specified. These devices shall actuate at predetermined pressure levels designed to allow time
for corrective action.

5.3.2 Back Pressure

Safety critical actuation of pneumatic systems shall not be adversely affected by any back
pressure resulting from concurrent operations of any other parts of the system under any set of
conditions.

5.3.3 Pressurelsolation

Pressure components that can be isolated and contain residual pressure shall be equipped with
gage readings and bleed valves for pressure safety check. Bleed valves shall be directed away
from operating personnel. Fittings or caps for bleeding pressure are not acceptable.

5.34 Gas/Fluid Separation

Pressurized reservoirs that are designed for gas/fluid separation with provision to entrap gas
that may be hazardous to the system or safety critical actuation, and prevent its re-circulation in
the system shall be specified. This shall include the posting of instructions adjacent to the
filling point for proper bleeding when servicing.

5.35 Compressed Gas Bleeding

Compressed gas emergency systems shall be bled directly to the atmosphere away from the
vicinity of personnel, rather than into areservoir.

54  Design Loads

54.1 Acceleration and Shock Loads

All lines and components shall be installed to withstand all expected acceleration and shock
loads. Shock isolation mounts may be used if necessary to eliminate destructive vibration and
interference collision.

19



54.2 Torqueloads

The mounting of components, including valves, shall be on structures having sufficient
strength to withstand torque and dynamic loads. Only lightweight components that do not
require adjustment after installation may be supported by the tubing, provided that a tube clamp
isinstalled on each tube near the component.

5.4.3 Vibration Loads

Tubing shall be supported by cushioned steel tube clamps or by multi-block type clamps that
are suitably spaced to restrain destructive vibration |oads.

55 Controls

55.1 Interlocks

Interlocks shall be used wherever necessary, to prevent a hazardous sequence of operations and
to provide afail-safe capability at all times.

5.5.2 Multiple Safety Critical Functions

Pressure systems that combine several safety critical functions shall have sufficient controls for
isolation failed functions, for the purpose of safely operating the remaining functions.

55.3 Critical Flowsand Pressures

Pressure systems shall have pressure indicating devices to monitor critical flows and pressures
marked to show safe upper and lower limits of system pressure. The pressure indicators shall
be so located as to be readily visible to the operating crew.

5.6 Protection

All systems with pressures above 500 psi in all areas where damage can occur during servicing
or other operational hazards shall be protected. Hazardous piping line routes that invite use as
handholds or climbing bars shall be avoided. Shield pressure lines and components of 500 psi
or higher that are adjacent to safety critical equipment to protect such equipment in the event of
leakage or burst of pressure systems.

57 Electrical

5.7.1 Hazardous Atmospheres

Electric components for use in potentially ignitable atmospheres shall be demonstrated to be
incapable of causing an explosion in the intended application.
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5.7.2 Radio Frequency Energy

Electrically energized hydraulic components shall not propagate radio-frequency energy that is
hazardous to other subsystems in the total system, or interfere in the operation of safety critical
electronic equipment as specified in MIL-E-6051.

5.7.3 Grounding
Electrically ground all pressure system components, including lines, to metallic structures.

5.74 Solenoids

All solenoids shall be capable of safely withstanding a test voltage of not less than 1,500 V rms
at 60 cps for 1 minute between terminals and case at the maximum operating temperature of
the solenoid in the functional envelope.

5.7.5 Electric Motor Driven Pumps

Electric motor driven pumps used in safety critical systems shall not be used for ground test
purposes unless the motor is rated for reliable continuous and safe operation.

5.8 Pressure Relief

5.8.1 General Requirements

Pressure relief devices on all systems having a pressure source which can exceed the MAP of
the system, or where the malfunction/failure of any component can cause the MAP to be
exceeded, shall be specified.

Relief devices are required downstream of all regulating valves and orifice restrictors unless
the downstream system is designed to accept full source pressure. On space systems where
operational or weight limitations preclude the use of relief valves, and systems will operate in
an environment not hazardous to personnel, they can be omitted if the ground or support
system contains such devices and they cannot be isolated from the airborne system during the
pressurization cycle and the space system cannot provide it own protection.

5.8.2 Flow Capacity

All pressure relief devices shall provide relief at full flow capacity at 110% of the MEOP of the
system, or lower.

5.8.3 Sizing

The size of pressure relief devices shall be specified to withstand maximum pressure and flow
capacities of the pressure source, to prevent pressure exceeding 110% of the MEOP of the
system.
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5.84 Unmanned Flight Vehicle Servicing

Where around a system, which is specifically designed to service an unmanned flight vehicle,
pressure relief protection may be provided within the ground equipment, if no capability exists
to isolate the pressure relief protection from the flight vehicle during the pressurization cycle.

5.85 Automatic Relief

5851 Low Safety Factor

Where safety factors less than 2.0 are used in the design of pressure vessels, provide a means
for the automatic relief, depressurization, and pressure verification of safety critical vesselsin
the event of launch abort.

5.8.5.2 Confinement

Whenever any pressure volume can be confined and/or isolated, provide an automatic pressure
relief device. Pop-valves, rupture discs, blow-out plugs, armoring and construction to contain
the greatest possible overpressure that may develop are examples of corrective measures for
system safety in cases not covered by the above paragraphs.

586 Venting

Vent pressure relief devices for toxic or inert gases to safe areas or scrubbers, away from the
vicinity of personnel.

5.8.7 Rdief Valvelsolation

Shut-off valves for maintenance purposes on the inlet side of pressurized relief valves are
permissible if a means for monitoring and bleeding trapped pressure is provided and the
requirements of ASME Code, for unfired pressure vessels, Appendix M, UA 354, and the
provisions for valve design in Section 4.3 are met. It is mandatory that the valve be locked
open when the system is re-pressurized.

5.8.8 Negative Pressure Protection

5881 Testing

Hydrostatic testing systems for vessels which are designed to sustain negative internal pressure
shall be equipped with fail-safe devices for relief of hazardous negative pressure during the
period of fluid removal. Check valves and valve interlocks are examples of devices which can
be used for this purpose.

5.8.8.2  Storageand Transportation

Thin-walled vessels that can be collapsed by a negative pressure shall have negative pressure
relief and/or prevention devices for safety during storage and transportation.
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5.89 Reservoir Pressure Rdief

Pressurized reservoirs shall be designed so that ullage volume shall be connected to a relief
valve that shall protect the reservoir and power pump from hazardous overpressure or back
pressure of the system.

5.8.10 Air Pressure Control

The air pressure control for pressurized reservoirs shall be an externally nonadjustable pressure
regulating device. If this unit also contains a reservoir pressure relief valve, design the unit so
that no failure in the unit will permit over-pressurization of the reservoir.

59 Control Devices

5.9.1 Directional Control Valves

Safety critical pressure systems shall be designed to incorporate two or more directional control
valves to preclude the possibility of inadvertently directing the flow or pressure from one valve
into the flow or pressure path intended for another valve, with any combination of valves
settings possible in the total system.

59.2 Overtravel

Control devices shal be designed in order to prevent overtravel or undertravel that may
contribute to a hazardous condition, or damage to the valve.

5.9.3 Pressureand Volume Control Stops

All pressure and volume controls shall have stops, or equivalent, to prevent setting outside
their nominal safe working range.

5.94 Manually Operated Levers
1. Components that have integrated manually operated levers shal provide levers and
stops capable of withstanding the limit torques specified by MIL-STD-1472;

2. Levers and stops on remote controls shall be provided to be capable of withstanding a
limit torque of 1,800 |b-in;

3. Sheathed flexible-actuators for valve controls in safety critical pressure systems shall
not be used.

5.9.5 Limit Torque

Control components that have integral manually operated levers shall provide levers and stops
capable of withstanding the limit torques as shown in Table 5-1.
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Table5-1. Limit Design Torquefor Levers

Lever Radius, Rin. | Design Torque, Ib-in.
Lessthan 3 50x R
3to6 75X R
Over 6 150x R

510 Accumulators

5.10.1 Accumulator Design

Accumulators shall be designed in accordance with the pressure vessel standards for ground
systems and located for minima probability of mechanical damage and for minimum
escalation of material damage or personnel injury in the event of a major failure such as vessel
rupture.

5.10.2 Accumulator Gas Pressure Gages

Accumulator gas pressure gages shall not be used to indicate system pressure for operational or
mai ntenance purpose.

5.10.3 Accumulator Identification

Gas type and pressure level shall be posted on, or immediately adjacent to the accumulator.

5.11 Flexhose

5.11.1 Installation

Flexhoses shall be used between any two connections where relative motion can be expected to
fatigue metal tube or pipe. Flexhose installation shall be designed to avoid abrasive contact
with adjacent structure or moving parts. Rigid supports shall not be used on flexhoses.

5.11.2 Restraining Devices

Flexhose installations that are six feet long or greater shall be installed so that restraint is
provided on both the hose and adjacent structure at no greater than six-feet intervals and at
each end to prevent whiplash in the event of a burst. Restraining devices shall be designed to
constrain a force not less than 1.5 x open line pressure force as calculated by the methods of
Table 5-2. The design safety factor of the restraining device shall not be less than 3. Sand or
shot bags placed on top of flexhose is not acceptable. Hose clamp type restraining devices
shall not be used.
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Table5-2. Open Line Force Calculation Factor

Diameter Opening Calculated Force Factor for
(in.) Each psi of Source Pressure (Ib)
18 0.18506
15 0.2832
3/8 0.3814
12 0.4796
5/8 0.5777
3/4 0.6759
7/8 0.7741
1 0.8723

Note: To calculate the force acting on line opening, select applicable

5.11.3 Flexhose Stress

Flexhose installations shall be designed such that no stress or strain of any nature in the hard
lines or components can be produced. Include stress induced because of dimensional changes

caused by pressure or temperature variations, or torque forces induced in the flexhoses.

5.11.4 Temporary Installations

diameter and multiply right-hand column by the source pressure
(psi).

Temporary installations using chains or cables anchored to substantial fixed points, lead ingots
or other weights, are acceptable providing they meet the requirements of Section 4.3.2.1.
Protect flexhose from kinking or abrasive chafing from the restraining device or damage from
adjacent structure or moving parts that may cause reduction in strength.
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6. Specific Requirements

This section presents specific requirements for hydraulic systems and pneumatic systems used
in the space vehicles and launch vehicles. All these pressurized systems shall also meet the
general requirements of Section 4.

6.1 Hydraulic Systems

6.1.1 Hydraulic System Components

6.1.1.1 Component Selection and Safety Test

Select components which are compatible with and rated for the viscosity of the hydraulic fluid
to be used.

When the system pressure is indeterminate; perform safety tests at pressures no lower than 67%
of MAWP for components rated up to 3,000 psig and no lower than 80% of the MAWP or
components rated above 3,000 psig.

6.1.1.2  Cycling

Cycling capability for safety critical components shall be not less than four times the total
number of expected cycles, including system tests, but not less than 2,000 cycles. For service
above atemperature of 160° F, an additional cycling capability equivalent to the above shall be
required as a maximum.

6.1.1.3 Actuators

Safety critical hydraulic actuators shall have positive mechanical stops at the extremes of safe
motion.

6.1.1.4 Shutoff Valves

Hydraulic fluid reservoirs and supply tanks shall be equipped with shutoff valves, operable
from arelatively safe location in the event of a hydraulic system emergency.

6.1.1.5 Variable Response

Shuttle valves shall not be used in safety critical hydraulic systems where the event of force
balance on both inlet ports may occur, thus causing the shuttle valve to restrict flow from the
outlet port.

6.1.1.6 Fire Resistant Fluids

Fire resistant or flame proof hydraulic fluid shall be used where system leakage can expose
hydraulic fluid to potential ignition sources or is adjacent to a potential fire zone and the
possibility of flame propagation exists.
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6.1.1.7 Accumulators

Hydraulic systems incorporating accumulators shall be interlocked to either vent of isolate
accumulator fluid pressure when power is shut off.

6.1.1.8  Adjustable Orifices
Adjustable orifice restrictor valves shall not be used in safety critical hydraulic systems.

6.1.1.9 Lock Valves

1. When two or more hydraulic actuators are mechanically tied together, only one lock
valve shall be used to hydraulically lock all the actuators.

2. Hydraulic lock valves shall not be used for safety critical lockup periods likely to
involve extreme temperature changes, unless fluid expansions and contraction effects
are safely accounted for.

6.1.1.10 Hydraulic Reservoir

Whenever possible, the hydraulic reservoir shall be located at the highest point in the system.
If this is not possible in safety critical systems, procedures must be developed to detect air in
actuators or other safety critical components and to assure that the system is properly bled prior
to each use.

6.1.2 PressureLimit
Hydraulic system installations shall be limited to a maximum pressure of 15,000 psi.

Note: There is no intent to restrain development of systems capable of higher pressures, however, the
employment of such systems must be proceeded by complete development and qualification that includes
appropriate safety tests.

6.1.3 Cavitation

6.1.3.1 Inlet Pressure

The inlet pressure of hydraulic pumps in safety critical systems shall be specified in order to
prevent cavitation effects in the pump passage or outlets.

6.1.3.2 Fluid Column

Safety critical hydraulic systems shall have positive protections against breaking the fluid
column in the suction line during standby.

6.1.4 Hydraulic Lockup

6.1.4.1 Emergency Disengage

Hydraulic systems that provide for manual takeover shall automatically disengage or allow by-
pass of the main hydraulic system upon the act of manual takeover.
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6.1.4.2 Emer gency By-Pass

1. Safety critical hydraulic systems or aternate by-pass systems provided for safety shall
not be rendered inoperative because of back- pressure under any set of conditions.

2. Design the system so that a hydraulic lock resulting from an unplanned disconnection
of a self-seating coupling or other component shall not cause damage to the system or
to adjacent property, or injury to personnel.

6.1.5 PressureRelief

6.1.5.1  Pump Pressure Relief

Hydraulic systems employing power operated pumps shall include a pressure regulating device
and an independent safety relief valve.

6.1.5.2 Thermal Pressure Relief

Thermal expansion relief valves shall be installed as necessary to prevent system damage from
thermal expansion of hydraulic fluid, as in the event of gross overheating. Internal valve
leakage is not considered an acceptable method of providing thermal relief. Thermal relief
valve setting shall not exceed 150 psi above the value for system relief valve setting. Vents
shall outlet only to areas of relative safety from fire hazard. Hydraulic blow-out fuses shall not
be used in systems having temperatures above 160° F.

6.1.5.3 L ocation

Pressure relief valves shall be located in hydraulic systems wherever necessary to assure that
the pressure in any part of a power system shall not exceed the safe limit above the regul ated
pressure of the system.

6.2  Pneumatic Systems Requirements

6.2.1 Pneumatic System Components

6.21.1  Component Integrity

Pneumatic components (other than pressure vessels) for safety critical systems shall exhibit
safe endurance against hazardous failure modes for not less than 4 times the total number of
expected cycles including system test. Pneumatic ground support emergency System
components shall have safe endurance of a minimum of 5,000 cycles.

6.2.1.2 Configuration

The configuration of pneumatic components shall permit bleeding of entrapped moisture,
lubricant, particulate material, or other foreign material hazardous to this system.
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6.2.1.3 Compressors

Compressors shall be designed to sustain not less than 2.5x delivery pressure, after allowance
for loss of strength of the materials equivalent to not less than that caused by 1,000 hours aging
at 275° F.

6.2.1.4 Actuators

Safety critical pneumatic actuators shall have positive mechanical stops at the extremes of safe
motion.

6.2.1.5 Adjustable Orifice Restrictors
Adjustable orifice restrictor valves shall not be used in safety critical pneumatic systems.

6.2.2 Controls

6.2.2.1 Manual Takeover

Provide for automatic disengagement or by-pass for pneumatic systems that provide for manual
takeover in the event of a hazardous situation. Provide positive indication of disengagement.
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