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Basic Flight

Å Systems

Å Forces on a launch vehicle

Å Flight control axis

Å Center of pressure, center of mass

Å Mass fraction 

Å Staging

ï Purpose

ï Parallel vs. serial staging

Å Atmospheric  pressure and Max Q
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Systems

ÅA system is an assemblage of inter-related elements 

comprising a unified whole. A secondary or subordinate 

system, usually capable of operating independently of, or 

asynchronously with, a controlling system. 

ÅAssembly: a group of machine parts that fit together to form a 

self-contained unit 

ÅPart: something determined in relation to something that 

includes it; 
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In-Flight Forces
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Control Axis

ÅControl Axis

ïPitch

ÅUp and down

ïYaw

ÅSide to side

ïRoll

ÅAround ñthrustò axis

ÅCo-ordinate Systems

ïX, Y and Z Axis
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Vehicle Control

ÅCenter of mass (CM) ïthat point where all the mass of that 

object is perfectly balanced

ïIt is the point about which a unstable rocket will tumble

ÅCenter of pressure (CP) ïthat point where the aerodynamic 

forces are balanced in flight

ïUneven forces will cause vehicle to tumble

ÅTypically CP needs to be aft on vehicle and CM needs to be 

forward for best stability

ÅDifference in CP and CM provide moment arm to help 

establish vehicle control
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Center of 

Pressure (CP)

Center of 

Mass (CM)
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Mass Fraction

Mass Fraction = Mass of Propellants

Total mass of vehicle

Typical mass fractions are in range of .82 

(Shuttle) to .91 for some expendables

To overcome issues of mass fraction process of 

staging of vehicles is used

As tanks are emptied, excess structure is 

deleted
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Staging

ÅParallel Staging

ïAll stages lit at once

ïStages drop off as used

ÅSeries Staging

ïStages are lit one after the other
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Atmospheric Pressure

and Max Q

ïMax Q ïplace where vehicle goes through 

max dynamic pressure on vehicle 

ÅCreated by speed of vehicle and density of air.

ÅAs vehicle speed increases forces on vehicle 

increase

ÅAs air density goes down dynamic forces on 

vehicle decrease

ÅAt first velocity builds up forces on vehicle, 

then as density goes down these forces drop off
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Safety

Å Review of procedures

Å Emergency Preparedness Documents

Å Use of life support apparatus

Å Personnel requirements 

Å Final launch authority

Å Launch authority for commercial launches
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Orbital Mechanics

Å East Coast launches vs. west coast 

launches

Å Types of orbits

Å Orbit  requirements for specific 

missions 
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Orbits
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100 mi.

5 mi.

5 mi.

16 ft.

16 ft.

The Falling Orbit
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Typical Orbits

ÅLow earth orbit (LEO)

ïSpace Station, space science, earth observation, space 

observation

ÅPolar orbits (Sun synchronous)

ïAbility to pass over same spot on earth at same time of day

ïWeather forecasting and earth observation

ÅIntermediate orbits 

ïFrequently may be oval

ïGPS, earth and space observation
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Typical Orbits

ÅGeosynchronous transfer orbits

ÅGeosynchronous orbits

ïWeather and communications satellites 

ÅLunar Transfer Orbits

ÅDeep Space Orbits

ïStation Keeping for observations of sun, etc.

ïDeep space exploration

ïDeep Space and Return (Stardust)

ïOther Planets

ïSolar system escape
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Propulsion Systems

Thrust

Major components of a rocket engine

Combustion chamber

Major parts and function/operation of each

Cooling

Nozzle design vs. external pressure

injectors 

Propellants

Types

ISP Ratings

Families (hypergol, cryo, petroleum)

Operating characteristics

Self igniting 

Fuels used with which oxidizers

Mixture ratios

Relative tank sizes

Purge gases

Which gases used and why

Solid propellants

Typical fuels and oxidizers

Grain patterns

Safe and arm devices

Bi-propellant vs. monopropellant engines

Turbo pump use 

Joining flight plumbing

Liquid engines starting mechanisms

Reaction control system

Bladder tanks
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Thrust

ÅThrustis the force that propels a rocket or 

spacecraft 

ïIs measured in pounds, kilograms or 

Newtons. 

ÅPhysically speaking, it is the result of 

pressure which is exerted on the wall of 

the combustion chamber
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Typical Rocket Engines
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Engine / Nozzle

ÅNozzle converts the chemical-thermal energy 

generated in the combustion chamber into kinetic 

energy. 

ïConverts the slow moving, high pressure, high temperature 

gas in the combustion chamber into high velocity gas of 

lower pressure and temperature. 

ÅThrust is the product of mass and velocity, a very 

high gas velocity is desirable. 
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Nozzle Exhaust
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Rocket Propellants

ÅCome in Two forms Liquids and Solids

ÅLiquids consist of:

ïPetroleum

ïCryogenic

ïHypergolic
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Materials Selection - Propellants

ÅWhen choosing a propellant it is important to consider 

the following:
ÅIsp

ÅDensity

ÅStorage temperature

ÅCorrosiveness

ÅReactivity

ÅAvailability

ÅEngine operation

ïSmoothness of combustion

ïCoolant properties
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Petroleum

ÅFuels which are those refined from crude oil and are a 

mixture of complex hydrocarbons, i.e. organic 

compounds containing only carbon and hydrogen. 

ÅThe petroleum used as rocket fuel is kerosene, or a 

type of highly refined kerosene called RP-1 (refined 

petroleum). It is used in combination with liquid 

oxygen as the oxidizer.
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Cryogenic 

ÅPropellants which are liquefied gases stored at very 

low temperatures

ÅLiquid hydrogen (LH2) as the fuel 

ïLH2 remains liquid at temperatures of -423 degrees F (-253 

degrees C) 

ÅLiquid oxygen (LO2) as the oxidizer

ïLO2 remains in a liquid state at temperatures of -298 

degrees F (-183 degrees C). 

ÅLiquid hydrogen delivers a specific impulse about 

40% higher than other rocket fuels. 
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Hypergolic

ÅPropellants which are fuels and oxidizers which 

ignite spontaneously on contact with each other and 

require no ignition source. 

ÅThe easy start and restart capability of hypergolics 

make them ideal for spacecraft maneuvering systems. 

ÅHypergolics remain liquid at normal temperatures

ïthey do not pose the storage problems of cryogenic 

propellants. 

ÅHypergolics are highly toxic and must be handled 

with extreme care. 
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Hypergolic

ÅHypergolic fuels commonly include:

ïhydrazine, 

ïmonomethyl hydrazine (MMH) 

ïunsymmetrical dimethyl hydrazine (UDMH). 

ÅThe oxidizer is typically nitrogen tetroxide (N2O4) or 

nitric acid (HNO3). 
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Compound
Chemical

Formula

Molecular

Weight
Density

Melting

Point

Boiling

Point

Liquid Oxygen O2 32.00 1.141 g/ml -218.8oC -183.0oC

Nitrogen Tetroxide N2O4 92.01 1.45 g/ml -9.3oC 21.15oC

Nitric Acid HNO3 63.01 1.55 g/ml -41.6oC 83oC

Liquid Hydrogen H2 2.016 0.071 g/ml -259.3oC -252.9oC

Hydrazine N2H4 32.05 1.004 g/ml 1.4oC 113.5oC

Methyl Hydrazine CH3NHNH2 46.07 0.866 g/ml -52.4oC 87.5oC

Dimethyl Hydrazine (CH3)2NNH2 60.10 0.791 g/ml -58oC 63.9oC

Dodecane (Kerosene) C12H26 170.34 0.749 g/ml -9.6oC 216.3oC
NOTES: 

(1) Chemically, kerosene is a mixture of hydrocarbons; the chemical composition depends on its source, but it usually consists of about ten different hydrocarbons, each 

containing from 10 to 16 carbon atoms per molecule; the constituents include n-dodecane, alkyl benzenes, and naphthalene and its derivatives. 

(2) Nitrogen tetroxide and nitric acid are hypergolic with hydrazine, MMH and UDMH. Oxygen is not hypergolic with any commonly used fuel.

PROPERTIES OF LIQUID 

ROCKET PROPELLANTS
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Power Cycles 

ÅLiquid bipropellant rocket engines 

can be categorized according to their 

power cycles, that is, how power is 

derived to feed propellants to the 

main combustion chamber. 
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Pressure-fed cycle:
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Gas Generator Cycle
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Staged combustion cycle
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Expander cycle:
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Regenerative Cooling
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RL-10 Engine Ignition sub-system

A spark igniter protruding through the injector 

face achieves ignition. A high energy 

electrical spark is produced by an exciter 

through a high-tension lead to the igniter. 
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RL-10 Engine Nozzle Coolant Tubes
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RL-10 Engine Injector
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Typical Solid Motor Configuration
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Solid Propellants

ÅThere are two families of solids propellants: homogeneous and 
composite. Both types are dense, stable at ordinary 
temperatures, and easily storable. 

ÅHomogeneous propellants are either simple base or double 
base. A simple base propellant consists of a single compound, 
usually nitrocellulose, which has both an oxidation capacity 
and a reduction capacity. Double base propellants usually 
consist of nitrocellulose and nitroglycerine, to which a 
plasticiser is added. Homogeneous propellants do not usually 
have specific impulses greater than about 210 seconds under 
normal conditions. Their main asset is that they do not produce 
traceable fumes and are, therefore, commonly used in tactical 
weapons. They are also often used to perform subsidiary 
functions such as jettisoning spent parts or separating one 
stage from another. 
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Solid Propellants

ÅModern composite propellants are heterogeneous 
powders (mixtures) which use a crystallized or finely 
ground mineral salt as an oxidizer, often ammonium 
perchlorate, which constitutes between 60% and 90% 
of the mass of the propellant. The fuel itself is 
aluminum. The propellant is held together by a 
polymeric binder, usually polyurethane or 
polybutadienes. Additional compounds are sometimes 
included, such as a catalyst to help increase the 
burning rate, or other agents to make the powder 
easier to manufacture. The final product is rubberlike 
substance with the consistency of a hard rubber 
eraser. 
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Propellant Type Composition

Balistite (USA) Double Base Homogeneous

Nitrocellulose (51.5%), 

Nitroglycerine (43.0%), Plasticiser 

(1.0%), Other (4.5%)

Cordite (Soviet) Double Base Homogeneous

Nitrocellulose (56.5%), 

Nitroglycerine (28.0%), Plasticiser 

(4.5%), Other (11.0%)

SRB Propellant Composite

Aluminum Powder (16%) as fuel, 

Ammonium Perchlorate(69.93%) as 

oxidizer, Iron Oxidizer Powder 

(0.07%) as catalyst, Polybutadiene

Acrylic Acid Acrylonitrile (12.04%) 

as rubber-based binder, Epoxy 

Curing Agent (1.96%)

NOTE: 

The density of solid rocket propellants range from 1.5 to 1.85 g/ml (95-115 lb/cf). SRB propellant 

has a density of 1.715 g/ml (107 lb/cf). 

COMPOSITION OF SOLID 

ROCKET PROPELLANTS
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The shape of the fuel block for a rocket is chosen for 

the particular type of mission it will perform. Since the 

combustion of the block progresses from its free 

surface, as this surface grows, geometrical 

considerations determine whether the thrust increases, 

decreases or stays constant. 

Solid Propellant Thrust Curves
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Structure and Electromechanical 

Å Structures

ï Purpose of structure

ï Isogrids

Å Electromechanical devices

ï Purposes 

ï characteristics

Å torques

Å drive direction

Å limit switches

Å brakes
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Spacecraft Structure Categories 

ÅTwo major categories
ïThe Primary structure or main structure

ÅPurpose is to transmit loads to the base of the 
satellite through specifically design components 
(central tube, honeycomb platform, bar truss, 
etc.). 

ÅProvides the attachment points for the payload 
and the associated equipments. 

ÅFailure of the primary structure leads to a 
complete collapse of the satellite
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Spacecraft Structure Categories

ÅTwo major categories
ïSecondary structures

ÅSuch as baffles, thermal blanket support and 
solar panels must only support themselves and 
are attached to the primary structure which 
guaranties the overall structural integrity. 

ÅA secondary structure failure is not a problem 
for the structural integrity, but it could have 
some important impacts on the mission if it 
alters the thermal control, the electrical 
continuity, the mechanisms or if it crosses an 
optical path.
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Spacecraft Structures

ÅFor the new generation of large satellites, we must 
consider a third type of structure: Flexible 
appendages such as antenna reflectors and solar 
arrays. These structures have generally low resonant 
frequencies which interact directly on the dynamic 
behavior of the satellite and require a special care for 
design

ÅFinally, some spacecraft structures are more complex 
than the ones described above, and cannot be 
described with general rules due to their uniqueness 
and particular requirements . Among these are the 
manned spacecraft structures (orbiter and space 
station) and the future lunar outposts.
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Structural Requirements

ÅResist the loads induced by the launch environment 
(acceleration, acoustics thermal), met all

ÅFunctional performances required on orbit 

ïsuch as dimensional stability for

ïinterface with some other subsystems 

ÅThermal control

Åoptical components

Åelectronic equipment

ÅMechanism

Åetc. 
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Factors of Safety

for Spacecraft Structures
ÅThe typical factors of safety for space 

structures (unmanned flights) are given in the 
following list:

ïa) Test qualified structures
ÅQualification level : Flight x 1.45

ÅYield : Qualif. x 1.1

ÅUltimate : Qualif. x 1.25

ïb) Computed structures only
ÅYield : Flight x 2

ÅUltimate : Flight x 3

ïc) Pressure tanks (fracture analysis)
ÅYield : nominal x 1.5

ÅUltimate : nominal x 2.0
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Materials

ÅAluminum

ÅSteel

ÅTitanium

ÅMagnesium

ÅBeryllium

ÅComposites

ÅCeramics
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Orbit and Mission Constraints

ÅThermal Gradients

ÅDebris Protection

ÅDeployable Appendage Constraints

ÅAerobrake or Aerothermodynamic Heating

Spacecraft Design Criteria

ÅMass Distribution

ÅMass

ÅElectrical Grounding

ÅDesign Verification
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GOES Deployment Mechanisms

and Structures

ÅThe deployable appendages are:

ïSolar array

ïMagnetometer boom

ïSolar sail and boom

ïImager and Sounder radiant cooler covers
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GOES Deployments 

ÅThese deployments are initiated by ground commands 
and occur at three different time periods:

ÅFirst, early in the transfer orbit, about 90 minutes 
after launch, the outer solar panel is partially 
deployed to about 90° from its launch position, 
exposing its solar cells to the sun and providing 
power for the spacecraft during the transfer orbit 
phase.
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Pyrotechnic Release

ÅAll of the deployable appendages are released by 

pyrotechnically driven cutters (electroexplosive 

devices, EEDs) that cut a tensioned cable or rod 

holding the appendage in its stowed, launch position. 

ÅThe cutters are fired by ground command. 

ÅAll cutters are fully redundant with independent 

knives, firing circuits and commands. 

ïIf the first cutter does not release the appendage, the 

redundant cutter may be used later.
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Goes Solar Array Deployment
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Delta Launch Vehicle



www.spacetec.org
59

Electro-Mechanical Systems

ÅMechanical systems refer to 
components that must be deployed, 
stowed, opened, or closed. 

ÅElectromechanical systems use electric 
motors to provide torque to mechanical 
linkages.
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Shuttle Power Drive Unit (PDU)
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Drive Mechanisms

ÅBrakes prevent the motors from turning when they are 

unpowered.  When power is applied to the motor, the 

brake will disengage and allow the motor to move.

ÅThe differential uses gearing to combine the output of 

each AC motor into one output shaft.  If two motors are 

operating, it is referred to as dual-motor drive.  If one 

motor is operating, it is referred to as single-motor 

drive.
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Drive Mechanisms

ÅTorque limiters protect against mechanical or 
structural damage in case a mechanism binds or jams.  
The torque limiters will disengage the motor output 
from the differential output at approximately 1.5 times 
the normal load.

ÅThe gearbox is the link between the differential and 
the mechanism to be driven.  It contains a series of 
reduction gears that transfer the low torque/high speed 
output from the differential to a high torque/low speed 
output
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Drive Mechanisms

ÅLimit switches indicate the state of a 

mechanism (open, closed, latched, 

released, deployed, or stowed).  There 

are two limit switches for each state.  

These limit switches will turn the 

motors off when the mechanism is 

driven to the desired position.
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Space Electrical Power Systems

Four major components of a power 

system

Fuel cell operation

Operating processes

Hydrogen/oxygen consumption

Power supplied

By-products

Batteries

Types

Where used

Charge Rates

Measure of capacity

Connections   Parallel vs. series

Battery servicing operations

Testing batteries ïload tests

Launch Preparations 

Solar cells

operation

RTGôs

Method of electrical generation

Needs for excess power generation

Methods of disposing of excess 

power

Electrical Distribution

Shunt loads - purpose
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Electrical Power Subsystem

Power 

Source

Energy 

Storage

Power 

Distribution

Power 

Regulation 

and Control
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Top Requirements

ÅSupply power

ÅControl and distribute

ÅSupport for average and peak loads

ÅConvert to AC  or regulated DC

ÅProvide health and status to control system

ÅProtect against failures

ÅSuppress transients

ÅFire ordnance
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Space Power Sources

Primary Batteries Radioisotope

Secondary Battery Thermionic converter

Fuel cell Thermoelectric converter

Regenerative fuel cell Photovoltaic

Chemical dynamic Solar dynamic

Nuclear Flywheel Storage

Electrodynamics Tethers Propulsion-charged tether
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Space Power Systems

ÅSolar Panels
ïPrimarily used by payloads

ïUse battery systems as storage

ÅRadioisotope Thermal Generators
ïUsed by payloads for deep space missions where solar 

panels are not effective

ïBatteries used as storage

ÅBatteries
ïPrime power supply on ELVôs

ÅFuel Cells
ïPrime power supply on Space Shuttle
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Power Source Applicability
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Battery Types

Battery Type Primary Secondary

General usage Flashlight Auto

Distinguishing 

Feature

Non-rechargeable Rechargeable
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Batteries

ÅNickel Cadmium

ïVery Rechargeable

ïMature technology

ÅNickel Hydrogen

ïNew

ïVery Rechargeable 

ïGood Discharge 

Recovery  
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Batteries

ÅLead Acid

ïVery Rechargeable

ïMature technology

ïHeavy

ÅLithium

ïHigh energy

ïLight 

ÅZinc Silver

ïVery High Current
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Battery Comparison
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Batteries are made up of one or more cells

Five major component of a cell

1.Container

2.Negative electrode

3.Positive electrode

4.Electrolyte

5.Separator
The negative electrode provide electrons to the load and the positive 

electrode accepts electrons from the load during discharge.  The 

electrolyte provides the positive ions
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ÅBattery Voltage

ïThe potential difference between the positive and negative electrodes.  

Measured in volts

ïFor different cells usually runs between 1.25 and 2 volts depending on 

the type cell and charge state of battery

ÅBattery capacity

ïThe amount of charge available expressed in amp-hours

ïE.G., 200 Ahr battery will deliver 20 amps for 10 hours

ïCapacity may be expressed in ñCò-rate as a ratio of capacity

ÅE.G., C/10 rate for 200 Ahr battery == 20 amp

ÅñCò rate can be used as a charge or discharge rate.

Batteries
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Cell connections to form 

batteries

CBattery arrangement

CIn parallel: 

Ccurrents add

CCapacity add

CIn series: 

Cvoltages add
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Vacuum Activation

ÅVacuum Activation

ÅElectrolyte Redistribution

cell

Electrolyte reservoir

atmosphere
vacuum

pump

tubing

1. Evacuate cell through reservoir

2. Force electrolyte into cell 

with atmospheric pressure
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OCV Monitoring & Load Testing

ÅOpen Circuit Voltage (OCV)

ïmonitor OCV for state of charge

ÅConditioning (optional)

ïremoves surface charge

ïdraws out capacity

ÅLoad Testing

ïreproduces expected flight loads

ïensures state of health & capacity

ÅTop Charging

ïrestores capacity
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Flight Termination System

CDS - Command Destruct 

System

ADS - Automatic Destruct System

Electrical Actuators

VPS - Vehicle Power Supply

Telemetry

IPS - Instrumentation Power 

System

WIS - Wideband Instrumentation 

System

Operational Ordnance

TPS - Transient Power Supply

SRM Avionics 

LCU - Loop Closure Unit

SCU - Signal Conditioning Unit

STAGE I DESTRUCT

AIRFRAME BRACKET

STG I ADS 1 & 2

STAGE II DESTRUCT

AIRFRAME (FWD) BRACKET 

STG II ADS 1 & 2

SRM NOSE CONE

EQUIPMENT SHELF

SRM ADS A & B

LCU/SCU A, B & AB

PAYLOAD FAIRING INTERSTAGE

AVIONICS TRUSS

TPS 1 & 2

IPS

CDS 1 & 2

VPS 1 & 2

WIS

Booster Vehicle Battery Possible Locations
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Solar Cells        

ÅOldest Source of Continual Power in Space

Å~100W/ meter2

ÅSilicon

ïLow Efficiency~10%

ïRadiation Sensitive

ïLow cost

ÅGallium Arsenide  GaAs

ïEfficient~20%

ïRadiation Insensitive

ïCostly 
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Solar Cells

ÅLong heritage, high reliability power source

ÅHigh specific power, low specific cost

ÅElevated temperature reduce cell performance

ÅRadiation reduces performance and lifetime

ÅMost orbits will require energy storage systems to 

accommodate eclipses
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Solar Cell Physics
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Solar Cell Construction

Cells in series provide the required voltage; parallel strings provide required current
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Radioisotope Thermoelectric 

Generators

ÅA radioisotope thermoelectric generator, 
or RTG, uses the fact that radioactive 
materials (such as plutonium) generate 
heat as they decay into non-radioactive 
materials. The heat used is converted into 
electricity by an array of thermocouples
which then power the spacecraft. 
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Radioisotope Thermoelectric 

Generators

ÅA thermocouple is a device which converts thermal 
energy directly into electrical energy. Basically, it is 
made of two kinds of metal that can both conduct 
electricity. They are connected to each other in a 
closed loop. If the two metals are at different 
temperatures, an electric potential will exist between 
them. When an electric potential occurs, electrons 
will start to flow, making electric current. 
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Thermoelectric Generator
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(Dis) Advantages of RTGs
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Fuel Cell Introduction

ÅSpace Shuttle has 3 fuel cells

ÅEach operates as an independent 

electrical power source, supplying 28 

volts dc

ÅEach power plants is reusable and 

restartable 
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Shuttle Fuel cell consists of 2 primary 

components:

1. Power section - chemical reaction occurs

Å Hydrogen and oxygen are transformed into electrical power, 

water and heat

Å 96 cells in 3 substacks

2. Accessory section - controls & monitors power 

section's performance 
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Fuel Cell Overview

O2

H2

Accessory Section

Power Section

ECLSS
DC-DA

H2O Heat

DC 
Power
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Fuel Cell Characteristics

ÅOutput voltage per cell 0.8 volts in practice

ÅConsumes hydrogen and oxygen

ïProduces water as by-product (1 Pint/kW h)

ïHeat also by-product

ÅHigh specific power (275 W/kg)

ÅShuttle fuel cells produce 16 kW peak

ÅReaction is reversible so regenerative fuel cells are 

possible
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Fuel Cells
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Power Distribution
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What is an electrical bus?

It is a wire that transports        

electricity.
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Load Requirements

ÅStandard Bus usually 28v dc

ÅMay need low voltage dc

ï5 to 270? Volts

ÅMay need AC voltage

ïSingle phase 120v 60Hz

ïThree phase 120v 400 Hz

These 

converted 

from 28v dc



www.spacetec.org
99

Power Converters

ÅVoltage conversion

ÅTransient behavior damping

ïIsolate bus ñnoiseò from end user

ÅMust control power generated to prevent overcharge 

of the battery and overheating of spacecraft

ÅFor solar array systems, have two concepts

ïPeak Power Tracker

ïDirect Energy Transfer
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Power Regulation and Control

ÅMust control power generated to prevent overcharge 

of the battery and overheating of spacecraft

ÅFor solar array systems, have two concepts

ïPeak Power Tracker

ïDirect Energy Transfer
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Fault Protection

ÅDetection, Isolation, and Correction

ÅDetection

ïFailed load implies short circuit

ÅDraws excessive power

ÅStress cabling, etc

ÅDrains energy storage

ÅIsolate with fuses (or circuit breakers)

ïMay need to reset

ÅCorrection

ïReroute

ïRedundant loops
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Conceptual Spacecraft  Power System
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KaptonInsulation Wiring -

Background

VKapton is Dupontôs trade name for a Polyimide 

film

VUsed by many wire manufacturers as insulation

VKapton has been used in the Aerospace 

community for more than 25 years

VUsed thru out Aerospace, Civilian, and Military
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KaptonInsulation Wiring -

Advantages

VHigh strength to weight ratio

VGood insulation properties (still state of the art)

VEffective in large temperature range
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KaptonInsulation Wiring -

Disadvantages

VSpecial tooling required

VCan not be bent or flexed sharply

VDegregration occurs upon exposure to water or 
solvents

VSubject to chaffing

VWhen shorted, arc-tracking occurs and continues 
as long as power is present, will burn in a vacuum

VBecomes brittle with age
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Hydraulics and Pneumatics

ÅGas and liquid specifications

Å Valves

ïBurst disks/relief valves

ïCheck valves

Å Required Pressure Ratings of 
components

ïSafety requirements

Å Pressure vessel construction

ïOver wrapped, vacuum jacketed 

Å Filters ïuse and sizes 
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Hydraulics and Pneumatics

Å Loading Requirements 

ïVolume vs. pressure vs. mass vs. 
temperature

Å Definitions (hydraulics vs. pneumatics)

ïPascalôs Law

ï Incompressibility

ïVolume

ïStroke

Å Accumulators

Å Effects of trapped air in hydraulic system

Å Uses of pneumatic and hydraulic systems
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http://propellants.ksc.nasa.gov/gases.htm

Compressed Gas Specifications

http://propellants.ksc.nasa.gov/gases.htm
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End Users

Control Valves

Inlet Valves

QD?

Particle Filter

High Pressure Tank

Over wrapped

Pressure Regulator

Relief valve

Burst Disk

Normally open valve

x
Normally Closed Valve

x

Pneumatic Systems
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Composite Overwrapped 

Pressure Vessel (COPV)

adhesiveliner (metal)

overwrap

(composite)
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Composite Overwrapped Pressure Vessel
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Quick Disconnects
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Typical Product Range

Material: Wire cloth in a full range of alloys (stainless steel, plain 

steel, copper and brass) in plain, twill and Dutch weaves. 

Synthetics ­ polyester, nylon 6 and nylon 6,6

screens along with high performance fabrics made of ETFE, 

ECTFE, PTFE, PVDF and PEEK. In cases where the available 

range of alloys and polymers cannot meet your

requirements, specialty materials and constructions can be 

produced to your specifications.

Pore sizes: 1 to 12,000 microns

Thickness: 40 microns and up 

Weights: 0.5 oz/sq yd and up 

Filters
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Filters


