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Systems
Forces on a launch vehicle
Flight control axis
Center of pressure, center of mass
Mass fraction
Staging
I  Purpose
I Parallel vs. serial staging
A Atmospheric pressure and Max Q
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A A system is an assemblage of iatelated elements
comprising a unified whole. A secondary or subordinate
system, usually capable of operating independently of, or
asynchronously with, a controlling system.

A Assembly: a group of machine parts that fit together to form a
self-contained unit

A Part: something determined in relation to something that
Includes it;
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Control Axis

A Control Axis
I Pitch
A Up and down
I Yaw
A Side to side
I Roll
AAround fAthrusto axi s
A Co-ordinate Systems

T X, Y and Z Axis
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Vehicle Control

A Center of mass (CM) that point where all the mass of that
object is perfectly balanced

I Itis the point about which a unstable rocket will tumble

A Center of pressure (CP)hat point where the aerodynamic
forces are balanced in flight

T Uneven forces will cause vehicle to tumble

A Typically CP needs to be aft on vehicle and CM needs to be
forward for best stability

A Difference in CP and CM provide moment arm to help
establish vehicle control
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Mass Fraction
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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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A Parallel Staging
I All stages lit at once
| Stages drop off as used

A Series Staging
I Stages are lit one after the other

10
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Atmospher
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IC Pressure

I Max Q1 place where vehicle goes through
max dynamic pressure on vehicle
ACreated by speed of vehicle and density of air.

AAs vehicle speed increases forces on vehicle
Increase

AAs air density goes down dynamic forces on
vehicle decrease

AAt first velocity builds up forces on vehicle,
then as density goes down these forces drop of
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Review of procedures

Emergency Preparedness Documents
Use of life support apparatus

Personnel requirements

~inal launch authority

_aunch authority for commercial launches

o To o To Do I
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Orbital Mechanics

A East Coast launches vs. west coast
launches

A Types of orbits

A Orbit requirements for specific
mISSIonS

14
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Flight to Orbit
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Soacdlic ' Typlcal Orbits .

A Low earth orbit (LEO)

I Space Station, space science, earth observation, space
observation

A Polar orbits (Sun synchronous)
I Abllity to pass over same spot on earth at same time of da
I Weather forecasting and earth observation

A Intermediate orbits

I Frequently may be oval
I GPS, earth and space observation

18
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smﬁq — Typical Orblts

A Geosynchronous transfer orblts

A Geosynchronous orbits
I Weather and communications satellites

A Lunar Transfer Orbits

A Deep Space Orbits
I Station Keeping for observations of sun, etc.
I Deep space exploration
I Deep Space and Return (Stardust)
I Other Planets
I Solar system escape

19
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Thrust

Major components of a rocket engine
Combustion chamber

Propellants

Major parts and function/operation of each
Cooling

Nozzle design vs. external pressure
injectors

Types
ISP Ratings

Famil

ies (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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AThrustis the force that propels a rocket ol
spacecraft

I Is measured in pounds, kilograms or
Newtons.

APhysically speaking, it is the result of
pressure which is exerted on the wall of
the combustion chamber

21
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Gt . JYPical Rocket Engines

Ihjectar

/— Com bustion Charnber Convergent Section 7 / Mozzle Throat
Fuel = \—4 Ly Uelucngh \ielocity

Lo Ot e High Pressure —> ——» Low Pressure

Cxidizer = /—< Gas J—\Gas
Lc \ \ Z

Divergent Section

22
WWW.Spacetec.org



Engine / Nozzle
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A Nozzle converts the chemietilermal energy
generated in the combustion chamber into kinetic
energy.

I Converts the slow moving, high pressure, high temperatur
gas in the combustion chamber into high velocity gas of
lower pressure and temperature.

A Thrust is the product of mass and velocity, a very
high gas velocity is desirable.

23
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@@ Nozz'le Exhaust .
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Rocket Propellants

ACome in Two forms Liquids and Solids

ALiquids consist of:
| Petroleum
I Cryogenic
I Hypergolic

25
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@gﬁc” Materials Selection Pro,pellants
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A When choosing a propellant it is important to conside
the following:

A lsp

A Density

A Storage temperature
A Corrosiveness

A Reactivity

A Availability

A Engine operation

I Smoothness of combustion
I Coolant properties

26
www.spacetec.org



Petroleum

A Fuels which are those refined from crude oil and are
mixture of complex hydrocarbons, i.e. organic
compounds containing only carbon and hydrogen.

A The petroleum used as rocket fuel is kerosene, or a
type of highly refined kerosene called RRrefined
petroleum). It is used in combination with liquid
oxygen as the oxidizer.

27
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Cryogenic

A ’Propellants WhICh are Ilquefled gases stored at very
low temperatures
A Liquid hydrogen (LH2) as the fuel

I LH2 remains liquid at temperatures-d3 degrees 253
degrees C)

A Liguid oxygen (LO2) as the oxidizer

I LOZ2 remains in a liquid state at temperatures268
degrees F-(83 degrees C).

A Liquid hydrogen delivers a specific impulse about
40% higher than other rocket fuels.

28
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Hypergolic

LA

Spacerte

A Propellants which are fuels and oxidizers which
Ignite spontaneously on contact with each other and
require no ignition source.

A The easy start and restart capability of hypergolics
make them ideal for spacecraft maneuvering system
A Hypergolics remain liquid at normal temperatures

I they do not pose the storage problems of cryogenic
propellants.

A Hypergolics are highly toxic and must be handled
with extreme care

29
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Guacdtc whlibergolic

A Hypergolic fuels commonly include:
I hydrazine,
I monomethyl hydrazine (MMH)
I unsymmetrical dimethyl hydrazine (UDMH).

A The oxidizer is typically nitrogen tetroxide (N204) or
nitric acid (HNO?3).

30
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Compound Chemical Mole_cular Density Melt_ing Boiliing
Formula Weight Point Point
Liquid Oxygen O, 32.00 1.141 g/ml -218.8C -183.0C
Nitrogen Tetroxide N,O, 92.01 1.45 g/ml -9.3C 21.15C
Nitric Acid HNO, 63.01 1.55 g/ml -41.6C 83°C
Liquid Hydrogen H, 2.016 0.071 g/ml -259.2C -252.9C
Hydrazine N,H, 32.05 1.004 g/ml 1.4°C 113.8C
Methyl Hydrazine CH;NHNH, 46.07 0.866 g/ml -52.4C 87.9C
Dimethyl Hydrazine (CH,),NNH, 60.10 0.791 g/ml -58°C 63.9C
RRgcane (Kerosene C.Hog 170.34 0.749 g/ml -9.6°C 216.3C

(1) Chemically, kerosene is a mixture of hydrocarbons; the chemical composition depends on its source, but it ususitf @ooststen different hydrocarbons, each

containing from 10 to 16 carbon atoms per molecule; the constituents imetlatiecane 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 cpmsedrflel.
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Power Cycles

ALiquid bipropellant rocket engines
can be categorized according to thel
power cycles, that Is, how power Is
derived to feed propellants to the
main combustion chamber.

32
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Pressurded cycle:

Prezsurized Preszsurized
Crxiddizer Tank Fuel Tank
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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 su{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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Fuel inlet
- flange

Ejector elements

8 rows - 216
elements
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@gﬁcv . Typléal Solid MOtor Confl.guratlon

Therrm al Insulation — rCaSing Thermal Insulation — — Cylindrical Channel
b, 5
!
— Solid Fuel — Solid Fuel
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Solid Propellants

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

A Homogeneous propellants are either simple base or double
base. A simple base propellant consists of a single compounc
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 undet
normal conditions. Their main asset is that they do not produc
traceable fumes and are, therefore, commonly used in tactica
weapons. They are also often used to perform subsidiary
functions such as jettisoning spent parts or separating one
stage from another.

42
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Solid Propellants

A Modern composite propellants are heterogeneous
powders (mixtures) which use a crystallized or finely
ground mineral salt as an oxidizer, often ammonium
nerchlorate, which constitutes between 60% and 909
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 sometime
Included, such as a catalyst to help increase the
purning 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.

43
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COMPOSITION OF SOLID

o g g

 ROCKET PROPELLANTS

Propellant Type Composition
Nitrocellulose (51.5%),
Balistite (USA) Double Base Homogeneous | Nitroglycerine (43.0%), Plasticiser

(1.0%), Other (4.5%)

Nitrocellulose (56.5%),

Cordite (Soviet) Double Base Homogeneous | Nitroglycerine (28.0%), Plasticiser
(4.5%), Other (11.0%)

Aluminum Powder (16%) as fuel,
AmmoniumPerchlorat€69.93%) as
oxidizer, Iron Oxidizer Powder
SRB Propellant Composite (0.07%) as catalysBolybutadiene
Acrylic Acid Acrylonitrile (12.04%)
as rubbetbased binder, Epoxy
Curing Agent (1.96%)

NOTE:
The density of solid rocket propellants range from,1.5 to 1.85 g/rriLl193b/cf). SRB propellant 44
has a density of 1.715 g/ml (107 Ibww'gpageteg-org



Solrd Propellant Thrust Curves

The shape of the fueI bIock 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.

Thrust Thirust Thrust

OO Oh

e Time

O S . OL

Time Time
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( ~ Structure and Electromechanice
SpaceTEC | o) v =

A Structures
I Purpose of structure
I Isogrids

A Electromechanical devices
I Purposes

I characteristics
torques

drive direction
limit switches
brakes

o To To I

46
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smcefee) Spacecraft Structure Categories

A Two major categories
I ThePrimary structure or main structure

A Purpose is to transmit loads to the base of the
satellite through specifically design component:
(central tube, honeycomb platform, bar truss,
etc.).

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

AFailure of the primary structure leads to a
complete collapse of the satellite

47
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Y Spacecraft Structure Categories

A Two major categories
I Secondarystructures

ASuch 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.

AA 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.

48
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Spacecraft Structures

A For the new generation of large satellites, we must
consider a third type of structurelexible
appendagesuch as antenna reflectors and solar
arrays. These structures have generally low resonan
frequencies which interact directly on the dynamic
behavior of the satellite and require a special care fo
design

A Finally, some spacecraft structures are more comple:
than the ones described above, and cannot be
described with general rules due to their unigueness
and particular requirements . Among these are the
manned spacecraft structures (orbiter and space
station) and the future lunar outposts. 1
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Structural Requirements

.
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" A Resist the loads induced by the launch environment
(acceleration, acoustics thermal), met all

A Functional performances required on orbit
I such as dimensional stability for

I Interface with some other subsystems
A Thermal control
A optical components
A electronic equipment
A Mechanism
A etc.

50
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Factors of Safety

for Spacecraft Structures

"AThe typlcal factors of safety for space
structures (unmanned flights) are given in the
following list:

i a) Test qualified structures
AQualification level : Flight x 1.45
AYield : Qualif. x 1.1
AUItimate : Qualif. x 1.25

I b) Computed structures only
AYield : Flight x 2
AUIltimate : Flight x 3

I ¢) Pressure tanks (fracture analysis)
AYield : nominal x 1.5

AUIltimate : nominal x 2.0 4
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A Aluminum
ASteel
ATitanium
AMagnesium
ABeryllium

A Composites
ACeramics

52
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Orbit and Mission Constraints

A Thermal Gradlents

A Debris Protection

A Deployable Appendage Constraints

A Aerobrake or Aerothermodynamic Heating

Spacecraft Design Criteria

A Mass Distribution

A Mass

A Electrical Grounding
A Design Verification

53
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. GOES Deployment Mechanisms

AThe deployable appendages are:
I Solar array
I Magnetometer boom
I Solar sail and boom
I Imager and Sounder radiant cooler covers

54
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G e SO DRI OULISHIS

A These deployments are initiated by ground comman
and occur at three different time periods:

A First, early in the transfer orbit, about 90 minutes
after launch, the outer solar panel is partially
deployed to about 9Grom its launch position,
exposing its solar cells to the sun and providing
power for the spacecraft during the transfer orbit
phase.

55
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Pyrotechnic Release

) aa et o

A All 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

A The cutters are fired by ground command.

A All cutters are fully redundant with independent
knives, firing circuits and commands.

I If the first cutter does not release the appendage, the
redundant cutter may be used later.

56
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Goes Solar Array Deployment

Solar Array Deployment Sequence
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Delta Launch Vehicle
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SpaceTeC -Ele(.:tr,(}\M_e,Ch?mCQal Sygtems

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

AElectromechanical systems use electric
motors to provide torque to mechanical
linkages.

59
www.Spacetec.org



-~ Shuttle Power Drive Unit (PDU)
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Drive Mechanisms

- '. Y

A Brakes 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.

A The 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 duabtor drive. If one
motor Is operating, it is referred to as singletor
drive.

61
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Drive Mechanisms

A Torque limiters protect against mechanical or
structural damage in case a mechanism binds or jam
The torque limiters will disengage the motor output
from the differential output at approximately 1.5 times

the normal load.

A The 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 spee
output from the differential to a high torque/low speec
output

62
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Drive I\/Iechanisms

Alelt SW|tches 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.

63
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Four major components of a power
system
Fuel cell operation

Batteries

Space Electrical Power Systems

Operating processes
Hydrogen/oxygen consumption
Power supplied

By-products

Types

Where used

Charge Rates

Measure of capacity
Connections Parallel vs. series
Battery servicing operations
Testing batteriet load tests

Launch Preparations
www.spacetec.|
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Solar cells

e ow . sl T8RN

operation

RT GO s
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
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Top Requirements

5 o

A Supply power

A Control and distribute

A Support for average and peak loads

A Convert to AC or regulated DC

A Provide health and status to control system
A Protect against failures

A Suppress transients

A Fire ordnance

66
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wer 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

Propulsioncharged tether

www.spacetec.org
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Space Power Systems

SpaceTeC
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A Solar Panels
I Primarily used by payloads
I Use battery systems as storage
A Radioisotope Thermal Generators

I Used by payloads for deep space missions where solar
panels are not effective

| Batteries used as storage

A Batteries
I Prime power supply on ELVO

A Fuel Cells
I Prime power supply on Space Shuttle

68
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Power Source Applicability
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Approcmate ranges of application of different power sources.
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Battery Types
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Battery Type Primary Secondary
General usage Flashlight Auto
Distinguishing Non-rechargeable |Rechargeable
Feature

70
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Batteries

ANickel Cadmium

I Very Rechargeable
I Mature technology

ANickel Hydrogen
I New
I Very Rechargeable

I Good Discharge
Recovery

www.spacetec.org
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~ Batteries

A Lead Acid
I Very Rechargeable
I Mature technology
I Heavy

A Lithium
I High energy
I Light

A Zinc Silver
I Very High Current

72
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Battery Comparison
@eﬁﬂ“

Table 6.6. Characteristics of secondary batteries for spacecraft use

Silver zine Nickel cadmium Mickel hydrogen
- Energy density 90 35 75
(W hikg)
Energy density 245 90 60
(W hidm")
Operating temperature 0-20 0-20 - 40
range ("C)
Storage temperature 0-30 0-30 0-30
(D{:‘)tr
Dry storage life 5 yr 5yr 5 yr*
Wet storage life 30-90 days 2yr 2 yr
Maximum cycle life 200 20,000 20,000°
(4pProx.)
Open circuit {V/cell) 1.9 | 1.35 1.55
Discharge (Vicell) 1.8-1.5 1.25 k.25
Charge (V/cell) 2.0 |.45 k.50
Manufacturers Eagle-Picher, Eagle-Picher, Eagle-Picher,
Yardney Technical Gates Aerospace Yardney Technical
Products Batteries Products, Gates

Www.spacetec.org
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Batteries are made up of one or more cells

4

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 24
www.spacetec.org
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A Battery Voltage
I The potential difference between the positive and negative electrodes.
Measured in volts
I For different cells usually runs between 1.25 and 2 volts depending on
the type cell and charge state of battery
A Battery capacity
I The amount of charge available expressed in-boyrs
I E.G., 200 Ahr battery will deliver 20 amps for 10 hours
I Capacity may b-eteasxapatiocobcapaaty | n n C
A E.G., C/10 rate for 200 Ahr battery == 20 amp
AfiCo rate can be used as a charge

75
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Cell connections to form

CBattery arrangement

Cln parallel:
Ccurrents add
CCapacity add

Cln series:
Cvoltages add

A

1.5 vaolts

B walts
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(ﬁ Vacuum Activation
S_Ila(:@ ﬂ‘ | . - o prr——

o v ~

A Vacuum Activation
A Electrolyte Redistribution

@ vacuum

atmosphere @ > oump

tubing

cell 0

Electrolyte reservoir

1. Evacuate cell through reservoir
2. Force electrolyte into cell

with atmospheric pressure
www.spacetec.org
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A Open Circuit Voltage (OCV)
I monitor OCYV for state of charge
A Conditioning (optional)
I removes surface charge
I draws out capacity
A Load Testing
I reproduces expected flight loads
I ensures state of health & capacity
A Top Charging
| restores capacity
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Flight Termination System
CDS - Command 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

A
“4--‘ TSI Pew ‘A-(_AAAL

ADS - Automatic Destruct System

W\

VW.Spacetec.org

Booster Vehicle Battery Possible Locations

AVIONICS TR

TPS1&2

IPS

CDS1&2
VPS1&2

WIS

SRM NOSE CONE

EQUIPMENT SHELF

SRM ADS A & B

LCU/SCU A, B & AB

STAGE Il DESTRUCT

AIRFRAME (FWD) BRACKET

STGIIADS 1 &2

STAGE | DESTRUCT

AIRFRAME BRACKET

STGIADS1&2
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Guesficy)  Solar Cells

A Oldest Source of Continual Power in Space
A ~100W/ meter

A Silicon
I Low Efficiency~10%
I Radiation Sensitive
I Low cost

A Gallium Arsenide GaAs
I Efficient~20%
I Radiation Insensitive
I Costly

80
www.spacetec.org



LD m—e T 1 o[

A Long heritage, high reliability power source

A High specific power, low specific cost

A Elevated temperature reduce cell performance
A Radiation reduces performance and lifetime

A Most orbits will require energy storage systems to
accommodate eclipses
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@@ Solar Cell Physics

=i mealerale



sunlight

Antireflection coating E i E ; ‘E

Front Contact

14 4]

Transparent adhesive
Cover glass

=11 K

semiconductor
semiconductor Back contact

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

: ‘l.J '_ [4”.‘0 ? - "] '

A A radioisotope thermoelectric generator,
or RTG, uses the fact that radioactive
materials (such as plutonium) generate
heat as they decay into noadioactive
materials. The heat used Is converted int
electricity by an array ahermocouples
which then power the spacecratft.
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Radioisotope Thermoelectric

A A 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
Spacerte

Heat Flomg

g : Thermal source T
Electrical insulation - hot

Comnecting straps >[I (OO [SETNNN
B ® |® 1§ |®|®
+

" + - - —~ -
s
-
Elect nl = Thermal sink Tgq) |
L

insulation
ATATAY
Load
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*

Advantages

Do not require sumlight to operate

L ong lasting and relatrvely insensitive
to the clulling cold of space and
virmally mvilnerable to igh
rachation fields.

F.IGs provide longer nussion
hifetimes than selar power systems.

— Supplied with BTGs, the Viking
landers operated on Mars for four and
siX years, respectivaly

— By comparizon, the 1997 AMars
Pathfinder spacecraft, which used
only solar and batmery power.
operated only three months.

They are hghtweight and compact. In
the kilowart rangs. B TGs provide
more power for less mat-alffrheu
compared to solar arrays and
battenies).

(Dis) Advantages of RTGs

>

Nomoving parts or thuds,
conventional ETGs lughly relizble.
B.TGs are zafe and fhight-proven.
They are designed to withstand any
lavmch and re-entry accidents.

B T(Gs are maintenance free

Disadvantages

The nuclear decay process camnot be
‘L'I".I.I'JlEﬂ on and off. An BTG 13 active
Tom the moment when the

radicisotopes are mserted mto the
assembly, and the power oufput
decreases exponennally with fime.
An ETG must be cooled and shielded
constantly.

The conversien efficiency 13 normally
only 3 %%

Fadioizotopes, and hence the ETGs
themselves, are expensive
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ASpace Shuttle has 3 fuel cells

AEach operates as an independent
electrical power source, supplying 28
volts dc

AEach power plants is reusable and
restartable
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Shuttle Fuel cell consists of 2 primary
components:

1. Power section chemical reaction occurs

A Hydrogen and oxygen are transformed into electrical power,
water and heat

A 96 cells in 3 substacks

2. Accessory sectioncontrols & monitors power
section's performance
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Fuel Cell Overview

I Accessory Section

ﬁ

Power Section
H2

H20] Heat

DC
Power
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Fuel Cell Characteristics
S_nacgﬁl}. \

A Output voltage per cell 0.8 volts in practice

A Consumes hydrogen and oxygen
I Produces water as {fproduct (1 Pint/kW h)
I Heat also byproduct

A High specific power (275 W/kQ)
A Shuttle fuel cells produce 16 kW peak

A Reaction is reversible so regenerative fuel cells are
possible
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@@ - ' Fuel Cells

Anode
— -
hode

e e e L '\-'— —
\ : Wasie

water

TN G =< =

Ll | R i
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Fuel Cell Stack

H. Manifold

Coolant Manifold




Power Distribution
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Electrical Power System
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power
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What Is an electrical bus?

It Is a wire that transports
electricity.
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@@m@ and Requwements

-

A Standard Bus usually 28v dc
A May need low voltage dc =~ —

I 5to 270? \olts
A May need AC voltage These
i Single phase 120v 60Hz > converted
i Three phase 120v 400 Hz from 28v dc
_/
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Power Converters

A \oltage conversion

A Transient behavior damping
ilsol ate bus Anoiseo from e

A Must ¢
of the

A For so

ontrol power generated to prevent overcharge
pattery and overheating of spacecraft

ar array systems, have two concepts

I Pea

K Power Tracker

I Direct Energy Transfer
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(ﬁ@ Power Regulation and Control
A T E———

LR e

A Must control power generated to prevent overcharge
of the battery and overheating of spacecraft
A For solar array systems, have two concepts

I Peak Power Tracker
I Direct Energy Transfer
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( Fault Protection
S_Ila(:?;r'il}.‘ | AT PRI

A Detection, Isolation, and Correction

A Detection

I Failed load implies short circuit
A Draws excessive power
A Stress cabling, etc
A Drains energy storage

A Isolate with fuses (or circuit breakers)
I May need to reset

A Correction
I Reroute
I Redundant loops
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Conceptual Spacecraft Power System

WWW.Spacetec.org
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Gucefes)  Kaptonlnsulation Wiring-

Kapton 1 s Dupont os trad
film
Used by many wire manufacturers as insulation

Kapton has been used in the Aerospace
community for more than 25 years

Used thru out Aerospace, Civilian, and Military
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@e‘fiﬂ@ Kaptonlnsulation Wiring-

High strength to weight ratio
Good insulation properties (still state of the art)
Effective In large temperature range
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smacefie)  Kaptonlnsulation Wiring-

Special tooling required
Can not be bent or flexed sharply

Degregration occurs upon exposure to water or
solvents

Subject to chaffing

When shorted, artracking occurs and continues
as long as power is present, will burn in a vacuum

Becomes brittle with age
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Hydraulics and Pneumatics

A Gas and Ilqwd specmcatlons
A Valves

| Burst disks/relief valves

I Check valves

A Required Pressure Ratings of
components

| Safety requirements
A Pressure vessel construction

I Over wrapped, vacuum jacketed
A Filtersi use and sizes
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SpaceTEC
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Hydraulics and Pneumatics

‘l‘-" B 22 -
-

A Loading Requirements

I Volume vs. pressure vs. mass Vs.
temperature

A Definitions (hydraulics vs. pneumatics)
I Pascal 0s Law
I Incompressibility
I Volume
I Stroke
A Accumulators
A Effects of trapped air in hydraulic system
A Uses of pneumatic and hydraulic systems
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@@ Compressed Gas Specifications

http://propellants.ksc.nasa.gov/gases.htm
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Pneumatic Systems

e Particle Filter oz | |

— High Pressure Tank
Over wrapped

<u Pressure Regulator C g

= Relief valve e

®
|
i — BurstDisk —
®
I

-

| Normally Closed Valve

I
ﬁ@ = Control Valves 3T Of
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i

X
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@@ Composite Overwrapped

overwrap
(composite)

liner (metal) adhesive
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Composite Overwrapped Pressure Vesse

<3
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: Ick Disconnects

112
Www.spacetec.org



Filters

SpacefEC
y .g;;ﬁ-e“ 2 harhadd

Tvpical Product Range G
yp g N

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

reguirements, 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 0z/sq yd and up %
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@@ . ' Filters
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