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Introduction 

on of the physical environment experi 
environment (on the launch pad), man-made environment on Earth (storage 
d qualification testing), the launch environment, and the space environment, is 

ed to find commonality among our hardware in an effort to reduce cost and 
complexity. NASA is entering a period of increase in its number of planetary missions and it is 
important to understand ho 
environments. 

Environmental conditions are described for NASA projects in several ways for the different 
periods of the mission life cycle. At the beginning, the mission manager defines survivability 
requirements based on the mission length, orbit, launch date, launch vehicle, and other factors . 

ch as the use of reactor engi Margins are then applied 
extremes, vibration extreme?, ion tolerances, etc,) and 

Mission assurance ,d 
a third set of values i 

qualification requirements will evolve with and track these new 

testing. A fourth set of environmental condition values may evolve intermittently from herit 
hardware that has been tested to a level beyond the actual mission requirement. 
sets of environment figure 
hardware enviro 

Environmental requirement i 
obvious is with the individual projects. We can easily get answers to questions about 
temperature extremes being used and radiation tolerance goals, but it is more difficult to map the 

A d  in a wide variety of places. The most I 

ess that created these requirements: for design, for qualifhqitic)-n, and for 
0 with no margin applied:,Not everyone assigned to a NASA pxoject may have 

I 

that kind of insight, as many have only the environmental requirement numbers needed to do 
their jobs but do not necessarily have a programmatic-level understanding of how all of the 
environmental requirements fit together. 

For this project, we sought environmental requirement numbers from a variety of sources. These 
were the project parts engineers (PPEs), safety assurance managers (SAMs), project 
documentation, and published papers and standards. Our primary resource for space 
environment information was NASA Memorandum 1 06655, Operational Environments for 
Electrical Power Wiring on NASA Space Systems, June 1994 [l]. Vibration and thermal- 
vacuum test conditions were excerpted from General Environmental Verification Specification 
(GEVS) for STS and ELV Payloads, Subsystems and Components 
(http://arioch.~sfc.nasa.lzov/302/~evs-se/toc.htm) [2]. The final principal reference was an 
environments review performed for NEPP in 1992 titled The Influence of Space Environmental 
Factors on NASA Electrical, Electronic, and Electromechanical Part Selection and Application, 
A. Garrison, J. Barrows, December 1992 [3]. 



NASA Memorandum 106655 breaks down all applications int 
modules, low-Earth orbit (LEO), geosynchronous eart 
(orbiter), lunar surface, and Martian surface. (A use 
space as a broad application area). The environme 

ix different types: pressurized 

1. List of Attributes M 

Temperature: Extremes and Cycling 

Ionizing Particle Radiation 

Vibration is only significant during qualification testing and during launch since there is very 
little vibration in space (though temperature cycling and current heating has been known to cause 
bending and work-hardening stress that can mimic mechanical vibration). Vibration - requirements are generallydefined bythe launch vehicle sttaxing quitelow at around 3 g’s for 
aceeptahce tkstirr’g of pbyloadsBn‘the Pegasus rockefto over 12 g’s fop: psz‘jloads on theShuttle 

I I. 

m *  1 j % !  

(which experiences both the launch and return vibration periods). Vibration environments are 
known to subassembly designers and manufacturers in the test requirements. Two types of tests 
are done for vibration: random and sine directions (x, y, and z), and levels specified for 
acceptance testing and others for qualification testing. The frequencies sweep range during these 
tests also varies among launch vehicles in order to model actual frequencies that might stimulate 
damaging mechanical resonances experienced. Tables 2 and 3 show the test levels used for 
acceptance and qualification as described in GEVS. 

Current NASA GSFC projects are specifying to the higher random vibration requirement levels, 
between 8.7 g’s and 15.8 g’s for qualification. Very little information was available on sine 
vibration requirements actually being used by the projects. Reference [4] cites that if the random 
vibration test does not show a self-resonance above 140 Hz, then the sinusoidal test can be 
skipped. Reference [4] also states that the shock and vibration expected in shipping and handling 
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dynamics environment.” 

Shock requirements originate from conditions experienced in shipping and handling as well as 
launch and separation of a payload from the launch vehicle. The acoustic stress comes from the 
cavity geometry between the payload or subsystem and the spacecraft or launch vehicle’s fairing 
walls. GEVS specifies the amount of acoustic blanketing to be used in the cavity and 
qualification and acceptance test limits. The shock condition is assumed to be very high in 
energy and frequency but short in duration, and the damage is assumed to occur when a part of 
the test sample begins to resonate. Without the resonating response, the shock vibration 
frequency dissipates quickly. Table 4 shows shock and Table 5 shows acoustic vibration 
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3. Particle Impact 

Particle impact refers to micrometeorite hits during orbit or space travel. The long-duration 
exposure failing (LDEF) experimental testbed measured micrometeorite impacts in low-Earth 
orbit in the early 1980s and found that during its 5.75-year exposure, LDEF saw one impact of 
about 0.7 mm in diameter, per 7 m2 of exposed surface area in the RAM direction (estimated rate 
of travel of 10 km/s). This sort of impact is expected to be able to penetrate approximately 2.5 
mm of aluminum. Another example of micrometeorite impact observed on the Hubble Space 
Telescope (HST) solar cell array is shown in Figure 1. 

The lunar surface is more exposed to micrometeorites 
with the oncoming matter. Impact velocities range from 24 to 72 km/s on the moon. 

se there is no atmosphere to interfere 
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ble 6 shows partic LEO and other ty 

cavities to the degree that visibility can be reduced or that 
operation of the system could be impacted. 

No data was collected for actual projects for particle impact requirements, as that requirement is 
not usually available to the parts engineer and generally parts are not qualified with respect to 
this environmental condition. 

Figure 1. HST Solar Cell Impact C 
(Size 4 mm). The shown crater was 
on the solar arrays of the Hubble Sp 

0.5 mm diameter 

visible with the n 
retrieved solar ce 

10-20 k d s .  Tho 

u .. 1 - 4 I. a 

4. Temperature Extremes and Cycling 

Temperature extremes expe ed by flight hardware are a combination of their location with 
respect to the sun or a shadow (planet or spacecraft) or in engineered environments (e.g., a 
dewar), and the overall thermal management of the spacecraft, which might involve the use of 
thermal radiators, heaters, or coolers. Table 7 shows temperature extremes and the number of 
cycles expected on a yearly basis for the different mission categories. [2] 

The temperature range in LEO goes from -65 O to +125 "C with thermal cycling dep 
the orbit height. Temperature conditions in GEO are similar to LEO on the hot side and colder 
when the spacecraft enters the Earth's shadow about twice a year over a period of 45 days (each 
time). During these 45-day periods, the spacecraft is in shadow daily for a maximum of 70 
minutes. Trans-atmospheric vehicles will experience temperature extremes from -200 "C to 
+260 "C; however, temperature cycling is not an issue because operation duration in orbit is for a 
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has four seasons as on Earth. The temperature varies, depending on location, but generally 
during summer high temperature at the equator ranges from -12 "C to 4 "C, and during the winter 
polar temperature goes as low as -126 "C. [5] Temperatures recorded by past missions are 

Table 8. Temperatures Recorded by Past Mars Missions [6,7] 

. . .  

1, Temperatures fiom references converted to metric units for consistency. Figure 2. Thermal Blankets 
Covering the Cassini 

Spacecraft 

The values in Table 7 represent unmanaged environmental temperatures. The values would be 
much less for electronics in a temperature-managed area, perhaps by as much as half. The 
temperature requirements increase towards these numbers when standard military specification 
requirements are used for electronics, namely -55 "C to 1-125 "C. 

PPEs surveyed for the temperature extremes and cycling reported temperature numbers in the 
range of -50 "C to +50 "C for standard missions and up to -165 "C to +93 "C for an external arm 
on a GOES spacecraft. In these cases, 12 to 20 cycles were defined. 



able 10. Pressure Conditions [2] 

Trans-Atmgspheric 

+ Martian Surface 
I 

Conditions 
517 Torr 
lo-’’ Torr 

Torr (interplanetary) 
lo-’ to Torr 

4.4 to 11.4 Torr 

Composition 
21% oxygen‘ 

, 

Gases (mainly neon, helium, and hydrogen) 
exist due to seismic activity but quickly 
dissipate due to lack of gravity and UV 
radiation. [ 1 11 
95% carbon dioxide, 3% nitrogen, and trace 
amounts of oxygen and water. [ 121 

Note: 
1.  Prior to EVA activity, the vestibule area’s atmosphere is enriched to 30% oxygen at 69 @a. 

onsidered for the “conditions of transportation, storage, the orbiter cargo bay, and 
the orbiter manned spaces.” Humidity is also used as a specialty condition that accelerates 
certain failure mechanisms in certain types of parts. 



Equivalent Sun hours (ESH) per year is used to compare the stress due to UV radiation between 
various mission types in Table 12 [2]. The energy of UV radiation has been found to alter the 
composition of materials such as polymers. 

1. ESH = Equivalent Sun Hours 

8. Ionizing; Particle Radiation 

these particles is the Sun, via the solar wind, and they are either encountered directly from the 
Sun’s flux or in the Van Allen belts surrounding the Earth where they are trapped in large 
densities. The number, flux, and energies associated with a mission profile vary highly and are 
the subject of a large part of the discipline of radiation physics and engineering for space (see 
http://radhome.nsfc.nasa.Pov/radhome/rpo.htni). Information and products related to radiation 
tolerance levels of 300 kRads and higher are considered sensitive information and are subject to 
International Traffic in Arms (ITAR) regulations. NASA programs were researched to find 
current typical mission re 
13 lists the results. 

ments and few representative examples are shown below. Table 
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9. Atomic Oxygen 

se erosion due to 
impact with the fast moving spacecraft. Table 14 shows atomic oxygen concern based on 
mission profile [2]. 

19. Gravity , i i  

Although we think of the space environment as generally uniform with respect to gravity and at 
zero gravity, we know that there are non-zero-gravity conditions in forward-moving spacecraft 
and on planet surfaces. Zero gravity, or reduced value of gravity, has a significant effect on 
mechanical systems such as spacecraft and instruments and dominates our strategies for thermal 
management. It is important to recognize that terrestrial applications leverage heavily from the 
heat conduction through the ambient media of air and the “free” work that gravity provides when 
it pulls cold air toward hot spots and lighter hot air floats away (convection). A much reduced 

i h I‘ . T ’  ‘ R  , -  “ \ ”  2 ‘3 * .  

nt makes these passive thermal management removal methods unavailable. 
onditions for various mission types [2]. 
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Table 15. Gravity [2] 

should be considered when designing spacecraft and subsystem grounding schemes and during 

mission types [2]. 

Table 16. Charged Plasma Environment [2] 

several different combinations involving temperature, vacuum, and humidity (Table 1 3). The 
level of vacuum required is 1 0-5 Torr. Test temperatures to be used are defined by project use 
temperatures but must provide at least a k10 "C margin (with an exception in temperature- 
controlled areas). The number of temperature cycles varies on the hardware level. Spacecraft 
and payloads are required to have four thermal-vacuum cycles performed with dwells at the 
temperature extremes for 24 hours. Instrument and subsystems are required to have four 
thermal-vacuum cycles performed, dwelling at temperature extremes for 12 hours. Eight cycles 
are required at the component or unit level with dwell times of 4 hours. Table 17 shows GEVS 
test requirements for combined environments [2]. 
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T = Test, A = Analysis 

Appendix A provides listing of en 
projects. 
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