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Design Goals

= The CIl guidelines are provided to increase
Instrument compatibility with spacecraft so that the
maximum number of Missions of Opportunity (MoO)
can be realized

= The CIl guidelines are designed to allow both the
Instrument and the spacecraft providers to work
Independently through the early phases of the
applicable design processes

= Final implementation details will still require some
resolution between the instrument and the
spacecraft once paired in an MoO via the
Spacecraft to Instrument ICDs




These guidelines are provided to assure instrument
compatibility with the defined environment(s)

The current set of environmental guidelines are
defined for LEO (Low Earth Orbit)

The environmental guidelines do not yet address
guasi-static launch accelerations but we do plan to
Implement a MAC (Mass Acceleration Curve)
approach to same

We want to engage with the “potential user
community” and would appreciate their input to the
process of defining the CIlI guidelines




ENV-2 EXPLOSIVE ATMOSPHERE:

The instrument and assemblies should be designed to operate in the
presence of flammable vapors without initiating an explosion or fire

ENV-4 SINUSOIDAL VIBRATION:

The Instrument should be designed to survive and fulfill its mission after
application of launch vehicle-induced transient environments
represented by the following sinusoidal vibration design guideline:

Displacement or Acceleration

Frequency | Amplitudes
Flight Acceptance Design/Qual PF
5-18 &§mm (0.31) DA 12mm (048 in) DA
18-30 56gpk 8 gpk

oct/min

. . & S iy / . : e 3k S # -
One sweep: 5 - 50 Hz @ 4 oct/min; except in the freqrange 25-35 Hz @1.5




ENV-5 RANDOM VIBRATION:

The Instrument should be designed to survive and fulfill its mission after
application of launch vehicle-induced transient environments

represented by the following random vibration design guideline:

Random Vibration Frequency, Design, Qual, Flight Acceptance
F one/Assemblv H=z Protoflight (PF)Level (FA) Level
20 00l =8z 0.005 28z
I 20 - 30 +2.27 dB/octave + 227 dBl/octave
[nstrument 50 - 800 0.02 g2 Hz 0.01 g2 Hz
SO0 - 2000 - 2.27 dB/octave - 2.27 dB/octave
2000 0.01 g Hz 0.005 g*Hz
Orverall 5.6 o 40 g




ENV-6 ACOUSTIC NOISE:

The acoustic noise design guideline for both the instrument and its
assemblies is a reverberant random-incidence acoustic field specified in
1/3 octave bands. The acoustic noise spectra are specified in the
following table. The design/qual exposure time is 2 minutes; PF/FA
exposure time is one minute

1/3 Octave Band Center Design/Qual/PF Flight Acceptance Sound
Frequency (Hz) Sound Pressure Levels Pressure Levels
(dB re 20 pPa) (dB re 20 pPa)
315 1225 1185
40 1255 1225
30 1205 1265
63 1310 1280
80 1315 1283
100 1325 1205
125 1330 1300
160 1330 1300
200 1335 1305
230 1345 1315
313 1355 1325
400 1345 1315
500 1310 T 1280
630 128.0 125.0
800 1250 1220
1000 1230 1200
1250 1210 1180
1600 1200 117.0
2000 1185 1163
2500 1190 116.0
31350 1180 1150
4000 1163 1135
5000 1140 1110
6300 1100 107.0
8000 106.0 1030
10000 1030 1000
Overall 1438 1408 6
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= ENV-7 PYROSHOCK:

Pyrotechnic shock design guidelines are defined at the
Instrument/spacecraft interface in the following figure. The instrument is

designed to survive two shocks
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ENV-8 ACCELERATIONS:

The Instrument should be designed to withstand a maximum

acceleration of 0.015 g on orbit without permanent degradation of
performance

ENV-11 THERMAL RADIATION:

The Allowable Flight Temperatures (AFT) for the instrument should not

be exceeded during the mission when exposed to the applicable worst
case expected thermal radiation levels of the following:

Mission Phase

Solar Flux Earth Albedo Earth IR

(LW Radiation)

H—

Earth Orbit: 1290 to 1420 W/mn? 0.275t0 0.375

222 tp 243 Wim?




ENV-14 MAGNETIC FIELD CONSTRAINTS:

The instrument should be designed with the following magnetic field
emissions and susceptibility constraints:

Magnetic Field Emissions

AC Magnetic Field Emissions: The radiated AC magnetic field levels from the instrument
shall be limited to 60 dB above 1 pico-Tesla between 20 Hz and 50 kHz using the RE04 test
method of MIL-STD-462. The measurement bandwidth shall be 10 Hz between 20 Hz and
200 Hz; 100 Hz between 200 Hz and 20 kHz; and 1 kHz between 20 kHz and 30 kHz.

DC Magnetic Field Emissions: The residual magnetic dipole moment of the instrument shall
be less than 0.5 A-m?

Magnetic Field Susceptibility

AC Magnetic Field Susceptibilitv: The instrument shall operate within specification when

subjected to an AC magnetic field level of 124 dB above 1 pico-Tesla between 30 Hz and 200
kHz. The ES01 test method of MIL-STD-462 shall be used for measurement.

DC Magnetic Field Susceptibilitv: The instrument shall operate within specification when
subjected to an ambient magnetic field consisting of the earth’s field (15 to 30 micro-Tesla),
the fields generated bv neighboring instruments (3 micro-Tesla maximum), and the field
produced by the spacecraft magnetic torquers (1000 micro-Tesla maximum).




Backup Materials
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Requi t
equll;men Function Guideline

LAUNCH ENVIRONMENT

ENV-1 LAUNCH PRESSURE PROFILE |The instrument should be designed to withstand a maximum atmospheric pressure decay rate of 30 torr/sec (4 kPa/sec) TBR

ENV-2 EXPLOSIVE ATMOSPHERE The instrument and assemblies should be designed to operate in the presence of flammable vapors without initiating an explosion or fire

ENV-3  |VACUUM The design pressure for the mission will decrease from 101 kPa (~760 torr) at sea level to 1.3x10-15 kPa (10-14 torr) in space

DYNAMICS

The Instrument should be designed to survive and fulfill its mission after application of launch vehicle-induced transient environments
represented by the following sinusoidal vibration design requirement:

Displacement or Acceleration
Frequency 1 Amplitudes
ENV-4 Sinusoidal Vibration thht ACCEDIE.HCC De51gn Qu"alPF
5 -18 8§ mm (0.31) DA 12 mm (0.48 in) DA
18-50 5.6 gpk 8 gpk
One sweep: 5 - 50 Hz @ 4 oct/min; except in the freqrange 25-35 Hz @1.5
oct/min

The Instrument should be designed to survive and fulfill its mission after application of launch vehicle-induced transient environments
represented by the following random vibration design requirement:

Random Vibration Frequency, Design, Qual, Flight Acceptance

Zone/Assemblv Hz Protoflight (PF)Level (FA) Level

ENV-5 Random Vibration 20 0.01 g¢~Hz 0.005 g~Hz
I 20 - 50 +2.27 dB/octave + 2.27 dB/octave

Instrument 50- 800 0.02 g*Hz 0.01 g2Hz
800 - 2000 -227 dBo‘taw - 2.27 dB/octave

2000 0.01 g*Hz 0.005 g*Hz

Owerall 5.6 Bogs 40 g
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ENV-6

Acoustic Noise

The acoustic noise design requirement for both the instrument and its assemblies is a reverberant random-incidence acoustic field specified in

1/3 octave bands. The acoustic noise spectra are specified in the following table. The design/qual exposure time is 2 minutes; PF/FA exposure

time is one minute.

173 Octave Band Center
Frequency (Hz)

Design/QualPF
Sound Pressure Levels

(dB re 20 pPa)

Flight Acceptance Sound
Pressure Levels

(dB re 20 uPa)

il
0
63
&0

100

123

160

Oheerall

122.5

140.8




Pyrotechnic shock design requirements are defined at the instrument/spacecraft interface in the following Figure. The instrument is designed to

survive two shocks.
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ENV-8  |Accelerations The Instrument should be designed to withstand a maximum acceleration of 0.015 g on orbit without permanent degradation of performance.
ENV-S | THERMAL ENVIRONMENT During ascent, the Instrument should be designed to maintain assembly allowable flight temperatures, within the non-operating temperature
range, per Table TBD
ENV-10  |coRONA The test articles should be designed to prevent corona or other forms of electrical breakdown at pressures <1.33 x 10-6 kPa (10-5 torr). RF/high
voltage circuitry is subject to multipacting/arcing damage at critical pressure.
The Allowable Flight Temperatures (AFT) for the instrument should not be exceeded during the mission when exposed to the applicable worst
case expected thermal radiation levels of the following:
ENV-11 |THERMAL RADIATION Mission Phase Solar Flux Earth Albedo E_anh IR
T (LW Radiation)

Earth Orbit: 1290 to 1420 Wim? 0.2751t0 0.375 222 to 243 Wm?
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THERMAL RADIATION

The thermal control design should control the Instrument temperatures within the Protoflight levels when exposed to the applicable thermal
radiation levels in ENV-11 with a 20% test margin applied to the high levels.

ASSEMBLY TEMPERATURES

Instrument electronic assemblies, where possible, should be designed to operate within specification over the PF temperature range of -20°C to
+75°C or AFT + 25°C whichever is more extreme

ENV-14

MAGNETIC FIELD
CONSTRAINTS

The instrument should be designed with the following magnetic field emissions and susceptibility constraints:

Magnetic Field Emissions

AC Magnetic Field Emissions: The radiated AC magnetic field levels from the instrument
shall be limited to 60 dB above 1 pico-Tesla between 20 Hz and 30 kHz using the RE04 test
method of MIL-STD-462. The measurement bandwidth shall be 10 Hz between 20 Hz and
200 Hz; 100 Hz between 200 Hz and 20 kHz; and 1 kHz between 20 kHz and 50 kHz

DC Magnetic Field Emissions: The residual magnetic dipole moment of the instrument shall
be less than 0.5 A-m*

Magnetic Field Susceptibility

AC Magnetic Field Susceptibilitv: The instrument shall operate within specification when
subjected to an AC magnetic field level of 124 dB above 1 pico-Tesla between 30 Hz and 200
kHz The RS01 test method of MIL-STD-462 shall be used for measurement.

DC Magnetic Field Susceptibilitv: The instrument shall operate within specification when
subjected to an ambient magnetic field consisting of the earth’s field (15 to 50 micro-Tesla),
the fields generated by neighboring instruments (3 micro-Tesla maximum), and the field
produced by the spacecraft magnetic torquers (1000 micro-Tesla maximum).
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ELECTROMAGNETIC COMPATIBILITY (EMC

Narrowband conducted emissions of the instrument on power and power return leads should be limited to the levels specified in the following
when measured in accordance with the CE01 (30 Hz to 20 kHz) and CEQ3 (20 kHz to 50 MHz) test methods of MIL-STD-462. The measurement
bandwidth should be as specified in the following:

T —
T TTTI
(30,120) || (350,120)
120 AT ; l
100 .\
ENV-15 Conducted Emissions, Power 80}-—- i_“ Lﬁ. ...................................................... I
Leads (CEQ1/CEQ3) " 1 |
@ | | e
= 60| L1 - —— I £
I | (201, 50)
a0 1 AR I
E & = bandwadth (Hz) 2 20
| . {50, 20) |
=TI =TT T T T i 'L|3='50-<:
£ slgfma [ = 500 rea r_|,|=|-‘q—|'—'.
[ O 6 AT O L 1) D RN
10 100 1K 10K 100K 1M 10M 100M
FREQUENCY, Hz
Broadband conducted emissions of the instrument on power and power return leads should be limited to the levels specified in the following
over the frequency range of 20 kHz to 50 MHz, when measured in accordance with the CE03 test method of MIL-STD-462.
(20K, 125)
120}-—
101
ENV-1E Conducted Emissions, Power S]] S R R
] Leads (CE01/CE03) E]
aol.L LU L1 11EZM. SQ) 111 (SON
& = bandwidth (Hz)
o | L 11 L0 N e
10K 100K M 10M 100M
FREQUENCY, Hz
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Instrument assemblies should not radiate electric fields in excess of the levels presented in the following (broadband) and (narrowband), when
measured according to the RE02 test method of MIL-STD-462 over the frequency range of 14 kHz to 18 GHz. The narrowband measurement
bandwidth should be 500 Hz between 14 kHz and 2.5 MHz, 5 kHz between 2.5 MHz and 30 MHz, 50 kHz between 30 MHz and 1 GHz, and 100 kHz

between 1 GHz and 18 GHz.

110 e 70 LR
14K 10 (18G. 64
100 4440 &0
e
ENV-20 Radiated Emissions, E-Fields | |4 1y x
) (REO2) %‘” i £ ek 3
b = T
E 0l 230
2 il ] N
% 8 i 0 TH
N - (25M, 20)
1] _;. 5l 0 206, 131[12.26. 13)
aol LLLHEN LELRERL B0 PAED 4 e e b e ot B e Sk i] m
10K 100K 10M oo 106 100G 10K 100K 1™ 10M 100M 16 106 100G
FREQUENCY. Hz FREQUENCY, . Hz
Radiated Broadband Limits For Electric Field Emissions. Radiated Narrowband Limits for Electric Field Emissions
ENV-21 Conducted Susceptibility, Differential Voltage Ripple Test. The assembly components connected to the power bus should operate nominally under the following bus

Power Line Ripple

conditions of sine wave voltage ripple added to any dc voltage: Power Bus: 3 V p-p with frequency 30 Hz to 400 MHz
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Conducted Susceptibility,
ENV-22 P ty

Power Line Transient Tests.

The assembly should operate within specification when the input power leads are subjected to the power line transients illustrated in the

following figure and table. Positive and negative spikes having a peak voltage equal to the steady-state input power bus voltage and a pulse
width of 10 u-sec should be applied to each input power lead using the CS06 test method of MIL-5TD-462.

036

vaoltg

HOTE,  The est sample oall Be subjécied ¢
178 Apikeiri wih the Woveiom $a0wn
arvd wils the s2a2ihed vakagesi and
ulszwidih!s).

ENV-23

Radiated Susceptibility,
Electric Field (R503).

Transient Polarity DC Line Voltage Repetition Rate Duration
Positive Transient 28 Volts 60 pulses/sec 5 Minutes
Negative Transient 28 Volts 60 pulses/sec 5 Minutes
The component/finstrument should not exhibit any undesirable response, malfunction or performance degradation beyond the tolerances allowed

by its specification when it is subjected to the following radiated electric field strengths using the RS03 test method of MIL-STD-462:
* 2 V//m between 14 kHz and 2 GHz

* 10 V/m between 2 GHz and 18 GHz, except at the following spacecraft transmitter frequencies:
* 20 V/m at 2.2875 GHz +/- 2 MHz

* 20 V/m at 8.16 GHz +/- 100 MHz

17
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RADIATIO

N

The instrument should be designed to operate within specification during and after exposure to the Total lonizing Dose radiation environment of

Table 4-6 over the three year mission life. The TID of Table contains no margin or uncertainty factors. The TID vs shielding thickness curve for

an aluminum, spherical shell shield exposed to these fluences is given in the following figure:

Shisld Thicknass Total Jonizing Dosa Shisld Thicknass Total lonizing Doss 1.00E+07
[mils-Al] (Rads-Si) [mils-Al] (Rads-Si) 5 I
1 3.26E+06 7.23E+03 H
3 1.92E+06 4.95E+03 . o0E+06
3 1.24E+06 3 45E+03 5
6 8.62E05 2.63E+03 5’: R
Total lonizing Dose (TID 7 6.30E+03 2.21E+03 ] T AY
ENV-25 o g_ (T1D) 9 4.79E+05 1.95E+03 & 1OOEHDS
Radiation Environment 10 3 76E+05 1.58E+03 = I
; S heo o b : £ I
12 3.00E+05 1.39E+03 @
13 2 44E405 121E+03 2 1.00E+04 I ~
15 2.00E+05 1.08E+03 =
19 398E+04 9.82E-+02 e
44 3.28E+04 8.90E=02 1.00E+03 |
5 1.18E+04 TAYE+02 0 100 200 300 400
73 1.5TE+H04 5.6TE+02 i i |
§7 1.1SE+04 4,50E+02 Shielding [mils Al
Mission Total Ionizing Dose
Total lonizing Dose (TID) A Radiation Design Margin (RDM) for a given electronic part (with respect to a given radiation environment) is defined as the ratio of that part's
ENV-26 8 capability (with respect to that environment and its circuit application) to the environment level at the part's location. The hardware should be

Radiation Environment

designed so as to provide all parts an RDM of two (2] or greater.
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ENV-27

Displacement Damage
Effects

Prediction of proton-induced displacement damage to sensitive electronic parts should be based on the differential proton fluence in the
following table and the integral proton fluence in the following figure. An RDM of 2 should be applied to this fluence.

Emerging Pasticles Emerging Bahind Tantalum Sphares
Energy

BdelD

EOS Common Spacecraft: I=08 deg, h=705km
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ENV-27

Displacement Damage
Effects (continued)

Proon Auence (plem 2)

1B+t

1E-0

- B0 MV Eguvis OaAs (Al ——p— ED | Auedse (AD © G0MeV Eguivin Gahs (Ta) ]

EOl Ruebi e IT:']

100 20 W

Ehipld TRickn e1s (mis)

Integral Froton Fluence with 50 MgV Equivalent in (GaAs
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Single Event Effects (SEE)

The instrument should be designed to operate as defined below when exposed to Galactic Cosmic Ray and small solar flare protons specified and
the trapped proton/electron peak flux environment specified in the following tables. The integral Galactic Cosmic Ray Linear Energy Transfer
(LET) spectrum is provided in Figure 4-10. The required operational capabilities and associated design requirements are as follows:

1) Temporary loss of function or loss of data is permitted, provided that the loss does not compromise instrument health and full performance
can be recovered rapidly.

2) To minimize loss of data, normal operation and function should be restored via internal correction methods without external intervention.

3) Irreversible actions should not be permitted. The hardware design should have no parts which experience radiation induced latch-up to an
effective LET of 75 MeV/mg/cm2 and a fluence of 107 ions/cm2.

Surface Surface Emarging Particles Emarging Behing Tantalum Sphares Alamingm

Incidant I t Eracgy s Trapped Proton (E23 MeV) Fl 6.4x10° particles'cmsec
= Trapped Electron (E>0.5 MeV) Fix 3.2x10° particles'cm’sec

Trapped, Peak Proton and Electron Fluxes

ENV-28
Radiation Environment.
The Instrument should be deslgned to survlve the solar flare event speclfled In the followlng table without permanent degradation or damage and
to operate within specification after the event. If necessary, external intervention is allowed to restore functionality.
Energy (MeV) Flux (Particles'cm®sec) | Total Event Integral Fluenct
(Particles'cm?)
> 10 1.1E=06 3.4E+09
ENV-29  |solar flare event =30 2. 6E<05 1.8E<00
>60 $.0E~04 6.4E+08
>100 - 1.5E+08
The total event intezal finence 15 accumulated withim 2 fime inReval of 2 few hows totwodavs

Solar Flare Proton Peak Fluxes and Associated Total Event Integral Fluences

(Instrument Survival)
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ELECTROSTATIC DISCHARGE

The voltage between any instrument surface area greater than 0.5 cm2 and instrument structure should be less than or equal to 200 volts, when

ENV-31  |External Potential Difference .
exposed to a 5 nA/cm?2 flux level of electrons with 20 keV energy
ENV-32 Electrostatic Discharge The instrument should not be susceptible to a 6 mJ arc discharge (13 kV from 70 pF capacitor or equivalent) applied at a distance of 25 cm from
Susceptibility the exterior surface of the instrument
Metallic elements, including wires, unused conductors of cable, connectors, circuit board traces, and spot shields greater than 3 cm2 in area or
) 25 cm in length should have a conductive path to ground of less than 108 Ohms when measured in air and less than 1012 Ohms when measured
ENV-36  |Internal Charging

in vacuum. Flight hardware that is shielded from the external radiation environment by >0.32 cm (125 mils) of aluminum (or equivalent) need not

be grounded.

SOLID PARTICLE ENVIRONMENTS

The following table should be used as the design level fluence (nominal levels, no margin, omnidirectional fluence) for the Instrument mission

micrometeoroid environment (cumulative)

Particle mass, M Ommnidirectional Fluence
{grams) (particles'm® of mass > M)
Micrometeoroids Artificial Space Debris
1.0E-12 1.0OE+04 2 3E+06
1.0E-10 1.9E-03 5.0E+04
1.0E-08 3.6E-02 1.1IE-03
1.0E-06 1.4E-01 2.3E-01
1.0E-05 1.4E-00 14E 00
ENV-37  |Micrometeoroids 1.0E-04 0.9E-02 5.0E-01

1.0E-03 5.7E-03 7.3E-02
1.0E-02 2 9E-04 1.1E-02
1.0E-01 1.4E-05 1.6E-03
1.0E 00 6.7E-08 2.7E-04
1.0E+01 - T 6.9E-03
1.0E+02 11E-05

For micrometeoroids: average particle density = 2.5 g cm™

mean penatration speed = 19 km 5!

For artificial space debris: particle density =2 5t0 3.0g em™

mean penetration speed = 7 to 10 km s*

The above table should be used as thedesign level fluence (nominal levels, no margin, omindirectional fluence) for the Instrument mission
ENV-38 |Artificial Space Debris & ( g )

artificial space debris environment (cumulative)
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