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Section 8

ELECTROMAGNETIC COMPATIBILITY

8.1 ORBITER/SPACEHAB-PRODUCED INTERFERENCE ENVIRONMENT

Electromagnetic interference (EMI) control criteria and electromagnetic compatibility (EMC)
requirements are discussed below.

8.1.1 Conducted Interference

Exposure to the conducted interference levels identified herein shall not cause the payload to
present a hazard to SPACEHAB or personnel. The DC ripple, AC modulation, and transient
spike environment in which SPACEHAB module payloads operate is the result of Orbiter,
SPACEHAB, and payload conducted emissions sources. See Section 7.4.4 for the DC Power
Ripple and Transient Limits, and Section 7.5.2 for the AC Power Modulation and Transient
Spike Limits. To ensure payload success, each payload element shall be designed to withstand
these environments. The susceptibility test criteria defined in MSFC-SPEC-521B characterizes
the SPACEHAB module environment and is sufficient for determining payload compatibility
within that environment except for DC ripple above 50kHz. The test level for DC ripple above
50kHz (CS02 test) is0.24 Vrms.

8.1.2 Radiated Interference

Exposure to the radiated EMI levels identified herein shall not cause the payload to present a
hazard to SPACEHAB or personnel. The electric and magnetic field environment in which
SPACEHAB module payloads operate is the result of Orbiter, SPACEHAB, and payload
radiated emissions sources. To ensure payload success, each payload element shall be designed
to withstand these environments. The susceptibility test criteria defined in MSFC-SPEC-521B
characterizes the internal SPACEHAB module environment and is sufficient for determining
payload compatibility within that environment.

Orbiter produced unintentional electric field emissions along the payload bay center-line under
normal operating modes are defined in Figures 8-1 and 8-2. The worst case intensities produced
by Orbiter-installed transmitters (intentional Orbiter electric field emissions) are defined for the
SPACEHAB module in Figure 8-3. Emissions shown are applicable with the Orbiter payload
bay doors open.

Additionally, the maximum field intensities associated with the transmitters that support crew
members during an EVA are 6.5 V/m (136.3 dBuV/m) at one meter from the TV antenna of the
Extravehicular Mobility Unit (EMU) and 3.8 V/m (131.6 dBuV/m) at one meter from the EMU
EVA voice antenna. Table 8-1 provides the EVA transmitter frequency ranges, modulation
types, and field strengthsin Figure 8-3.

The Space Transportation System (STS) Wireless Crew Communications System (WCCS) may
be used in the SPACEHAB module as well. WCCS operational frequencies are between 338.0
MHz and 392.0 MHz. The maximum radiated field intensity for the WCCS is 1.0 V/m (120
dBuV/m) a 1 meter away from the source.
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Orbiter produced radiated field levels are attenuated by the SPACEHAB module structure. Due
to the similarity of the SPACEHAB module to the Spacelab module, the attenuation factors for
the SPACEHAB module are similar to those for the Spacelab module. Typica measured values
for Spacelab attenuation at several frequencies are listed in Table 8-2. When evaluating the
possibility of operating radio frequency receiving equipment or electric field sensing instruments
in the SPACEHAB module, these attenuation factors should be applied to the Orbiter field
levelsin Figures 8-1 through 8-3.
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TABLE 8-1. TRANSMITTER CHARACTERISTICS
Transmitter Antenna (1) Carrier Frequency Modulation
S-Band FM S-Band HEMI 2250.0 MHz FM
S-Band PM S-Band Quad 2217.5 Or 2287.5 MHz PSK, PM
(Network Transponder)
Payload Interrogator:
STDN (NASA) S-Band Payload 2025.8334 To 2117.9166 MHz | PM
DSN (NASA) S-Band Payload 2110.2431 To 2119.7924 MHz | PM
SGLS (DOD) S-Band Payload 1763.721 T01839.795 MHz | PM
KU-Band KU-Band
Return Link 15.0034 GHz QPSK, FM
Radar Ranging | 13.883 GHz Pulsed Carrier -
Pulse Rate: 268, 3000,
7000 PPS
Pulse Width:
66.4 us max.
122.0 nsmin.
EVA/ATC UHF (10 Watts) 259.7 MHz AM,
ATC Air-To-Ground 296.8 MHz 90 % Voice
243.0 MHz (Guard Band)
EVA (Orbiter-To-EVA) | UHF (0.25 Watts) | 296.8 MHz Normal AM,
Duplex 259.7 MHz 90 % Voice
Backup (Simplex)
EVA (EVA-To-Orbiter) | UHF (0.25 Watts) AM,
EVA-1 90 % Voice Plus
q Biomed Dataon 5.4 kHz
A-Mode 259.7 MHz Subcarrier
B-Mode 279.0 MHz
EVA-2
A-Mode 279.0 MHz
B-Mode 259.7 MHz
Simplex (Back-Up) 259.7 MHz No Biomed Data

Note: Corresponding radiation levels defined in Figure 8-3.
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TABLE 8-2. ATTENUATION OF ELECTRIC FIELDSBY SPACELAB MODULE

Frequency Attenuation
10 kHz 100dB
10 MHz 40dB

100 MHz 50dB
2 GHz 30dB

10 GHz 20dB

SPACEHAB produced electric fields, which may be experienced by payloads in the module, are
controlled to the same levels required of the payloads. These requirements are described later in
this section. SPACEHAB subsystem hardware includes no intentional transmitters. All
emission level requirements are specified such that a minimum of 6 dB safety margin exists
between allowable emissions and susceptibility levels.

The worst case Orbiter generated magnetic field environment occurs near Orbiter power busses.
At any location, Orbiter generated AC magnetic fields will be limited to less than 140 dB above
1 picotesla (dBpT) from 30 Hz to 2 kHz, falling 40 dB per decade to 84 dBpT at 50 kHz.
Orbiter generated DC magnetic fields will be less than 170 dBpT.

SPACEHAB generated AC magnetic fields, at a point one meter distant from any SPACEHAB
equipment, will be limited to less than 130 dBpT in the frequency range of 30 Hz to 1 kHz,
falling by at least 40 dB per decade to 63 dBpT at 50 kHz. No requirements have been imposed
to control magnetic fields below 30 Hz, but the use of magnetic materia has been avoided as far
asit has been practical.

Lightning produced magnetic fields in the payload bay will not exceed the following peak
levels:

A.Vehiclesin flight: 20 A/m.
B. Vehicles on the ground protected by facility or other structures: 40 A/m.
C. Vehicles on the ground not protected by facility or other structures: 75 A/m.

The risetime to peak value is 2 us and the falltime to zero value is 100 pus. The payload shall be
designed such that a failure due to lightning strike shall not propagate to other payloads, the
SPACEHAB module, or the Orbiter.
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8.2 PAYLOAD PRODUCED INTERFERENCE ENVIRONMENT

8.2.1 Payload Produced Conducted Noise

Payload produced conducted emission limits are as follows:

A. DC Power Interfaces

1.

Payload emissions conducted over DC power interfaces (CEOL1 and CEQ3) shall not
exceed the limits defined in Figure 8-4.
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FIGURE 8-4. PAYLOAD CONDUCTED NARROWBAND EMISSION LIMITS

2.

SPACEHAB module manifested payload generated transient spikes produced on DC
power lines by switching or other operations shall not exceed the limits defined in
Figure 8-5 when fed from a source impedance not less than the values defined in
Figure 8-6. (The use of a battery cart is preferable to regulated DC power supplies).
Each non-overlapping transient spike is considered independent of prior or post
transients. A single spike envelops the elapsed time from the beginning of the spike
to the time a which the voltage amplitude of the spike has recovered to
approximately 10 % of the nominal bus voltage from which the spike began. Each
individual spike isto be compared separately against the allowable values defined in
Figure 8-5. Transient spike rise and fal times shal be greater than 1.0 us. The
Steady State Ripple voltage in the time domain shall not exceed + 0.45 V line-to-
line, starting at approximately one second after the transient.
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B. AC Power Interfaces

1. Payload emissions conducted over AC power interfaces shall not exceed the limits
defined in Figure 8-4.

2. Payload generated transient spikes produced on AC power lines by switching or other
operations shall not exceed the limits defined in Figure 8-7 when fed from source
impedance not greater than 10 Q. Peak spikes below 10 us duration shall be limited to +
60 V superimposed on the 400 Hz sine wave. Transient rise and fall times shall be
greater than 1.0 us.
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FIGURE 8-7. ENVELOPE OF PAYLOAD ALLOWED TRANSIENT SPIKE VOLTAGE
AMPLITUDE ON AC POWER BUSSES vs. SPIKE PULSE WIDTH

8.2.2 Payload Produced Radiated Fields
The payload produced radiated fields must be limited as follows:

A. The generated AC magnetic fields (applies at a distance of 1 meter from any payload) must
not exceed 130 dB above 1 picotesla (30 Hz to 2 kHz) falling 40 dB per decade to 50 kHz.
The generated DC magnetic fields must not exceed 170 dB above 1 picotesla at the payload

envelope. Thislimit appliesto electromagnetic and permanent magnetic devices.
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B. Unintentional radiated electric fields must not exceed the levels defined in Figures 8-8 and
8-9 except that the broadband emissions for payloads in the payload bay shall be limited to
70 dB above 1 uV/m/MHz in the frequency range of 1770 MHz to 2300 MHz. Narrowband
emissions shall be limited to 35 dB above 1 uV/m from 1770 MHz to 2300 MHz, excluding
any payload intentional transmitters.
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FIGURE 8-9. PAYLOAD ALLOWABLE RADIATED NARROWBAND EMISSIONS

C. This paragraph applies to intentional transmitters powered by SPACEHAB but mounted
external to the SPACEHAB module. No intentional radiation will be permitted with the
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Orbiter payload bay doors closed. Allowable levels of radiation from payload transmitter
antenna systems with the payload bay doors open are shown in Figure 8-10. These radiation
limits apply at the surfaces defined as follows:

1.

The allowable payload-to-payload limit is defined as the radiation impinging upon
imaginary planes (Orbiter Y, Z) located at the smallest and largest Xo allocated to the
radiating payload, or upon the imaginary planes (Orbiter X, Z) located at the smallest and
largest £Yo alocated to the radiating payload. These limits have been established to
permit flexibility in manifesting payloads. Payload contractors required to demonstrate
performance margins when their payloads are exposed to these limits are advised to raise
the test emissions levels proportionately in their radiated susceptibility procedures.

The alowable payload-to-Orbiter limit is defined as the radiation impinging upon an
imaginary surface 3 in beyond the payload allowable envelope for envelope Z, < 410.
This does not limit radiation at higher levels with a directional antenna through open
payload bay doors (Zo > 410).

The alowable payload-to-Remote Manipulator System (RMS) limit for payloads
attached to the RMS is defined as the radiation impinging upon an imaginary plane
containing the RMS wrist roll joint end face, which is the mating interface for the
Standard End Effector to the RMS.

The alowable payload-to-RMS limit for payloads intentionally producing radiated fields
while mounted in the payload bay is defined as the radiation impinging on an imaginary
surface 3 in beyond the envelope of the actual surface of the payload in the +X, £Y, and
+Z direction during RM S operation.

D. Allowable levels of radiation from cabin payload transmitter systems are shown in Figure
8-11. Theselimits apply at 1 m from window mounted antennas.

E. Electrostatic discharges shall not occur within the payload bay other than those isolated from
the aft flight deck and payload bay gaseous environment (hydrogen-oxygen mixture) and
shielded by the payload to satisfy the requirements of the preceding subparagraphs A and B.

F Payloads intentionally producing radiated fields shall include remote turn on/off capability,
either from ground stations or from the SPACEHAB module, to be used in the event of an
unanticipated Radio-Frequency (RF) interference problem.
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8.3 AVIONICSELECTRICAL COMPATIBILITY

8.3.1 Payload Element Power Returns

Circuit returns and isolation of circuit returns shall be maintai ned.

8.3.2 Ground Reference Symbols

The circuit reference for use on the SPACEHAB program shall be as illustrated and defined as
follows:

| Structure Reference - a connection to the SPACEHAB structure

—_ Primary Power Reference - a connection to the SPACEHAB
primary power return

v Signal Reference - a connection to a Payloads signal return

8.3.3 Electrical Bonding of Equipment

All electrical and mechanical elements must be securely bonded to structure in compliance with
NSTS 37330, MIL-STD-464 or MIL-B-5087B. Specific bonding requirements applicable to
different classes of payload hardware are identified in the subparagraphs bel ow.

A physical location on the payload hardware must be provided for making bond impedance
measurements after installation into or onto the SPACEHAB module is complete. A diagram
(including dimensions) shall document this location in the payload specific ICA.

8.3.3.1 Radio Frequency Bonding

Equipment containing electrical circuits that may generate radio frequencies or circuits that are
susceptible to radio frequency interference shall comply with the Class R (RF potentials)
requirements of NSTS 37330, MIL-STD-464 or MIL-B-5087B. All payload housing
components, including electrical connectors, which enclose these circuits, must be bonded
together by less than 2.5 mQ. This equipment must be installed so that there is a continuous,
low-impedance path of less than 2.5 mQ from the equipment enclosure to structure.

Only versions of this document within the SMP EDMS or C&DM certified hard copies are considered controlled
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8.3.3.2 Primary Connector Bond

Payloads which are mounted within a SPACEHAB or STS provided locker or which are powered
portable equipment shall comply with the Class C (current path return) bond requirements of
NSTS 37330, MIL-STD-464 or MIL-B-5087B. These payloads shall utilize one of the contacts
in the power connector as the principle payload to SPACEHAB electrical bond. Power connector
pin assignments are defined in Section 10 of thisIDD. The bond resistance requirement will vary
as afunction of the payload circuit protection but will generally be in the range of 30 to 220 mQ.
This payload unique bond resistance shall be defined in the payload specific ICA. It will be the
responsibility of SPACEHAB to bond the locker itself to SPACEHAB structure.

8.3.3.3 Payload Surface Electrostatic Charging

All payload metallic hardware elements or elements which are utilized for the transfer of fluids
shall comply with the Class S (static charge) bond requirements of NSTS 37330, MIL-STD-464
or MIL-B-5087B. MLI covering payloads mounted externally to the SPACEHAB module shall
be subject to Class S bonding as well. These hardware elements shall be designed to prevent the
accumulation of electrostatic charge on their surfaces by providing a bond resistance to structure
no greater than 1 . The specific method employed shall be defined in the payload specific ICA.

8.3.4 Power Circuit Isolation and Grounding

The SPACEHAB structure shall not be used as an intentional power or signal return line.
Circuits, that are not isolated from primary power, shall be isolated from the equipment chassis.
Secondary power that is isolated from primary power and connected to the payload structure shall
be connected to structure ground at one point only (single point ground). A single point ground
in this context is defined as a single el ectronics box chassis.

8.3.4.1 Ground Support Equipment Isolation and Grounding

Ground support equipment interfacing with payloads shall be isolated from payload circuits
(power and signal return lines) by aminimum of 1 M

8.3.4.2 Payload Isolation and Grounding

The following requirements apply at the payload input when all interfaces are connected:

A. Isolation between primary DC power or return lines and structure shall be greater than 1 MQ
shunted by less than 10 uF.

B. Isolation between primary AC power or return lines and structure shall be greater than 1 MQ
shunted by less than 10 nF. For three phase circuits, the allowable capacitance from each
power line to structure may exceed 10 nF as long as the unbalanced capacitance to structure
does not exceed 10 nF or the 400 Hz |eakage current to structure does not exceed 3 mA.

C. For externa loads to payload secondary power the isolation requirements for primary power
loads given above shall apply accordingly. An externa load in this context is a box or
device physically separated from the box which generates the secondary power and which is
individually bonded to the SPACEHAB structure.
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