10. 7.4 AVI ONI CS ELECTRI CAL COVPATI BI LI TY
Circuit returns, isolation of circuit returns for DC signal circuits, and the
handl i ng of shield grounds, shall be as follows in the subparagraphs bel ow.

10.7.4.1 Cargo El enent Power and Signal Returns Isolation

The basic ground reference isolation requirement for cargo elenents is: A

m ni num of one negohm (Mohnm) D.C. isolation between each of the foll ow ng:
Obiter primary D.C. returns, Obiter primary A C. returns, Obiter secondary
power/signal references, and the structure ground as neasured in the cargo

el ement. The structure reference shall be provided in the Obiter. Primary
power return isolation requirenents are nore conpletely specified in Paragraph
10.7.4.3. Wen an exception to this basic requirenent occurs with any

payl oad, the payl oad shall restrict the level of 28V D.C. current through
structure to less than 10 anperes peak including transients.

10.7.4.1.1 Payl oad with Power Referenced to Structure

For payl oads using a single point ground reference to structure for power and
signal interfaces, the payload shall restrict the level of 28 VDC current
through structure to less than 10 anperes peak including transients. The
heavi er | oad currents shall be returned to the Obiter via wire only. Hardwire

return for the light current | oads grounded to cargo el ement structure shal
be provided by di oding between the heavy |oad and the light | oad returns so
that current flows fromthe light load return to the heavy load return. The
circuit shall be equivalent to that shown in the Figure 10.7.4.1.1-1.

The foll owi ng subparagraphs are al so acceptabl e techni ques by which the 28V

D.C. power return structure ground in the cargo el enent nmay be nade conpati bl e
with the Orbiter.

10.7.4.1.1.1 (Reserved)
10.7.4.1.1. 2 (Reserved)

10.7.4.1.1. 3 (DELETED
10.7.4.1.1. 4 (DELETED
10.7.4.1.1.5 (DELETED
10.7.4.1.1. 6 (DELETED
10.7.4.1.1.7 (DELETED
10.7.4.1.2 Circuit Return Referencing Criteria

The foll owi ng subparagraphs contain criteria for the referencing of typica
circuit returns used in the Shuttle.

10.7.4.1.2.1 Obiter Signal Interfaces

10.7.4.1.2.1.1 Non-Coaxial Interfaces

Al'l cargo elenent signal interfaces to Orbiter avionics equi pnent that do not
utilize coaxial cabling shall be differential and isolated fromstructure by
at least 10 kohns.
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10.7.4.1.2.1.1.1 (Reserved)
10.7.4.1.2.1.1. 2 (Reserved)
10.7.4.1.2.1.1. 3 (Reserved)
10.7.4.1.2.1.1. 4 (Reserved)
10.7.4.1.2.1.1.5 (Reserved)
10.7.4.1.2.1.1. 6 (Reserved)
10.7.4.1.2.1.1. 7 (Reserved)

10.7.4.1.2.1.2 Controlled I npedance Signals

10.7.4.1.2.1.2.1 (Reserved)

10.7.4.1.2.1.2.2 RF Signals
Al'l pulse or clock interface circuits having a pul se repetition rate of

greater than 50 kPPS or signals with fundanmental frequencies greater than 50
kHz or circuits processing pulse rise/fall tinmes equal to or less than 10

m croseconds shall carry an RF classification. The distribution shall be via
shi el ded-tw sted-pair cabling. The nmethod of shield term nation shall be via
wire pigtails to the connector backshell. No RF circuit shield shall be
broken out such that nore than 2.0 inches of wiring is exposed within the
connector netal backshield. RFlI backshells wth individual shield grounding
provisions are required for nultiple RF shield terni nations.

10.7.4.1.2.1.3 Electrical Explosive Device (EED) Firing Crcuitry

EED firing circuits, if utilized, shall be isolated fromother electrica
circuits and each other. Each firing circuit shall be routed as a shi el ded,
twisted pair and the shield shall be nultipoint grounded. Each EED circuit
conductor shall be connected to structure at one point only by a bl eeder
resistor. EED s and Firing Circuits shall conply with the requirenents of
specification NSTS 08060 and/or NSTS 1700.7, Paragraph 210. Further
requirenents are specified in Paragraph 7.5.4, if Obiter power is utilized.
The EED firing circuit is defined as the circuit between the Pyro Initiator
Control Function and the pyro.

10.7.4.1.2.1.4 Wre Shield Reference
See groundi ng and shi el di ng di agrans for individual avionics subsystens in
Section 8.

10.7.4.1.2.1. 4.1 (Reserved)
10.7.4.1.2.1.4.2 (Reserved)

10.7.4.1.2.1.4.3 RF Crcuits

Al'l digital data, pulse and high frequency circuits with a basic frequency
greater than 50 kHz or having a rise or fall tine less than 10 m croseconds
shal |l be considered RF circuits. The shields of RF circuits shall be
referenced to structure at the source and |l oad and at all internediate

br eakpoi nt s.
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10.7.4.1.2.1. 4.4 (Reserved)

10.7.4.2 Electrical Bonding

The Orbiter-to-Cargo electrical bonding interface shall be electrically bonded
to provi de honobgeneous electrical characteristics. Al electrical and
mechani cal el ements shall be securely bonded to structure in conpliance with
M L-B-5087. Al alum num surfaces used for bonding shall be originally
cleaned to bare nmetal and then chemcal filned per ML-C5541, Cass 3 (gold
al odi ne 1200LN9368, or equivalent). Three classes of bonds per ML-B-5087 are
applicable: dass S, C, and R These bond classes are defined in the next

t hree subpar agr aphs.

a. Static Bond-Class S. Refer to Paragraph 10.7.4.2.3.5.

b. Fault-Current Bond-Class C. All cargo elenents using Orbiter power shal
have nmechanically secure electrical connection to the Orbiter structure
capabl e of carrying the maximumtrip return current.

C. RF Potentials Bond-Class R Cargo el enents containing electrica
circuits which generate radio frequencies or circuits which are
susceptible to radio frequency interference may require a | ow i npedance
path to structure in order to neet the EMC requirenents of Paragraph
10.7.2.2 or 10.7.3.2. The DC resistance of a Cass R bond shall be |ess
than 2.5 mlliohns.

10.7.4.2.1 Electrical Bonding of Equi pnent

Equi pnent containing electrical circuits which nay generate radi o frequencies
or circuits which are susceptible to radio frequency, shall be so installed
that there will be a continuous, |owinpedance path fromthe equi pnent
enclosure to structure. The netallic shells of all equi pnent electrica
connectors shall be electrically bonded to the equi pnent case or the bul khead
nmount with a DC resistance of less than 2.5 mlliohns. Procurenent
specifications require that the DC resistance between the mated hal ves of the
connectors shall not exceed 50 m|liohns.

Wre harness shields external to equi pnent, requiring grounding at the

equi pnent, shall have provisions for grounding the shields to the equi pnent

t hrough the harness connector backshell, or for carrying single point grounded
shi el ds through the connector pins.

Al'l equi pnment electrical bonds and their respective interfaces shall conply
with M L-B-5087.

10.7.4.2.2 Electrical Bonding of Structures

10.7.4.2.2.1 Cargo-to-Obiter Main Bond

10.7.4.2.2.1.1 Primary PL Bus Connector Bond

Payl oads shall utilize one of the wires in each power connector as the
principle Obiter/Cargo el ectrical bond.

This bond shall neet the appropriate bond class requirenents of paragraph
10.7.4. 2.
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10.7.4.2.2.1.2 Cargo-to-Orbiter Bond Strap

The cargo-to-orbiter bond strap shall be connected between Orbiter structure
and cargo ground stud provisions. This bond shall neet the appropriate bond
cl ass requirenents of paragraph 10.7.4. 2.

10.7.4.2.2.2 (Reserved)

10.7.4.2.2.3 (Reserved)

10.7.4.2.2.4 (Reserved)

10.7.4.2.2.5 Bonding for Deployabl e/Retri evabl e Cargo El enent

Al'l cargo el enents which are depl oyabl e and/or retrievable shall be

el ectrically bonded when in the cargo bay. A provision shall be nade to
provide a Class-S electrical bond to Orbiter structure.

Cargo el enments which utilize Obiter power shall be required to provide a
Class-C electrical bond to Orbiter structure when electrically nmated to the
Obiter.

Cargo el enments which utilize Obiter command signal or data interfaces nmay be
required to provide a Cass-R electrical bond to neet the EMC requirenents of
paragraph 10.7.2.2 & 10.7.3. 2.

RVMS users are an exception as defined in Paragraph 14. 4. 2.

10.7.4.2.3 Electrical Bonding for Static Protection
All Obiter and cargo interfaces shall conply with Paragraph 10.7.4. 2.

10.7.4.2.3.1 (Reserved)
10.7.4.2.3.2 (Reserved)
10.7.4.2.3.3 (Reserved)
10.7.4.2.3.4 (Reserved)

10.7.4.2.3.5 Static Electricity Protection

Al'l cargo hardware el enents shall conply with the dass S bond requirenents of
M L-B-5087. Al conducting itens subject to triboelectric (frictional) or any
ot her chargi ng mechani sm shall have a nechanically secure electrica

connection to the cargo elenent structure. The resistance of the connection
shall be | ess than one (1) ohm

10.7.4.2.3.5.1 Bonding of Thernal Bl ankets
Thermal bl ankets of netalized nultilayer construction and netalized surfaces
shal | be bonded as foll ows:

- Blanket bond tab to structure - D.C. resistance shall be |less than 10.0
Chns.

| CD- A-21358 Rev A 10E-4 25- MAY- 97



- Blanket test tab to test tab - D.C resistance shall be | ess than 1000 Chns
prior to connecting a bond tab to structure.

The nunber of bond tabs and associ ated bond straps (or wires) shall be
determ ned by the blanket area as defined in the follow ng table:

BLANKET AREA (SQ CM NO. OF REQ_ BOND STRAPS (OR W RES)
0 TO 100.0 0
100.0 TO 1000.0 1
1000. 0 TO 40000. 0 2
>40000. 0 ADD 1 STRAP (OR W RE) FOR EACH ADDI TI ONAL 40000
SQ oM

Al'l tabs should be |ocated on bl anket edges and spaced such that the maxi num
di stance fromany one point on the blanket to the nearest BOND or TEST TAB is
less than 1.0 neter.

TEST TABS function as resistance (continuity) test points between different
areas of a blanket, or between different areas of any two adjacently connected
bl ankets. BOND TABS function as connection points for static electrica
bonding to cargo structure as well as test tabs for continuity checks between
different areas of a blanket, or between different areas of any two adjacently
connect ed bl ankets.

If a thermal blanket is fabricated of two or nore sections, and these sections
are electrically bonded to each other, then the entire electrically common

bl anket shall be considered to be one bl anket for deternination of the nunber
and pl acenent of bond tabs and test tabs.

10.7.4.2.3.5.2 High Volune Resistivity Mterials

Cargo el ements using high volune resistivity materials (greater than 109 OHM
CM shall be designed to prevent differential chargi ng between cargo el enent
parts and the Orbiter. The specific requirenents and desi gn nethods enpl oyed
shal | be negotiated with STS.

10.7.4.2.4 Crcuit Reference Synbols
The circuit reference synbols for use on the Space Shuttle programshall be as
shown in Figure 10.7.4.2.4-1

10.7.4.3 Power Circuit Isolation and G ounding

10.7.4.3.1 (Reserved)

10.7.4.3.2 DC Power G ound Reference
Refer to Section 20 paragraph, 20.3

Note: A non-conpliance condition exists between the Orbiter and the M GHTY.
Refer to Section 20 for the definition of the unique interface requirenent.

The Orbiter D.C. power return froma Cargo el enment shall be structure
referenced in the Obiter and D.C. isolated fromstructure ground in the Cargo
el ement by a mininumof 1 negohm except as specified in Paragraph 10.7.4.1

The Orbiter D.C. power return systemshall be a conbination of a hardw red
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return systemand a structure-return system wth the use of the wire return
restricted to specific |oad-sensitive areas as shown in Figure 10.7.4.3.2-1.

10.7.4.3.3 (Reserved)
10.7.4.3.4 (Reserved)

10.7.4.3.5 Cargo Bay Power-Circuit Returns

When Orbiter power is supplied to the Cargo Bay, the returns shall be
referenced to structure in the Orbiter only, except as specified in Paragraph
10.7.4.1 and during Orbiter power to payl oad internal power changeover
switching (switch-over tine duration greater than 200 nilliseconds shall be
reported to STS for review.

10.7.4.3.6 Signal-Gircuit Returns
Cargo equi pnent nmay have prinmary power returns connected to signal returns if
treated per Paragraph 10.7.4.1.

10.7.4.3.7 G ound Support Equi pnent Isolation and G oundi ng

GSE interfacing with payl oads shall be isolated from payload circuits (power
and signal return lines) by a m ninmumof 1 negohm except where bal anced
differential circuits are used. In the case of balanced differential

circuits, each side of the circuit shall be balanced to ground by no | ess than
4000 ohns. Coax cables, with their inherent grounding of the signal return to
structure, are pernmitted, providing their interface with other LRU s or
systens does not propagate that ground to circuits which are already
referenced to ground at sone ot her point.
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FI GURE 10.7.4.1.1-1 TYPI CAL PAYLOAD BASI C GROUND | SCLATI ON DI AGRAM
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STRUCTURE REFERENCE - A CONNECTION TO VEHICLE STRUCTURE.

PRIMARY POWER REFERENCE - A CONNECTION TO THE VEHICLE PROMARY
DC POWER RETURN.

SIGNAL REFERENCE - A CONNECTION TO AN LRU SIGNAL RETURN

S

FI GURE 10.7.4.2.4-1 C RCU T REFERENCE SYMBOLS
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