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ELECTRI CAL PONER, DI RECT CURRENT,
SPACE VEH CLE DESI GN REQUI REMENTS

1. SCCOPE

1.1 General. This standard establishes requirements
ror the direct current (de) e<liecllical powex systam for
space vehicl es.

1.2 Purpose. This standard insures conpati bility
between the space vehicle dc electrical power system and the
space vehicle utilization equipnent. This conpatibility is
acconpl i shed by «confining the electrical power system
characteristics within definitive limts and restricting the

requirements inposed on the system by the utilization
equi pment .
1 .3 Basis for characteristics. The requi rements,

characteriStrcs, and Timts speciired in this standard are
based upon the concepts of ML-STD 704 as nodified for space
vehicle applications.

2, REFERENCED DOCUMENTS

~ The follow ng documents, of the issue in effect on date
of invitation for bids or request for proposal, forma part
of this standard to the extent specified herein:

MIlitary Standards

M L-STD- 255 Electric Voltages, Aternating and Direct
Current

ML-STD-704 Electric Power, Aircraft, Characteristics
and utilization of

(Copies of specifications, standards, and publications
required by  suppliers in connectron wt specific
procurement functions should be obtained fromthe procuring
activity or as directed by the contracting officer.)
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DEFINITIONE

3.1 Llecctiical power svstem. The dc electrical power
, calem On @ Spece vehlcle 18 itne nomoaal 28-volt (V) system

-

UL L€  VOieaue Syscén spucalied Ly Lhe procuring activity.
~ne electrical power system consists oI the equipments which
L. OViIQe  ac . eltricei powelr dJeneratlon, energy storage,

. owier control. ane power distribution  to the input power
< erpanals NSt - Sr40e vehicle's ntilization equipments.
3.1, posoEeT generating subsystem. The power

S emerating subesstem lncludes ali equipments generating dc
~ower for cna aing batteries or for operating directly into
Tne power <ontic: ana power distripution supsystems. >o.iar
ze1]1 arrays on panels are commonly used on space vehicles;
nowever, the powsi generating subsystem may also include

.nermoeleci: i« e .jces, fuel cells and their reactants,
¢avtel £ o=.- 0 o~ other sources of electrical power.
. cuxtc orc T 1ces physically located on space vehicles,

L oe used o . v :xzoand test, prelaunch, or preinjection

~jectrica: p..2., ¢«nall be considered part of the power

. enerating suosystem of the space vehicle. Shunts,

nrotective 2iwdes, instrumentation, theaters, and other

controls built integral with the power generating sources
are conside: e, part nf the power generating subsystem.

3.1.2 Electrical energy storage subsystem The
el ectrical energy storage subsystem I ncl udes al |

rech rgeable andall nONr echar geabl e batteries on the space
vehicl & ~Instrunentation, heaters, and other controls built

integral with the batteries are considered part of the
el ectrical energy storage subsystem

3.1.3 Power distribution subsystem The electrical
power distribution subsysiem on a space vehicle _shall be
subdi vi ded into identifiable [load groups. The power

in stribution subsystem for each |oad group originates at a
power load bus or termnal in the power control subsystem
and extends to . the input power termnals of the space
vechicle's utilization equipnents conprising that |oad group.
The power distribution subsystem includes harnesses, cables,
conductors , and connectors used in the power distribution
taacwllS.
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3.1.4 Power control subsystem The el ectrical power
control subsysitem i ncludes the conmand system interfaces,
swi t ches, reIaYS, connectors, interconnect wring, |oad
buses, resetable «circuit breakers, fuses, | oad control

devi ces, voltage sensors, current sensors, battery chargers,
battery discharge controllers, and other related devices
used to interconnect and control the dc power generation
subsystem the electrical energy storage subsystem and the
ower di stribution subsystem of the space vehicle.
nstrunentation, heaters, and other controls built integral
with the power control equipnents are considered part of the
power control subsystem

3.2 Uilization equipnent. Utilization  equipnents
conprise all electrical |oads external to the dc power
systemto which the specified dc power is supplied.

3.3 System ground point (SGP). The SGP is a single
point on the vehrcle structure To which the negative or the
neutral of the electrical power systemis connected.
Electrically isolated power systems may have separate system
ground points on the vehicle structure.

3.4 Essential loads.  The utilization equipnents that
are necessary ror tnhe suarvival of the space vehicle itself
are defined as essential |oads.

3.5 Normal operating nodes. The nornal operating nodes
for the el ectrical power system on the space vehicle include
al | planned, expected, or comendable operating conditions.
These include various |oad groups cycled on or off , both

sunlight and ecligse condi tions, high and | ow bus voltages,
and ot her predictable operating conditions.

3.6 Abnornal operating nodes. Abnor nal operating
nmodes for~ the electrical power system include t hose
conditions resulting from short circuit failures, or open
circuit failures, or other malfunctions occurring anywhere
within the space vehicle including within the electrica
system itself. Qther abnormal operating nodes include
conditions resulting fromtenperature extrenes that exceed
specified or anticlpated val ues and from excessive
degradation of solar arrays or other power system equipnent.

- 3-
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3.7 Transients. A transient is that part of the
variation in a varrable that ultinmately disappears during
transition from one steady-state operating condition to
another. Transients are aperiodic and include nonrecurring
current surges and voltage spikes.

3.8 Ripple. Ripple is the cyclic variation of voltage
about the nean Tevel of the voltage during steady-state dc
el ectrical system operation. The ripple voltage may contain
mul tiple frequencies and includes noise not generated by
transients. The average value of ripple is zero.

4. GENERAL REQUI REMENTS

4.1 System The dc power system for a space vehicle
shall be so designed as to ensure that the characteristics
of electrical power at the utilization equipnent power input
termnals conformto the requirements specified in this
document . The electrical system shall be designed so that
the power levels and energy requirements of each of the
utilization eqU|ﬁnents are satisfied for the specified

service life of the utilization equipments. The dc power
sKstem shall be capable of neeting the functional
characteristics and design requirenents specified herein

before and after exposure to preflight environnental
conditions and during all predictable or specified flight
envi ronnmental conditions.

4.2 Voltage limts. The steady state dc electrical
power on the space vehicle nmeasured at the input to the
utilization equipnent shall be 28.0 + 6.0 V during nornal
operating conditions.

4.3 Power distribution. The dc power shall be
distributed using a two wire system The negative or ground
return path for all power circuits shall be through
conductors in the wiring harnesses. The vehicle structure
shal | not be used as an intentional current-carrying
conduct or.

4.3.1 Ssystem ground point (SGP). The dc power system
of a space vehicle shall have the power negative  buses 111
the power  control subsystem grounded t0 the ‘vehicle
structure at a single point. This single point shall be

-4-
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referred to herein as the System Gound Point (SGP) . The dc
resista nce as neasured fromthe power negative bus to the
vehicle structure shall not exceed 2.5 millonms. NoO

grounds shall be nade to nagnesium structure.

4.3.2 Multinle power sources. When the electrical
power systems from various power socurces on a vehicle are
electrically isclateld frorm each other, they shall each have
a SGP connection to the vehicle structure. Either the same
SGP or separate SGP's may be used for the isoclated power
systems. When the power systems from various power sources

<o vaellicooo axc net cloictrlically Loilated frorm zach othar,
t he power system negative buses shall all be connected to
the same SGP. Al power return |eads fromany one | oad

' . - . P P P~ P ~ e -~ S SN N R LR SR RSN 2N
EE A Y 4 abbh e e G s - -ealn - N - ~ e - - - - - . -

supplyi'ng that [oad. ”

4.4 Uilization equipnent. Utilization equi pnment
shall mainfarn 1ts specifred performance when usin%\h power
wth characteristics which are specified herein. en use
of power is required having other characteristics or closer
tol erances than specified herein, the conversion to other
characteristics or closer tolerances shall be accorPIished
as a part of the wutilization equipment .  Uilization
equi pnent current requirements shall be determ ned over the
i nput vol tage range specified herein

5. DETAI LED REQUI REMENTS

51 Nomnal tine line. A nomnal operational time

line shallT be established for the space vehicle that
identifies the planned operational configurations and status
of the space vehicle for all normal operating nmodes
including acceptance testing, prelaunch checks, launch,
orbit injection, attitude acquisition, on orbit, and reentry
conditions as my be applicable. This time line shall

include the cycling of the various |loads or load groups on
or off as planned, expected, or commandable for each

operating node of the space vehicle. Both sunlight and
eclipse conditions, high and |ow bus voltages, and other
predi ctabl e operating conditions shall be included. Thi s

nom nal  operational time line shall be at |east as |ong as
the service life of the space vechicle.

-5-
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5.2 Power requirenents of |oads

5.2.1 Load groups. The utilization equipnents are to
be groyped into rdentrfred |oad groups. One or nore of
theSe 1'dentified |oad groups shall be used for essential
I oads only. The load groups shall be identified with power
hoses or termnals in the electrical power control

subsystem

5.2.2 Redundant | oads. Redundant utilization
equi prents shal | be praced in different |oad groups so that

electrical power will be supplled by seperate W res and so
A mgp s b, YA lc—: group wi "ot atfert +ha others.

Lid L GQ&anags Ll S

5.2.3 Nomlnalgpowerggrofile. The nominal power
‘

r" B »"“ VoA T b a3 A~ £ o~ an n-..-k 'v.-.g;l PR RTE o ,,.\,a vy +hn
}—-- - - s - - - = - ..

“‘al electrita. lvad,
based upon the vehicle con
nominal time line.

as & function of operat*onal time
figuratiorn and status used for the

5.2.4 Consuned ener The energy consuned by the
utilization equipments —on the space vehicle shall be
determined as a function of tinme based upon the nom nal
power profile.

5.3 Energy management

5.3.7 Enercs regulrements. During every tiifte periiod
of operation’ “HE s of the electrical energy consumed by
the util.zaction 14-erenus plus the electrical power system

SUS8S8es, Carnl CE ua ,..;u_;_‘_ than the Sum of the electrical
energy generctel during the same time period plus the
electrical energy stcred  at the beginning of that time
pericd. By the use of the consumed energy time line, and

“he nominal time line to identify the space_ vehlcle
operating conditions, the power generating capabilities and
energy storage cagpabi lltles shall be shown to satisfy this

recuirement i{or each operating mode and for the entire
ce~vice l1ife of tiie space vehicle.
D=4 v o4 = e e A N N -~ Lo > ur«uu\- .......

5.3.2 Energy nargins. Energy generating and storage
capabilities in excess of the nom nal | oad requirenents

shall be identified as energy margins. Energy generating
?nldl storage margins shall be provided to acconmodate the
ol [ owi ng:

-6-
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() Inaccuracies in predicting utilization |oad
requirenents.

(b) The predictable degradation of the electrical
systemthat wll occur during the service life of

the space vehicle.

(¢ Variations in conmponent and end itemelectrica
characteristics fromunit to unit.

() Variations in electrical characteristics due to
of f nom nal space vehicle orbits, stabilization
or thermal environnents.

() Current limting operations, the trip bands of the
protection equi pnent,  and ot her abnor nal
conditions during which full space vehicle
operations are required.

(f) Predictable wvariations in the nomnal tine line
and the nom nal power profile.

The power generating and energy storage margins provided
shal | be identified as “reserve” unless they are otherw se
specifically identified. For each battery, the nmaxi mum
depth of discharge and the nunber of discharge-charge cycles
used shall be determined as a function of operating tine.

Redundant power generatng and energy storage conponents
shall be provided as necessary to neet the reliability
requi rements and service life of the space vehicle.

5.3.3 Analysis. The energy analysis of the electrical
power system operation shall be "coupléd wth the thernal
analysis so that any effects of tenperature on conponent

el ectrical characteristics will be considered during all
normal  operating nodes as well as during possible abnormal
Oﬁeratln conditions. The thermal analysis shall include
t he effect of internally generated heat wthin the

el ectrical power systemduring all normal operating nodes as
wel | as during possible abnormal operating conditions.

5.3.4 Power control. The power control  subsystem
shal | be designed to regulate and control the electrical
power generation, energy storage, and power distribution

-7-
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subsystens to satisfy the dc power requirenents of the space
vehi cl e.

5.3.5 Charge control. Wien  battery charge
di scharge controls are used, separate controls shall be
provi de for each rechargeable battery or system of

rechargeabl e batteries connected in series to provide the
requi red bus voltage.

5.4 Failure protection

5.4.1 Fault isolation. The electrical power system
shall include Tault 1solaifTon that protects against short
circuits in the utilization equipnent or inthe electrical
distribution supbsystem Wwhich could adversely affect the

el ectri cal syste oper ati on. The fault i'solation shal
either open the circuit to renove the load and short circuit
from the load bus or shall [limt the current so that
el ectri cal power characteristics to other loads remain
within the specified [limts. Provisions shall not be
included for fault. isolation of nonredundant essential
| oads.

5.4.2 Power control. The power control. subsystens

shal | be designed, Tnstalled, and protected so that the
failure of any power source will not result in subsequent
i npai red performance of the remaining power sources.

5.4.3 Battery failure. The installation of the
batteries shall Tnclude provisions that nminimze danmage to
the space vehicle and to the electrical systemin the event
of a major failure of the battery. The major failures to be
considered include, but are not limted to, an explosion of
any of the batteries due to the interna generation of
excessive gas or a mmssive short circuit involving nultiple
cells.

5.4.4 Qvervoltage and undervol t age. Failures in the
el ectrical power systemthat can result in voltages higher
or lower than specified herein being applied to utilization
equi pnents shall be identified ascritical failure nodes.
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5.5 Power quality

5.5.1 Ripple voltage. The ripple voltﬁge shall be
less than 0. 7V peak-to-peak as neasured over t bandwidth
from dc to 10 negahertz (MZ) when the power gvstem is
delivering the maximumrated current into resistive I oads.

5.5.2 Transients. Generation of voltage transients an
the dc electitcal power by load or source swtching shall be
limted to #28-V peak measured fromthe steady state val ue.
In addition, the integrated area under the transient
vol tage-tinme function shall not exceed 0.003 volt-seconds.

5.5.3 Bus_ inpedance. The inpedance of the power
sources neasured at each of the load buses shall be
determined analytically to be sufficiently low over a
frequency range from dc to 50 MHz SO that conducted
i nterference voltages produced by utilization |oads wll not
be excessive.

5.5.4 Power transfer. Swi tching of power sources
shall not reSult 1n power loss to any utilization equipnent
that exceeds 50 milliseconds. The current surges resulting
from switching power sources or utilization equipments on or
of f shall not cause the voltage limts, transients, or power
quality to exceed the val ues specified herein.

6. NOTES

6.1 Deviations. Variations to the vol t age
characteristics specified in 4.2 and 5.5 of this standard
nust be approved by the %rocurlng activity. Variations that
are cost effective and that enhance the total space Vvehicle
design nmay be proposed by contractors. The advantages of
proposed Vvariations should be «clearly identified Wi th
substanti ati ng, quantitative anal ysi s. The advant ages
shoul d clearly overbal ance the advantages accrued to all
space vehicle prograns by the consistent use of this
st andar d. |f a higher nominal voltage is required for a

articul ar space vehicle, the preferred value, based upon
L- STD- 255 and ot her considerations, is 115 + 20 V.
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6.2 Instrunentation. The mnimum recommended
moni toring instrunentation for the space vehicle electrical
power systemis that which reports the values of the voltage
and current at or through |load buses, Vvoltage and current
from each power generating source, Vvoltage and current to or
from each battery, the tenperatures of major electrical
system conponents, and the configuration status of the power
control subsystem including switch and relay positions and
circuit breaker status.

6.3 Fault isolation. The use  of fuses, command
resetable Circurt breakers, current limting resistors, or
the use of other current limting devices is acceptable when
the devices are properly designed and applied. The use of
current or voltage nonitoring devices i ch, when sensed on
the ground, allow the nonitored equi pnent to be commanded
open or off is also acceptable when conpatible wth
operational capabilities. The selection of fuse size or
trip band on fault isolation devices should provide adequate
margins for worst case conponent tolerances, for _thernal
envi ronment s, for the in rush transient resulting from
initial application of power to the space vehicle, for the
in rush transients resulting from turning individual or
group loads on or off, as well as for steady state
operations. The fault isolation devices should be capable
of interrupting at least twice the worst case short cCircuit
currents.

Custodian: Preparing activity:
Air Force - 19 A r Force - 19

. (Project No. 1810-F003)
Review Activity:
Alr Force - 11

7. U. S GOVERNMENT PRINTING OFFICE. 1973 -713- 146./1170

-10-



Downloaded from http://www.everyspec.com

INSTRUCTIONS: In a continwing effort to make our standardization documents better. the DoD proviaes thus form for use in
submitting comments and suggestions for improvements Al users of military standardization documenta are invited to pgg'!k_ie
suggestions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLEK), and
mailed. In block 5, be as specific as possible about particular problem aresas such as wording which required interpretation, was
_ too rigid, restrictive, loose, ambiguous, or was incompatible, and give proposed wording changes which would alleviate the
problermns. Enter in block 6 any remarks not related to a specific paragraph of the document If block 7 i filled out, an
acknowiedgemwn: wili be mailed 10 you within 30 deys to et you know that your commentus were receivec and are being

A ar A awa d
CoOusIucTITU.

NOTE Thu form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of

specification requirements on current contracts. Comments submitted on this form do not constitute or imply authonzation
to waive anyv portian of the referenced document(al or to amend contractual requirements

(Foid along this line)

(Fold along this line)

15 MAILED

i NO POSTAGE
i H H g NeCEsaARY

'N THE
UNITED STATES

0. FICIAL BUSINESS R
PENLLTY FOR PAIVATE LISE €200 Rl l. !N .Q- H ‘:PL-Y 'k"A!L

¢ € use 53 OUVIHNLOOU T n R

FIRST CLASS PERMIT NG 4966 WASHING FORN _

POSTAGE WILL BE PAID BY THE DEFENSE L ISTICS AGENCY e

L ]

NS Y INAYAY RS e —————————————————

yAMSO /DRUL ]

ooy QTQRN S —

Fu box 3.3LU I

worjdway Pcstar Lenter RIS

Toe Anaclee (0 9008

|

1

]

3
P 1
! | ' I
. |



Downloaded from http://www.everyspec.com

'__ e 1
STANDARDAZAT.ON DOCUMINT IMPROVEMEINT PROPOSAL
{See [nstrucucn: Reverss Sidc
F! BOCUMENT NUMBER 2. DOCUMENT TITLE {

la-. NAME OF SUBSMITTING ORGANIZATION

4 TYPE OF ORGANIZATION (Mark one)

El

VENDON

». ADORESS (Shwet, City, Seate, ZIP Code)

X
3

3

T.EADELEN AREAS

4
: 2 i opraph Numbor end Wording

& Lodivwvmsncad Wo -dirn

MY R XY TR R NIR S MNPV TN ST NN+ T

i Te MAVE O- 3

BUPMITICR (JTau! ~o5! f;; A

\

R P et S e s P SV B v

Ouvorad T T b WORK TH LEFHONE HUMIBER (Indude 4res
- e ) Uribaned
€. i‘i"tiﬁ_;‘—db-ﬁég .5T(m’ -'< ' 'Z-A). hi‘k 4& iP Centr o (;‘;.:;;;_ ------------ T - .', _(;;_.-_vé ‘()‘ L 3 ‘m.()k-;y YoMDY
! E
/ !
i , !
. 1 T ke s 0 A e
gmmf ‘ia::“ ;%z& TR VIOHS EDITION 1S ORGOLE T

b



