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SECTI ON 1
SCOPE

1.1 PURPOSE

This standard establishes uniform procedures for the
control, determnation, and docunentation of mass properties of
space vehicles and their subsystens and conponents.

1.2 APPLI CATI ON

This standard is intended for use in acquisition and study
contracts for selected space systens and space vehicles. The
standard should be cited in the contract statement of work to
specify the mass properties control requirements for the space
vehicles as may be applicable to the acquisition. Cuidance on
government tailoring of this Standard for specific acquisitions
I's contained in Section 6.

This standard may al so be used as a reference docunent to
speci fy mass properties control requirements for upper stage
vehicles, injection stages, satellite payloads, reentry
vehicles, launch vehicles, ballistic vehicles, or for other
vehi cl es. For these applications the term "space vehicle" is to
be interpreted as the applicable vehicle.
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SECTION 3
DEFI NI TI ONS

3.1 MASS PROPERTI ES.

The mass properties of an iteminclude the items weight (or
mass), center of gravity (or center of mass), mass nonents of
inertia, and mass products of inertia.

3.2 CURRENT NASS PROPERTI ES.

The current mass properties of an itemare the nass
Bropertles data based on an assessnent of the npst recent
aseline design. This design assessnment includes the estimated,
cal culated, or measured nmass properties, and also includes an
estimate for undefined design details. The weight growth
al  owance and uncertainties are not included.

3.3 VEI GHT GROMH ALLOMNNCE

The weight growth allowance is the predicted change to the
mass properties of an item based on an assessnent of the design
and fabrication status of the item and an estimte of the
design changes that may still occur. The design changes that
may occur can be both In-scope and out - of - scope.

3.3.1 In=scope Changes. | n-scope design changes are _
changes that may be inplenented by the contractor to neet design
requi renments. The weight growth allowance associated wth
i n-scope design changes provides for the |ack of design maturity.

3.3.2 Qut-of -scope Changes. Qut - of - scope desi gn changes
are changes that are out-of-scope with respect to the current
contract baseline, but for any nunber of reasons may be
considered in the future. The weight growth allowance
associated with undefinitized out-of-scope design changes are
based entirely on past program experience and are very difficult
to predict. At the direction of the customer, the welght growth
al l owance for undefinitized out-of-scope design changes nay be
omtted. Definitized proposed chan?es are out-of-scope until
t he changes are authorized by an official contract change. The
wei ght growth associated with a definitized proposed change is
based on the proposed change.

3.4 PRED CTED MASS PROPERTI ES.

The predicted mass properties of an itemare the current
mass properties plus the weight growh all owance.

3
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SECTION 4
GENERAL REQUI REMENTS

4.1 CONTROL PROGRAM.

The mass properties control program for space vehicles shal
be in accordance with the requirenments of this standard. The
contractor shall inplenent and naintain the mass properties
control programw th the objective of nmeeting the space vehicle
mass properties requirements. Qualified personnel shall be
assigned the responsibility and authority to assure the
establ i shnent and mai ntenance of nmass properties objectives and
the effective planning and execution of nmass properties contro
functions. The program |l evel of effort shall be adequate to
determne, control, and docunment the mass properties of the
space vehicle, subsystens, and conponents. The mass properties
control programincludes all subcontractor itens, associate

contractor itens, Government Furnished Equi pnent (GFE) itens, as
wel | as contractor furnished itens.

4.2 DETERM NATI ON

The space vehicle nmass properties shall be determ ned as
required for all analyses requiring nass properties data such as

perfornmance anal yses, stability and control analyses, and
structural dynam c and | oads anal yses.
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SECTION 5
DETAI L REQUI REMENTS

5.1 CONTROL. PROGRAM

5.1.1 Mass Properties Control Plan. The contractor shall
devel op and inplenent a nmass Broperties control plan. The
objective of this plan shall be to fornulate an organized wei ght
control program that can be effectively inplemented early in the
contract period to neet the space vehicle mass properties
requirenents.

5.1.2  Subcontractor Mass Properties Control. The
contractor shall be responsible for the nass properties control

of each subcontractor and vendor. In each procurement docunment
for items which may significantly affect the space vehicle mass
properties, a nmass properties control section shall be included

to 1 nmpose the applicable requirenents of this docunment on the
subcontractor or vendor.

5.1.3 Associate Design Activity and GFE Suppliers
| nt erf aces. Associate Design Activities and Gover nment

Furni shed Equi pnment (GFE) Suppliers shall be responsible for the
i nterchange of sufficient nmass properties data to support the
integration of sub-unit nass properties into the conplete unit
mass properties. They shall respond pronptly to requests from
the interfacing and integrating contractors for information
required by the contractors in satisfaction of contractual
requirements.

5.1.4 Managenent Participation. High-level managenent
shall participate in the devel opment and mai ntenance of the nass

Eroperties control program  Control of nass properties has
istorically been found to be proportional to the direct
participation of high-level management. Hi gh-1evel nanagenent
enphasi s on weight control encourages designers to consider the
trade-of f of |ight weight design and performance margins.

5.1.5 Mass Properties Lints. The contractor shall
determ ne and docunent the nass properties limts. The mass

properties limts shall include those established by system
subsystem and conﬁonent performance, as well as design
requi rements and the nmass properties limts established by
contract.
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5.1.6 Wight G owh. The contractor shall include in the
wei ght data an allowance for the expected wei ght growth. The
wei ght growt h al | owance may be depleted fromthe beginning to
the end of the contract according to an approved plan. i ght
grow h allowances shall be identified in the contractor’s nmass
properties records.

5,1.7 Current Mass Properties. The contractor’s space
vehicl e mass properties database shall be maintained current by
periodic updating using the nost recent infornmation from design
data, draw ngs, nass properties measurenents, GFE data,
associ ate contractors, subcontractors, and vendors. These data
shoul d be updated frequently in the early devel opnents phase;
once per week is recommended. Less frequent updating is
acceptable late in the devel opnment phase when nmass properties
changes are small; once per nonth is a recomended m ni mum
More frequent ugdatlng may be required during |aunch
preparation. The contractor’s selection of updating frequency
I's subject to the approval of the contracting officer. The
updating frequency Is not necessarily related to the frequency
of submtting official nmass properties reports.

5.1.8 Limt Monitoring. The contractor shall naintain a
docunment ed conparison of the predicted mass properties ?See 3.4)
and the limts discussed in 5.1.5. The conparison sha
identify the current weight growth allowance. Mass properties
uncertainties should also be included and identified.

5.1.9 Corrective Action. The contracting officer shal
be notified inmediately when the nass properties linmts
described in paragraph 5.1.5 are equal ed or exceeded. The
contractor shall advise the contracting officer of the resulting
effects on system performance and recommend corrective action.

5.1.10 Docunent Rel ease. Docunents controlling the
desi gn, manufacture, and procurenent of system conponents shal
be approved, prior to rel ease, by personnel responsible for the
contractor’s mass properties control

5.2 DETERM NATI ON

5.2.1 Changes. A docunented accounting of all weight
changes shall é% mai nt ai ned t hroughout the contract. For all

wei ght changes the accounting shall include the nagnitude of the
change and the reasons for the changes. Each weight change in

t he accounting shall be identified as being the responsibility
of the contractor or the contracting officer (if due to a change
in the contract requirements). This accounting shall be updated
when the nmass properties are updated (See 5.1.7).
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5.2.2 Sequential Mss Properties. The space vehicle nass
properties shall be determ ned and docunented as a function of
time or percent of steady state thrust frommssion initiation
through mssion conpletion. Tine increnments should be selected
based on requirenments of other analyses or on significant
mssion events. All itens that are expended, jettisoned, or
nmoved during the mssion shall be identified in the contractor’s
mass properties records.

5.2.3 Gound Qperations Support. Adequate nass
properties shall be devel oped and documented for the support of
ground and | aunch operations. These date shall be in agreenent
with the actual vehicle configuration and with the planned
| oading and utilization of fluids and propellants. The
contractor’s records of all changes to the space vehicle
subsequent to final nmass properties neasurenents and the
resul ting mass properties shall be made avail able for review by
the contracting officer.

5.2.4 Postflight Analysis. Actual mass properties data
shal| be determ ned by analysis of postflight data for
significant mssion events. Differences fromthe planned
conditions shall be item zed and expl ai ned.

5.2.5 Trade Studies. The contractor shall nmaintain,
avai l able for the contracting officer’s review, mass properties
data devel oped for trade studies or other screening processes
used in the design process.

5.2.6 Mass Properties Uncertainties Analyses. Know edge
is required of the accuracies of nmass properties data used In
space vehicle performance, stability, control, and structural
analyses. This is true not only for the total space vehicle but
also for elenents of the space vehicle such as fluids,
depl oyabl e, and independently noving parts. Mass properties
approaching a limt may require an uncertainty analysis. In
some cases, the accuracy of the conbination of certain nmass
properties may be required, such as an inertia ratio or the
difrerence of two inertias.

5.2.6.1 Requirenents for Uncertainty Analyses. Mass
properties uncertainty anal yses shall be conducted-when nass
properties dispersions are required for other analyses, or when
the uncertainties may cause mass properties limts to be
exceeded.

5.2.6.2 Contents. The uncertainty analysis shall include
a detailed analysis of each uncertainty source with a
description of the derivation of the uncertainties. The
uncertainties shall include, but are not limted to, neasurenent
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uncertainties, manufacturing variations, environnmental effects,
and uncertainties derived or assuned for nmass properties
estimations or calculations. | f weight growth is included in
the analysis, an explanation of howit is conbined with the
other sources of uncertainty is required. Docunentation of the
apﬁlysis shall be available for review by the contracting

of ficer.

5.2.7 \Verification.

5.2.7.1 Requirenents. Each mass property and its
conformance to the limts shall be verified by the contractor.
Verification shall be acconplished by approved anal ytica
nmet hods, by test, or by a conbination of both. The sel ection of
the verification nmethods shall be justified by a docunented and
apFroved verification plan. The verification methods should be
sel ected early enough in the programto provide time for the
acquisition, nodification, or preparation of neasurenent
equi pnent and sites. The verification plan shall also include
t he planned general procedures for the neasurement tests. A
guide for a verification plan is provided in Appendix A

5.2.7.2 Procedures. Mass properties nmeasurement tests
shal | be conducted in accordance wth approved, docunented
procedures.

5.2.7.3 Notification of Measurenent. The contractor
shall notify the contracting officer of the time and place of
the mass properties neasurenment tests at |east one week prior to
testing. Exceptions such as the meighin? of small hardware
items, may be made by nmutual agreenent of contractor and
cust omer.

5.2.7.4 Test Conditions. The itemshall sinulate the dry
flight condition and be at [east 95-percent conplete by weight,
excl udi ng hazardous conponents or conponents not normally
installed at the measurement site. A nass properties engineer
shal | verify the configuration of the itemand record mass
properties related data for all mssing items, added nonflight
Itenms, and tare itens.

5.2.7.5 Data Records. Nhss_Pro erties verification data
shal | be docunented and nade available for review by the
contracting officer

5.2.8 Data Organization. The nmass properties data shall
be organi zed and nai ntai ned by the contractor in accordance with
the requirements stated in this standard.

10
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5.2.8.1 FEunctional Organizations. To provide a uniform
basis for mass properties conparisons, the space vehicle nmass
properties shall be categorized on a functional basis. For
exanpl e, the weights of all itens which function primarily as
t he space vehicle structure shall be accunulated for the tota
wei ght of the space vehicle structure. Appendix B provides a
di scussion of the need for a functional breakdown and gui delines
for the functional categorization of conponent weights. In
order to achieve functional weight breakdown consistency, the
contractor shall use the guidelines in Appendix B.

5.2.8.2 Sectional O ganization. Wien the space vehicle
Is conprised of sections for which know edge of the section nass
properties is required, the nass properties data for the
sections shall be devel oped separately. Exanples of this
i nclude a propul sive vehicle stage having nore than one stage,
or an independently novabl e section of a space vehicle. The
functional organization shall be maintained within the mass
properties data of each section.

5.2.8.3 Government Furnished Equipnent.  The contractor’s
mass properties records shall have a separate tabulation of all
Gover nment Furni shed Equi pnent.

5.2.8.4 Correlation of Wights and Part Nunbers. The
contractor’s nmass properties records shall include the
correlation of weights with their respective draw ng nunbers.
This shall be done at a level of detail that permts the
determ nation that the weights of all items on the space vehicle
have been included correctly.

5.2.8.5 Basis of Current ©Mass Properties. The basis of
space vehicle mass properties can be categorized by the nethods
used for their determ nation, for exanple: estimated,
cal culated, or neasured. The neasured category has historically
been called "actual." The percent of the space vehicle weight
that is based on each of these categories is an indication of
the confidence that can be placed in reported nass properties
data. Mass properties determned fromprelimnary data such as
sketches or calculations fromlayout drawings are typically
considered to be in the estimted category. Mass properties
determ ned fromreleased drawi ngs are typically considered in
the calculated category. Mass properties determ ned by
measurenment or by conparison of nearly identical conponents for
whi ch nmeasured nmass properties are available are in the neasured
category. \Wen anbiguities occur, the nost representative
category should be used, keeping in mnd that the purpose of
this categorization is to provide an indication of the
confidence of the reported mass properties. The basis
(estimated, calculated, neasured, etc.) of each conponent weight

11
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shall be included as part of the recorded conponent data. As
many categories as is necessary to accurately define the status
of the nass properties may be used. Totals of each of these
categories shall be recorded to provide an indication of the
mass properties confidence at the subsystem | evel and for the
conpl ete vehicle.

5.3 DOCUMENTATI ON  SUMVARY.

5.3.1 Mass Properties Control Plan. A Mass Properties
Control Plan in accordance with Section 5.1.1 shall be devel oped
and docunented by the contractor. This report shall state the
managenent program and procedures to be used for nass properties
control and verification during the various procurenent
phases. The Contract Data Requirenments List (CDRL), incorporated
into the contract, nmay require this plan to be delivered to or
approved by the contracting officer

5.3.2 Verification Plan. A Verification Plan which
descri bes and substantiates the nethods to be used to verify the
mass properties data (See 5.2.7.1) shall be devel oped and
docunented by the contractor. The Contract Data Requirenments
Li st (CDRL) 1ncorporated into the contract, may require this
plan to be delivered to or approved by the contracting officer.

5.3.3 Status Report. A Mass Properties Status Report
that includes the el'enents described in the foll ow ng

subpar agraphs shall be devel oped and docunented by the
contractor. The Contract Data Requirenments List (CDRL)
incorporated into the contract, nay require this report to be
delivered to or approved by the contracting officer

5.3.3.1 Mass Properties Summary. The follow ng nass
properties summary description agplies for each section of the
space vehicle as discussed in 5.2.8.2. The predicted nass
properties shall be tabul ated by subsystem and conbi ned for the
total predicted nass properties. Items which are expended or
jettisoned shall be so noted. Each section’s total predicted
mass properties and the space vehicle total predicted nmass
properties shall be presented for the |aunch condition. For
each weight itemreported, the basis used shall be indicated
(See 5.2.8.5). This may be done by percentages.

_ 5.3.3.2 Mass Properties Limt Mnitoring. As described
in 5. 1.8, a conparison of the predicted nmass properties and the
mass properties limts shall be docunented.

5.3.3.3 Changes. As described in 5.2.1, all weight
ghanges i;corpora%ea since the previous Status Report shall be
ocument ed.

- 5.3.3.4 Potential Changes. Al pending or potentia
wei ght changes shall be docunent ed.

12
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5.3.3.5 Sequential Mss Properties. As described in
5.2.2, the sequential nass properties shall be docunent ed.

5.3.3.6 overnnment Furni shed Equipnment (GFE). As
described in 5.2.8.3, a tabulation of GFE and the associ at ed
mass properties shall be docunent ed.

5.3.3.7 Reference Axes. A di agram shal |l be prepared
which relates the location and orientation of the reference axis
system used for mass properties determ nation to the space
vehicle. The exact location of the reference axis systen1ori?in
with respect to the vehicle shall be noted on the diagram |
t he space vehicle is conprised of nore than one section, and
each section has a different reference axis system each system
shall be simlarly described. Their nutual relative |ocations
and orientations shall also be described.

- 5.3.3.8 Wight Gowh. The current status of both the
wei ght growth all owance and the weight growth depletion plan
(See 5.1.6) shall be docunented.

5.3.4 Detail Mass Properties Report. A Detail Mass
Properties Report that includes the elenents specified in 5. 3.3
lus the elenments described in the follow ng subparagraphs shal
e devel oped and documented by the contractor. The Contract
Data Requirements List (CDRL), incorporated into the contract,
may require this report to be delivered to or approved by the
contracting officer.

5.3.4.1 Detail Wight Statenent. The detail weight
statement shall tabulate the current weights by subsystem (See
5.2.8) to a level of detail as described in paragraph 30.2 of
Appendi x B.

5.3.4.2 Design Data. These data include the design
paraneters that have major inmpacts on subsystem weights. The
Information is useful for evaluating weights in the early design
phase and al so for inproving weight estimating nethods.
Appendi x C presents a |ist of design paraneters to be used as a
guide for reporting the data.

5.3.5 Mscellaneous Mass Properties Report. A
M scel | aneous Mass Properties Report that includes the nass
properties data associated with contract changes proposals,
flurd and propellant verification, or current operational data
(See 5.2.3) shall be devel oped and docunented by the
contractor. The Contract Data Requirenents List (CDRL),
incorporated into the contract, nmay require this report to be
delivered to or approved by the contracting officer.

13
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SECTION 6
NOTES

The contents of this Notes section are not conpliant.
The notes are intended for use by Governnment Acquisition
personnel for guidance and information only.

6.1 INTERDED USE

This standard is intended for use in acquisition contracts
for selected space systenms and space vehicles. The standard
should be cited in the contract statement of work to specify the
mass properties control requirements for the space vehicles as
may be applicable to the acquisition. The mass properties
control requirenents specified are generally applicable to space
vehi cl es, upper stage vehicles, injection stages, satellite
payl oads, reentry vehicles, launch vehicles, ballistic vehicles,
or for other vehicles. For all applications the term "space
vehicle" is to be interpreted as the applicable vehicle.

6.2 TAILORED APPLI CATION

The requirenents in each contract should be tailored to the
needs of that particular program Mlitary specifications and
standards need not be applied in their entirety. Only the
m ni mum requi rements needed to provide the basis for achieving
the programrequirenents should be inposed. The cost of
I nposi ng each requirement of this standard should be eval uated
by the program office against the benefits that should be
real i zed. However, the risks and potential costs of not
I nposing requirenents shall also be considered. | mpr oper
control of the nass properties of space and |aunch vehicles may
allow the fabrication of vehicles that cannot neet the required
performance or achieve the required stability.

6.3 DATA | TEM DESCRI PTI ON

Wien this standard is used in an acquisition and data are
required to be delivered, the data requirenents identified bel ow
shal | be devel oped as specified by an approved Data Item
Description (DD Form 1664) and delivered in accordance with the
approved Contract Data Requirenents List (CDRL), incorporated
into the contract. Wen the provisions of DOD FAR Suppl enent,
Part 27, Sub-part 27.410-6 (DD Form 1423) are invoked and the DD
Form 1423 is not used, the data specified bel ow shall be
delivered by the contractor in accordance with the contract or

15
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purchase order requirements. Deliverable data required by this
standard is cited in the follow ng paragraphs.

Paragraph No. Data Requirenment Title Applicable DID No.
4.1 & 5.1 Mass Properties Control Plan DI - GDRQ 81127
4.2 & 5.2.7 Mass Properties Verification Plan DI - GDRQ 81128
5.1 & 5.2 Detail Mass Properties Report DI - GDRQ 81129
5.1 & 5.2 Mass Properties Status Report DI - GDRQ 81130

5.1 & 5.2 M scel | aneous Mass Properties Report DI -CGDRQ 81131

_ Each data item nust be specified on the DD Form 1423 to be
I nvoked.

(Data itemdescriptions related to this standard, and identified
in Section 6, wll be approved and |isted as such in DoD

5010. 12-L, Acquisition Managenment System and Data Requirenents
Control List (AMSDL). Copies of data item descriptions required
by the contractors in connection with specific acquisition
functions should be obtained fromthe Naval Publications and
Forms Center or as directed by the contracting officer.)

6.4 SURIECT TERM (KEY WORD) L1 STING

Mass Properties

Mass Properties Control
Wi ght G owth

Current Mass Properties

6.5 SUPERSESSION DATA.
This issue of ML-STD-1811 is a conplete revision that
supersedes M L-M 38310 for new designs. The previous issues of

M L-M 38310 remain in effect to cover the procurenment of
previously designed equi pnment.

Cust odi ans Preparing Activity
Air Force - 19 Air Force - 19

(Project No. 1810 F038)
Docunent 2447b/ Arch 1427Db
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APPENDI X A
MASS PROPERTI ES VERI FI CATI ON PLAN

This Appendix is a mandatory part of the standard.

10.  SCOPE .

This Appendix is a guide for preparing a Mass Properties
Verification Plan. The purpose of the Verification Plan is to
provi de a docunent which the contracting officer can use to
review the contractor’s planned nmethods for verifying the space
vehicle mass properties. This review includes assessing the
acceptability of the planned nethods and the availability of
acceptabl e nass properties nmeasurenent equi pment and neasurenent
sites.

20, R NCED NTS .
(Not Applicable).
30. REQUI REMENTS.

30.1 Selected Methods Description. The Verification Plan
shall include a general description of the nethod selected to
verify each mass property which is to be used in performance
anal yses, stability and control analyses, or other analyses which
require mass properties data as an input. The elenment of the
space vehicle for which the nass properties data have been
devel oped shall be described. For exanple, if the mass nonents
of inertia about the hinge line of a deployable el enent have been
specified or established by design Iimts, the Verification Plan
shal | descri be the el enent bein? depl oyed and state if the nass
noment of inertiais to be verified by test or analysis. If a
conbi nation of nmethods is planned, state the portions to be
verified by each nethod.

30.2 Substantiation of Method Selection. Analyses shall
be made to substantiate the nmethods selected to verify the nmass
properties. Technically logical explanations of the methods
sel ected, particularly for analytical verifications, shall be
included in the contractor’s substantiation of the nethods
sel ect ed.

30.3 Test Plans. General test plans shall be prepared.
The plans shall include a description of the itemor itens to be

APPENDI X A - 1
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tested and the mass properties linmits. A general description of
the testing equipnent, i1ncluding its accuracy, and a calibration
schedul e shall be included. A test schedule show ng the planned
test site, planned schedule, and articles to be tested shall be

I ncl uded. he use of mass sinmulators instead of flight itens in
any test shall be accurately docunented.

APPENDI X A - 2
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APPENDI X B
FUNCTI ONAL BREAKDOMWN OF WEI GHT

This Appendix is a mandatory part of the standard

10 SCOPE.

Space vehicles are conprised of subsystens which perform specific
functions. Exanples of two subsystems are structural support for
equi prent and el ectrical power. Useful subsystem information is
gener at ed when conPonent wei ghts are accunul ated on a functional
basis. The uses of functional subsystem weights include the tracking
of functional weight during design for weights proposed for new
vehicles, and the inprovenent of the database used for the refinement
of weight-estimting nethods. It is necessary to strive for
consi stency regardi ng which conponents conprise each subsystemif the
obj ectives of subsystem weight estimation and eval uation are to be
achieved. Consideration should also be given to the configuration
for which actual weight data will be obtained. The follow ng
sections provide guidelines for achieving this consistency.

20. REFERENCED DOCUNENTS.

JSC- 23303 “Design Mass Properties, Cuidelines and Fornmats

for Aerospace Vehicles", dated March 1989, (NASA
Johnson Space Center)

30. REQUI RENENTS.

30.1 Establishment of a Subsystem List. In accordance with
Section B10, wherein the functional basis is discussed, a list shall
be established which nanes each of the subsystens conprising the
space vehicle. Since the term "space vehicle" is representative of a
| arge variety of vehicles wth a wi de range of conplexities,
speci fying a conprehensive subsystemlist in this Appendix is not
consi dered advi sable. However, two subsystemlists are given in
Tables B-1 and B-11 which are intended to serve as gui des.

Addi tional guidelines can be found in JSC 23303. The contractor
shal | develop a subsystem|list suitable for the space vehicle being
devel oped. This contractor’s list shall contain subsystens in at

| east as much detail as represented in Tables B-1 and B-11.

30.2 Subsyst em Br eakdown.

30.2.1 Second Level of Detail. Each subsystemtotal weight
shal |l be broken down to a second | evel of detail. This second | evel

APPENDI X B - 1
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of detail shall be constructed to provide useful information for

wei ght estimation and evaluation. For exanple, useful information is
provi ded when a satellite electrical power subsystemis broken down
Into components of solar array, batteries, and power conditioning.
Representati ve subsystem breakdowns to a second |evel of detail are
shown in Tables B-1 and B-11. The information in Tables B-1 and B-1I
is intended to be a guide. The contractor shall establish the
aﬁplicable second | evel weight breakdown and it shall be at least to
the level of detail represented in Tables B-I and B-1I

30.2.2 Subsequent lLevels of Detail. A breakdown of the second
| evel of detail to a third level may be-useful. Exanples of this are
shown in Tables B-1 and B-11. As in the case of the second |evel of
detail, the third |evel nay be needed for weight eval uation and

estimation. The Contract Data Requirenents List (CDRL), incorporated
into the contract, may require the contractor’s subsystemlist, the
second-| evel -of -detail list, and any subsequent |evel-of-detai

lists, be prepared for review and approval by the contracting officer

30.3 FEunctional Coding. The contractor shall develop a
functional code which is consistent with the subsystemlist and |evel
of detail lists described in Sections 30.1 and 30.2 of this Appendi x
B. The code format is not specified. As weights are determ ned they
shal | be coded and accurul ated by the codes.

30.3.1 Anbiquities. In the process of coding itens to a
function, anmbiguities are likely to occur. For exanple, a solid
propel | ant notor case nay have two functions; propul sion and basic
structure. A cylindrical portion of a notor case may be partially
desi gned by the | oads produced by the payload the [aunch vehicle
carries and partially designed by the case internal pressure. The
dones are designed by the internal pressure and the notor case skirts
are designed by axial and bending |oads. Another exanFIe woul d be
the structure used to support the solar cells on a depl oyabl e sol ar
array panel. Argunents can be nmade for either a structure or
el ectrical power functional code. The nunerous small equipnent
support provisions can be coded to either structure or the function
of the equipnment supported. Simlar anbiguities arise in the case of
Wi ring, plunbing, or thermal doublers.

30.3.2 Resolution of Anbiguities. For those itens which have
nore than one function, the contractor should code themto the
primary function. If the choice is not obvious, the contractor may
make an arbitrary decision. \Wen arbitrary decisions are made for
items constituting at |east 10 percent of ¥he subsyst em wei ght, the
contractor shall maintain descriptive titles in the mass properties
records of the space vehicle. This permts the transfer of these
items fromone function to another at the discretion of the
contracting officer.

APPENDI X B - 2
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TABLE B- |
SAVPLE FUNCTI ONAL BREAKDOMN( SATELLI TE)

1. Payl oad

2. Structure
2.1 Basic Structure
2.1.1 Main Truss
2.1.2 Equi pnent, Bul kheads, and Pl atforns
2.1.3 Kick Mdtor Support Cone
2.2 Secondary Structure
2.2.1 RCS Tank Supports
2.2.2 Monentum Wheel Supports
2.2.3 Solar Array Retention Fittings
2.3 Adapter, Separation
2.4 Mechanical Integration (hardware, clips,

3. Thermal Contr ol
3.1 Louvers
3.2 Heat Pipes
3.3 Insulation
3.4 Surface Mrrors, Paint

4, Electrical Power
4.1 Sol ar Array
4.1.1 Power Source
4.1.2 Substrate
4.1.3 Drives
4.2 Converters
j,f Power Sw tches

hardware, msc.)
5. Cuidance, Navigation

6. Data Managenent

7.  Telemetry, Tracking, Conmand
8. Orientation Control

9. Reaction Control

10.  Propul sion

11. Weight Gowth Allowance

12.  Fluids

m sc.)

El ectrical Integration (harness, connectors,

APPENDI X B - 3
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TABLE B-|
SAVPLE FUNCTI ONAL BREAKDOMWN ( Li qui d Propul si on St age)

Structure
1.1 Fuel Tank
1.1.1 Dones
1.1.2 | i nder
1.1.3 Skirts
1.1.4 Anti-slosh Devices
1.2 Oxidizer Tank
1.3 Intertank Structure
1.4 Thrust Structure
1.5 Launch Supports

Ther mal Contr ol

Mai n Propul sion

3.1 Rocket Engi ne

3.1.1 Thrust Chanbers
3.1.2 Punps

3.1.3 Engine Systens
2 Fuel Feed

3 xidizer Feed

.4 Pressurization

5 Fill, Drain, Vent

Orientation Control (Thrust Vector Control)

Secondary Power
5.1 Electrical
5.2 Hydraulic

I nstrunmentation
Range Safety and Abort
Wi ght Growt h Al l owance

Fl ui ds

9.1 Inpulse Propellant
9.2 Residual Propellant
9.3 Reserve Propell ant
9.4 Bias Propellant

9.5 Qutage Propell ant
9.6 Pressurization Gas

APPENDI X B -
22
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APPENDI X C
DESI GN DATA

This Appendix is a dc no charge part of the standard.
The contents are intended for guidance and information only.

10.  SCOPE.

This appendix is a guide for reporting design parameters
whi ch have major influences on space vehicle subsystem weights.

20. REFERENCED DOCUMENTS.
(Not Applicable).
30. MAJOR REPORTI NG PARAMETERS.

The followi ng categories of data are useful for evaluating
subsystentme|?hts during the early design phase and for the
i nprovenment of weight estimating techniques.

30.1 Unmanned Satellite

a. Vehi cl e sketch giving major dinensions
b. Design Life

C. El ectrical power subsystem description (solar
array, battery)
Solar array area, cell thickness, cover glass
t hi ckness., substrate type, and materials
BatterY type epth of discharge, caPaC|ty
Bus vol t age, nu er of bus, nunber battery
cells

d. Attitude Control _ _
Typ% (nmonment um magnetic, nmass expul sion,
etc.

Poi nting accuracy, slew angles, and rates

e. Propul si on Subsystem - for nmaneuvering or orbit
changes

Propel | ant Type

Pressuri zation Method

Nunber of tanks and tank size

Nunber of thrusters and thrust rating
Total Velocity Increnent

APPENDI X C - 1
23



Downloaded from https://www.everyspec.com

M L- STD- 1811 ( USAF)
12 AUG 91

f. Thermal Contro
Type (Paint, insulation, |ouvers, heat pipes,
refrigerators)
Radi at or Area

g. Structure
Material Type(s)
Construction Type(sg ( Monocoque,
Skin/Stringer, etc.

30.2 Liquid Propellant Stage

a. Vehi cl e sketch giving mjor dinensions, tank
geonetry, etc.

h. Structural materials and types

C. Tank design pressures

d. Safety factor

e. Structural design conditions, |oads
f. Engi ne data o
- Thrust, Specific Inpulse (Sea Level and
Vacuum

- Expansi on Ratio
- Chanber Pressure

- Throttling Ratio

- Nunber of Engi nes
- Nunmber of Starts

- Throat Area

g. Propel | ant type, mixture ratio by volume or
wei ght, densities

30.3 Solid Propellant Stage

a. Vehi cl e sketch giving major dinensions.

b. Chanber pressure - average and maxi mum expected

C. Safety factor

d. Case structural material, number of segnment joints
e. Burn time

f. Nozzl e materials, throat area, expansion ratio(s)

APPENDI X C - 2
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g. Thrust vector control type
h. Propel | ant density, loading fraction
i Specific inpulse - sea level, vacuum

30.4 Reentry Vehicle

a. Vehi cl e sketch giving major dinmensions
b. Lift-to-drag ratio
C. Thermal protection system type

d. Wetted area (total)

e. Pressurized vol ume

f. M ssion duration

0. Structural materials and types

h. W ng span, root chord length and thickness, plan

area (define)
i Safety factor

j. Utimte |oad factor and associ ated weight

K. Stabilizing and control surface areas

l Landi ng system type (parachute, retro-rockets,
etc.)

m Propel l ant type, mxture ratio, densities

n. Reaction control system type, propellant type

0. Auxi liary propul sion system type, propellant type

p. Crew size

APPENDI X C - 3
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