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Mass has been widely used as a variable input parameter for Cost Estimating
Relationships (CER) for space systems. As these space systems progress
from early concept studies and drawing boards to the launch pad, their
masses tend to grow substantially hence adversely affecting a primary input to
most modeling CERs. Modeling and predicting mass uncertainty, based on
historical and analogous data, is therefore critical and is an integral part of
modeling cost risk.

This paper presents the results of a NASA on-going effort to publish mass
growth datasheet for adjusting single-point Technical Baseline Estimates
(TBE) of masses of space instruments as well as spacecraft, for both earth
orbiting and deep space missions at various stages of a project’s lifecycle This
paper will also discusses the long term strategy of NASA Headquarters in
publishing similar results, using a variety of cost driving metrics, on an annual
bases. This paper provides quantitative results that show decreasing mass
growth uncertainties as mass estimate maturity increases. This paper’s
analysis is based on historical data obtained from the NASA Cost Analysis
Data Requirements (CADRe) database.
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Background W

NASA previously had no current repository of historical
project data (programmatic, cost, and technical data)

In 2004, NASA implemented a procedural requirement in
NPR 7120.5 to conduct comprehensive programmatic
data collections, called Cost Analysis Data Requirement
(CADRe), at key milestones of a projects lifecycle

Currently over 170 CADRes have been captured and are
available for us by NASA analysts to assess trends,
identify cost/schedule behaviors, and obtain project
specific insight

As mass is a key parameter for NASA parametric model,
a study was commissioned to use CADRe data to
determine the historical observed growth for instruments
from various points in the lifecycle



CADRe V.

« CADRe is a three-part document that describes a NASA
project at each major milestone (SRR, PDR, CDR, LRD,
and End of Mission).

« PARTA

— Narrative project description in Word includes figures and
diagrams that note significant changes between milestones.

 PART B

— Excel templates capture key technical parameters to component-
level Work Breakdown Structure (WBS), such as mass, power,
and data rates.

« PARTC

— Excel templates capture the project’s cost estimate and actual life-
cycle costs within NASA cost-estimating WBS to the project’s
lowest WBS level.
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A2 Subsystem Desctiption

The Deep Impart Flight System (FS) is shown in it free-fight eonfiguration in Figure 8. Figure
10 shows the system decompose d ins ts thres slements.

1. The Flyby Spacecraft sanies BI's instrument complement and impactor ta the uicinity of
the nudeus, releases the impastor, relays impador data back to Earth. supports the
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nudeus and crater dstate Earth
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copperto siminate any risk fram fight system mass growth

Figure 8 "Impacher First” Flight System Corfiguratior™
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impactor /. The instrument eomplement will be described in section A3
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Subsystem Description

#33  Impactor Target Sensor (IT5)

The Aelessepe for the Impaciss Target Serar (shown ia Figure 62 i Merdoal % the MRI
babwaege. Saniardy, lhe Gy ceh el by B far M HAl

plate milh
[: Ilmmlnlwi
e iemgachr
ar

o 113

il Graects

Figure 62 mpastss Taigeing Senss™

#34  Common Electronios

CED debecter supporting e
" -im.w i, Tha dubcter
b dighal puvvessing

ary ur aow
1 AT bing, mackanim contn

1ok, webich

U, il B

U AL

o R.GZ inbaace f backad 1y byt B e Bt

Afraneter 1395 Thate images conciius 1he hazalire data £ed 3nd 2 baskied
up by AR S e ey, 4 DR

The EOMM-3. pridused by Spetnum dejy, deabies 8.2 s ©1 GURD of starage space,
Fach ink har beo Indepanartly accerribis, coinfanratibag S divas, sach capabl
hriss o Fwage. saikvatent ts #1800 fal (18 Wl £00 mapes. and 7 509 Te
a. 8o HAI and WA vl have one ECMAE3. one drive for each FRi. This sumnu.l
shurag capablity mt only sk for ful badews of B basabne date bl shio sl
QRN AThasAEment 0 tha ScHNGE SR In Tyt R o4 supPhement daa set. The imape
g vl 18 Uhe dives b ~00% of (her capachy, s o, lalds #tar
el

' Taannital Apgeaach, Doto mgast G52, 26 Mach %90, p. 336,
T Ty chnical Apgeaach, Deep fupact G575 March %55, p 331
™ Teonnial Apgeaach, Doco gact G54 26 Maich %90, p. 336,
v Toohndual Apgraach. Dot iamact CER. 28 Maich %t . 336,
ashnical Aporoach, D fupact CER.20 Maich %98, p. 335,

Payload Description
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Part B Example

ws the Technical Data (Mass, Power)
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CADRe Process
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pleted CADRe’s are Stored in ONCE T

m NASA-certified Web-based system
m Controlled access
m Automated CADRe search and retrieval
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CADRe/ONCE Analysis Product EvolutionT

Today Future
110 Instruments +30 CADRes/Yr
200 CADRes Trending on Mass +6 Missions/Yr
Growth
Initial Mass +2 additional
Growth Study Metrics

Analysis
Products

Enhanced Mass Continuous

Growth Study Trending
+ 1 additional Additional Metrics
Metric Normalized
Dataset
Types of Analysis Products Bonus
One Pagers Bonus Consistent
Datasheets Analysis Trending Normalized
Published Papers Datasets

[ Continuous Improvement by Creation and Maintenance of Analysis Products J




Study Hypothesis W

= As the project nears the launch milestone, mass estimates
Increase in accuracy

e Mean of the mass values by milestone approaches 1 (zero
growth) — Getting better at predicting Launch Mass

e Standard Deviation decreases as the mass technical baseline
matures — Lower variability in mass range

= An Exponential Decay function can be used to model the

average decrease in mass growth as the technical baseline
matures

= Exponential Decay is a decrease in a value N according to the
law N(x) = Nye~* where:
e Ais the decay constant
e Ny = N(0) is the initial value

12



Why Use Mass? ¥

e Data Availability
— Mass is a core technical parameter captured by CADRe

« Data Usage
— Mass is widely used as a variable input parameter for Cost
Estimating Relationships (CER) of space instruments
— Underestimation of mass impacts CER results

 Risk Input
— During development, mass is an estimate
— “Final” mass may be different than what is estimated

— Understanding growth potential allows for better quantification of
risk inputs

Predicting instrument mass growth is critical and is an integral part of modeling 13
instrument cost and its associated risk



Study Process ¥

Data Stratification

L

| '\\ 5 X
O ~ \ A \

< w O N
Data Collection GE)oi!/ttr?bEElg;or \ Growth Factor \ Statistical
and Normalization Decay Analysis

Analysis . Results
~ «
W e o o o :
L “w _—

Assessment and evaluation of source data, extraction, normalization, and
format conducted prior to data analysis

Statistical Analysis software facilitates Growth Factor and Decay analysis
— used COTS tools (Excel and CO$TAT from ACEIT Software suite)

Data Stratifications include selection of Milestone groups or technical
characteristics of dataset instruments

14



Data Collection
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Decay Analysis
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Calculation Techniques T

» Milestone Growth Factors

— Growth factors for mass developed for each mission from each
milestone to final launch value

— Two techniques used
* Technique 1. CDF development and mean value determination from Excel

* Technique 2: Distribution and statistics determined from CO$TAT best-fit
analysis

 Decay Equation
— Identify a group of instruments with data across all targeted milestones
— Determine mean growth factors for each milestone

— Conduct regression analysis
» Excel using graphing capability
— Plot chart of Mean Percentage Growth
— Run exponential regression through points and display equation
» Excel using a formula

— INDEX(LINEST(LN(MEAN PERCENTAGE GROWTH VALUES),ESTIMATE
MATURITY),1)

o COS$TAT using Non-linear analysis feature
— Estimate Maturity = a * EXP(b* Mean Percentage Growth)
— Calculate decay constant =b

16



Decay Analysis Results Can be Used to W
Create a Continuous Mass Growth Model

Basic Model

Instrument Mass Growth

Magi =M (€™ (Kgr —1)+1)

Magj = Growth-adjusted Mass Estimate Distribution
Kge = Baseline (@ CSR) Mass Estimate Growth Factor Distribution
M = Technical Baseline Point Estimate of Mass
b = Mass Growth Decay Constant
t = Estimate Maturity Parameter
(CSR/SRR = 20%; SDR=40%; PDR=60%; CDR=80%; Launch=100%)

Enables Analysts to Use at any Point in Design Cycle and not just at Milestones 17



Deriving a Decay Constant from Massw
Growth Data
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Decay Model

Example of Continuous Mass Growth

¥

1.9
1.8 =
§ 1.7
3 16
gl \
3 14
E 1.1 \77 7\
e B \
2
(7]
£ 038 o —
0.7 =
0-6 T T T T T T T T
0% 10% 20% 30% 40% 50% 60% 70% 80%
CSR PDR CDR

Estimate Maturity

= 85th Percentile
e \ean

50th Percentile

Technical Baseline

= 15th Percentile

Enhances Analyst Capability to Specify Mass Uncertainty Ranges for CERs and

SERSs

19



Mass Growth Distributions

Common Milestones — CADRe Data

Sample LogNormal Normal Triangular  |Beta Uniform
Mean 1.3787 1.3853 1.3787. 1.3788! 1.3800 1.3787| CSRISRR
StdDev 0.5359 0.5269 0.5272 0.5210 0.5309 0.5023| 100
Ccv 0.3887 0.3804 0.3824 0.3779 0.3847 0.3643|
Min 0.3571 0.2284 -0.0626 0.5087| *
Mode 1.5357 1.1312 1.3787 1.1564! 1.2101 90 Y'Y >
Max 2.8462 2.7515 8.5258 2.2486
Alpha 5.9756 4
Beta 29.6004 80
Data Count 46 %< 0= 0.45% None! 0.00% None| N4
Standard Errol Sample LogNormal Normal Triangular Beta Uniform
Rank Mean 1.1426 1.1447 1.1426 1.1426 1.1430 1.1426| PDR
SEE / Fit Mear StdDev 0.3350 0.3225 0.3226 0.3144 0.3219 0.2969 100
Chi”2 Fit test {CV 0.2932 0.2817 0.2823 0.2751 0.2816 0.2598| ¢
14.0 Min 0.1250 0.4140 -0.1470 0.6284
* TMode 1.0208 1.1426! 1.0655! 1.0896 90 'S
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c 8.0 1 Chir2 Fit test 9 Bine Sin N N& A (1002 and (100 200 Doar (104 (204 y
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o 6.0 StdDev 0.1080 0.1062 0.1044] 0.1043 0.1048 0.0997| 100
T 16.0 Lo cv 0.1021 0.1004 0.0987 0.0986/ 0.0991 0.0942 //’
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Percent Growth

Percent Growth by Milestone
Common Milestones — CADRe Data

Scenario 1
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Mass Growth Decay Model
Common Milestones — CADRe Data

Estimate Maturity

200%
Decay Constant = 15th Percentile
2.187 = 85th Percentile
150% 0
0 == Technical Baseline
y= 2'4049e-2'187x X3 ¢ Data Point
100% R7=0.9341 % Mean Decay —
= ‘ Expon. (Mean Decay)
3 50% —_— P
(G}
)
1)
©
-
9 0%
o
) I
L g
-50% * L 3
L J
-100%
'150% T T T T T T T T 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

CSR/SRR = 0%; SDR = 40%; PDR = 60%; CDR = 80%; Launch = 100%

¥

22



* Final Study Results
— General results for all NASA instruments and Spacecraft
— Segmentation analysis (e.g., instrument type, destination)

* Published one-pager fact sheets to help NASA analysts Iin
the field
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