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Abstract: This study explores instrument schedule delays and their potential impacts on
mission development cost for recent NASA projects. Schedule data collected at key
milestones for a number of NASA instruments is used to compare planned and actual
instrument development times. The study shows average instrument development
schedule growth is on the order of 30%. Comparing last instrument delivered
development time and mission development cost growth shows a positive correlation,
indicating that instrument schedule delays may increase total mission development cost.
Instruments are binned by various categories such as instrument type, mass, power, etc.
to explore specific trends. The results of this study can be used for planning purposes by
project and program managers in charge of future NASA development efforts.



pualConference and Training Workshop - www.iceaaonline.com

AEROSPACE

Assuring Space Mission Success

Instrument Schedule Delays Potential Impact on
Mission Development Cost for Recent:NASA
Projects (Follow-on Study)

Kristina Kipp

Stephen Ringler

Erin Chapman

Luke Rinard

The Aerospace Corporation

Claude Freaner
NASA

2011 ISPA/SCEA Conference and Training Workshop
June 8-11, 2011



Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

Overview

* Background & Motivation
* Study Objective

* Study Approach

* Data Analysis

* Results

* Conclusion
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Background
Previous Study

* Initial study presented at 2010 NASA Cost Symposium

— “Instrument Schedule Delays Potential Impact on Mission Development
Cost for Recent NASA Projects”

— Explore instrument schedule delays and their potential impacts on
mission development cost for recent NASA projects
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NASA Cost and Schedule Growth Establishes Need

for Evaluating Cost & Schedule Drivers
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Correlation Between Mission Development Cost and
Schedule Growth Prompts Further Study
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Correlation Between Mission Development Cost and
Schedule Growth Prompts Further Study

* Previous study established a

Correlation between miSSion Mission Development Cost Growth vs. Last
Instrument Delivered Development Duration
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Objective of Follow-on Study

* Obijective of follow-on study is to further investigate factors
correlated to instrument schedule growth

* Determine schedule growth trends based on instrument
parameters, such as mass, power, and instrument type

* Provide guidelines that can be used for planning purposes by
project and program managers in charge of future NASA
development efforts
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Study Approach Overview
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Instrument Durations Studied
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Instrument Schedule Growth by Milestone

Average Actual vs. Planned Durations
by Milestone
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A majority of schedule growth (absolute and percent) occurs from

CDR to delivery.
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Instrument Schedule Growth Binned by Mass

Average Phase B Start to Delivery Average Actual vs. Planned Development Time
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On average, larger mass instruments For instruments >100 kg, 84% had more
require longer development durations. than 6.8 months schedule growth. Itis

Absolute schedule growth is positively unlikely that many of these had more than
correlated with instrument mass. 6 months schedule slack built in.

# | = number of instruments in each bin
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Instrument Schedule Growth Binned by Power

Average Phase B Start to Delivery Average Actual vs. Planned Development Time
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For power and mass bins, average
development time growth has large
standard deviations, indicating that other
variables should also be considered.

Higher power instruments also require

longer development times, and experience
longer absolute schedule growth.

# | = number of instruments in each bin
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Instruments Binned by Mass and Power
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Schedule growth from instrument CDR to instrument delivery is particularly

pronounced for higher mass and power instruments.

# | = number of instruments in each bin
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Instruments Binned by Type

Primary Instrument Category Secondary Instrument Category

Altimeter
Active Optical Imager

Sounder

Imager

Multi-spectral
Passive Optical Hyper-spectral
Radiometer/Photometer
Telescope
Arm/boom
Meteorology
Sample collection
Sample analysis
Microscopes
X-ray
Neutral Mass
Mass measurement lon Mass

Tunable Laser

Imaging

Non-imaging
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Instruments Binned by Type

Average Phase B Start to Delivery
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' Largest schedule growth is experienced '

by optical instruments.

Most of the schedule growth occurs
from CDR to Delivery.

# =
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Instruments Binned by Type
Average Actual Durations by Milestone

Average Actual Delivery Durations

Active Optical 024.8

oy ST WE08 W o 12

T | Standard
Mass Measurement _ 057 deviations are for
total schedule
| duration
Passive Optical o12.6
T T T T T !
0 10 20 30 40 50 60

Duration (months)

B PhaseB- PDR B PDR-CDR ®m CDR- Delivery

*|nsufficient data for landed instruments

Typical instrument durations by phase can be used by program and
project managers as a sanity check during early planning of instrument

delivery schedules.
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Instruments Binned by Secondary Type
Passive Optical Instruments

Average Planned vs. Actual Delivery Durations, Average Phase B Start to Delivery
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For passive optical instruments, the largest # | = number of instruments in each bin

schedule growth (percent and absolute)
occurs from CDR to Delivery.
On average, passive optical instruments

Telescopes experience the largest schedule
growth (47%, 17 months) of all passive

require 45.2 months from Phase B start to
Delivery and experience 29% (10 months)
schedule growth.

optical instruments. Radiometer/photometer
instruments require the longest
development time (59 months).

Passive optical instruments account for over 50% of the data set
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Instruments Binned by Spacecraft Destination
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Missions with constrained launch windows (i.e., missions to planetary bodies or

comets/asteroids) have shorter development times and less schedule growth.

# =

Results plot the average of all instruments on a given spacecraft
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Conclusions (1 of 3)

* QObserved trend: Most schedule growth (percent and absolute) occurs
from CDR to Delivery

* QObserved trend: Larger mass and power instruments require longer
schedule durations and experience larger absolute schedule growth

* Observed trend: Optical instruments require the longest schedule
durations; active optical instruments experience the largest schedule
growth

* Observed trend: Missions beyond the Earth (constrained launch
windows) have shorter development times and experience less
schedule growth than Earth-orbiting or Earth trailing/leading missions.
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Conclusions (2 of 3)

* More informed planning may help reduce schedule growth and hence possible
reduce mission schedule and cost growth

* Previous study determined average instrument schedule growth across all
instruments studied

— Potential rule of thumb: Planned instrument development schedules may warrant extra
scrutiny if...

* Phase B Start to Delivery is less than 33 months
* CDR to Instrument Delivery to Spacecraft is less than 15 months

* Certain types of instruments require longer than the typical schedule durations

— Potential rule of thumb: Planned instrument development schedules may warrant extra
scrutiny if planned Phase B Start to Instrument Delivery is less than...

* 50 months for instruments with mass greater than 50 kg and power greater than 50 W
58 months for active optical instruments

46 months for passive optical instruments

47 months for Earth-orbiting missions

54 months for missions to Lagrange points or Earth-trailing/Earth-leading missions
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Conclusions (3 of 3)

* Certain types of instruments require longer than the typical schedule durations

— Potential rule of thumb: Planned instrument development schedules may warrant extra
scrutiny if planned CDR to Instrument Delivery is less than...

28 months for instruments with mass greater than 50 kg and power greater than 50 W
30 months for active optical instruments

25 months for passive optical instruments

25 months for Earth-orbiting missions

26 months for missions to Lagrange points or Earth-trailing/Earth-leading missions

* Rules of thumb are based on average durations for each instrument bin

— Because of large standard deviations in the data, rules of thumb should be used to determine
if planned schedule warrants extra scrutiny based on previous experience

— Rules of thumb are not hard caps on shortest achievable instrument schedules
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Next Steps

* Compare study results with respect to current schedule reserve
guidelines

— More informed planning may help reduce schedule growth and hence
possibly reduce mission schedule and cost growth

* Review monthly program reviews and schedules to potentially
identify causal effects between instrument and mission schedule
growth

— Current study establishes trends and correlations, not causation

* |dentify instrument development problem areas and reasons for
iInstrument schedule growth

— Examine relationship between instrument schedule growth and
instrument mass, power, and performance growth
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