A ——

Healthy TenS|on

Dan !\/‘ullane / Chief S&MA Officer
y Dawn C. Stanley [ Assistant Chief Engineer
‘ Jeff Hamilton /}Deputy Chief S&MA Officer

NASA 2010 PM Challenge
February 9-10, 2010

..',,_. —w‘trvz 1

Used with Permission




Ares I-X Test Flight

CONSTELLATION

¢ Ares I-X was successfully launched from
Kennedy Space Center’s Launch Complex
39B on Oct 28, 2009

e First flight test for NASA’s Constellation
Program

e Provided NASA an early opportunity to
demonstrate the flight worthiness of a new
launch vehicle class (Ares) while gathering data
from over 700 onboard sensors

e The strong desire for an “early” test flight
relative to the Constellation Program’s
“mainline” launch vehicle (Ares |) life cycle
necessitated an aggressive schedule for Ares I-X

e “Healthy tension” between the Ares I-X Mission
Management Office and the Ares I-X Technical
Authorities was instrumental to the flight test’s
success
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Ares I-X Test Flight Background @

¢ Ares I-X was a Constellation Program-level managed test flight
e High-visibility
e Relatively high-dollar (~$450 million dollar)

e Aggressive schedule
— get data early to help influence Ares I’'s development

¢ Activity was spread across several NASA Centers

GRC — Upper Stage Simulator

JSC — Constellation Program Management

KSC — Ground Systems and Ground Operations

LaRC — SE&I and Crew Module / Launch Abort System Simulator
MSFC — First Stage, Avionics, and Roll Control System

¢ Successful implementation of a relatively large multi-Center activity with
an aggressive schedule required strong teamwork and establishment of
effective communication networks

® Among the Programmatic Authority and Technical Authorities
e Internally within the Authorities communities
e Externally to Customers and Stakeholders



CONSTELLATION

Agency’s Governance Model
and establishment of Technical Authority
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NASA Governance Model — Shared Authority

NPD 1000.0, “NASA Strategic Management and Governance Handbook”

e To provide a firm foundation for the balance of
power between organizational elements via the
separation of Programmatic and Institutional
Authorities.

e To provides a management structure that
employs checks and balances between key
organizations to ensure that decisions have the
benefit of different points of view and are not
made in isolation.

e Enables the roles and responsibilities of both
Programmatic and Technical Authorities to be
wired into the basic organizational structure in a
way that emphasizes their shared goal of mission
success.

* Provides a means for handling dissenting
opinions.



Goal of NASA Governance Model
“Finding the right balance”

Technical

Schedule

“Schedules are essential tools that help large organizations effectively manage their
resources. Aggressive schedules by themselves are often a sign of a healthy institution.
However, other institutional goals, such as safety, sometimes compete with schedules, so

the effects of schedule pressure in an organization must be closely monitored.” — CAIB
Report, Volume 1, Section 6.2




Goal of NASA Governance Model
“Finding the right balance”

Technical

Schedule

Over-emphasizing technical goals and trying to eliminate risk without consideration for
cost and schedule constraints will likely lead to a program that never gets off the ground.



Goal of NASA Governance Model
“Finding the right balance”

—
Schedule

Healthy Tension

All Authorities are trying to achieve the same goal, a successful program.
“Healthy Tension” between Program Management and the Technical Authorities is critical to

mission success. Finding an appropriate balance (the “sweet spot”) between cost and
schedule constraints and an acceptable risk level is the key.



CONSTELLATION

NASA Governance Model

Agency Organizational Structure

e

[llustration from NPD 1000.0A
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Constellation Program

Administrative Office
S. Castillo

JSCIZA]

[

Program Manager
J. Hanley

Lunar and Planetary
Exploration Office
W.Mendell (M) jgoy

o AR AATKA]

Deputy Manager
L. (Dale) Thomas (MSFC)

Chief SMA Officer
J. Bye (M)

Chief Medical Officer
J. Davis (M)

JSCIZA

A es I-X Mission Manager: B. Es
S. Davis (MSFC)/\J. Cowart (KSC
c = o i = hRical-

1

Chief Architect

J. Burnett (M)

B. Muirhead* (JPL)
Dep for Architecture: K. Joosten
Mgr for Tech Integration: A. Conde (M)
JSCIZAT

’ Chief Engineer N
N S Labbe (M) s5ca

Space Transportation
- E. Mango (M)

KSCIMS

Assistant Manager Integration: B. Ward +— Associate Program Manager MSFC: S. Doering
Special Assistant Integration: M. lvins (M) — Special Assistant for Operability: W. Arceneaux
Chief of Staff Administration: S. Castillo” - Assistant for Strategic Communications: L. Madison (M)

—Secretaries: K Gabel, 5. Vasquez

Associate Program Manager for Lunar Formulation: K. Laurini
LSpeciaI Assistant for Lunar Formulation: J. Rhatigan
doek — Associate Program Manager KSC: Vacant

Program Operations & Test Systems Safety, Reliability & Information Systems
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Control Office R. Castle Integration Office Office 0. Monell (MSFC)
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—--— Pre-Project
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—————— L——..

Lunar Surface
Systems Project
C. Culbert (M)
M. Leonard

S Vangen (KSC)
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Ares I-X Organizational Structure

Safety & Mission
Assurance

Mission Management
Office (MMO)

Engineering

Chief S&MA Officer (CSO)

Mission Manager Chief Engineer

System Engineering
and Integration (SE&I)

SE&I Manager
SE&I Lead Engineer
SE&I S&MA Lead

Ground( cC;)g()eratlons First Stage (FS) Avionics CM/LAS Simulator

GO IPT Manager
GO Lead Engineer
GO S&MA Lead

FS IPT Manager
FS Lead Engineer
FS S&MA Lead

Avionics IPT Manager
Avionics Lead Engineer
Avionics S&MA Lead

CM/LAS IPT Manager
CM/LAS Lead Engineer
CM/LAS S&MA Lead

Ground Systems (GS)

GS IPT Manager
GS Lead Engineer
GS S&MA Lead

Upper Stage Simulator
(USS)

USS IPT Manager
USS Lead Engineer
USS S&MA Lead

Roll Control System
(RoCS)

RoCS IPT Manager
RoCS Lead Engineer
RoCS S&MA Lead

Programmatic and both Technical Authorities has leaders in each “box”



Chief Engineer (CE) and Chief S& MA Officer (CSO) served as the primary
representative of the Engineering and S& MA communities,
respectively, to the programmatic authority

Goal of the CE and CSO is to be a highly informed representative

¢ Influence overall technical direction via daily activities, participation in Board
meetings, etc

e Bring relevant information and different perspectives to the decision tables

e Assure decisions are “risk informed” and result in acceptable levels of risk

e Serve as the approval authority for deviations or waivers to OCE and/or OSMA
owned Standards / requirements

e Assure dissenting opinions have their “day in court”

e Assure customers and stakeholders have awareness of risks

Connectivity of the CE and CSO to the broader Engineering and S&MA
workforces, respectively, is critical to properly representing these
communities

Multi-Center cooperation and the associated communication flows
were keys to Ares I-X success.

e Ares |-X team operated with a “One NASA” mindset.

e Historical barriers that can be associated with “Centers” and “Levels” were

broken down.
e Information flow within and across communities was very good.
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Implementation of Technical Authority on Ares I-X
- Information Flow and Meeting environment - |

¢ Mission Management Office (MMO) and Technical Authorities
(TA’s) established forums to promote information flow

e MMO Weekly Tag-up’s
— MMO, IPT Managers, and TA’s
— Routine communication of accomplishments, upcoming events, issues/concerns

e CE and CSO led Weekly Tag-ups
— CE led weekly Engineering leadership tag-ups
— CSO led weekly S&MA leadership tag-ups
— Meetings often focused on identification of issues/concerns and formulation of
TA positions / recommendations (see next slide for mechanisms)

e Ares I-X Board meetings
— Often included “frank, spirited” discussions. Participants were “actively
engaged”
— Different perspectives were shared and generally respected....even if we chose
to disagree

e TA’s issues / concerns and recommendations were routinely
communicated to Mission Management as well as customers and

stakeholders
— Monthly Multi-Center (or integrated) Center Management Council (ICMC)
— Constellation Program’s top Control Board (CxCB)
— Milestone Reviews (e.g., CDR’s, Pre-ship Reviews, Acceptance Reviews, Mate
Reviews, Flight Test Readiness Reviews, etc...)
— TA’s perspective and recommendations was a standing item on Meeting
Agendas

14



& EXAMPLE of S& MA communication mechanisms

SE&I S&MA Summary

i\

[ News

Near Term Schedule (60 Day Outiook)

+ Continuing to update IHRs, VTL and action items

# Supported Launch Team TIM and KSC Tng (13 -14 Jan)

# HAWG Team provided an outbrief to the GO/GS First
Stage Proces: - T : .
Surge Facility

+ Supported the
AV [ground) a kg

# HAWG will support Phase | hazard analysis forward
work for the GOIGS Pad B Processing to T-0, GOIGS
HB 173 Integration and Pad Transport. and F3

Recovery Hazards

Avionics IPT S&MA Summary

* Supported LC Nows

Near Term Schedule (60 Day Outlook)

# Helfrich attent

+ Supporting th
(Jehnson, Jan

N Comp

3 1o
-ship Briefto XCB
ship Rewew

ual Honeywell Successiul
ound Hazards
el by 1130

Issue Title

Top SREQA Cy

! Risks / Issues (Continued)

Issue Title

Thrust Oscillation

Brief Description

Go-Forward Plan
Cone!

Racavery Hazard NS Connectors

Salely Figk Score

Shuttle connectces faded dunng
Analyss - ATK NSI Qual testing

Do sutection testing ocevned Now, 12, Aviorics pursiing a jor
Qual test with FS. Engineenng is working on the procedure
RF 128000

Discussed

standardization

Rell-out
Stabiization

Butfstl oads

DFISingle Paint
Eailures failures

O i

Mandatary DFl has single paint

Mandatory se have been identified and spares wil be
peocured based on this sdenbilication, so they can be replaced on
1he ground in the event of predawnch failure

The 5 hole probe and the TAT contai undant sensors

within. This redundancy was provided due 1o the mporance of
these measurements and the difficulty in changeg them oot i the
event they failed

el Rasalatisn plan i sesirs

Ares I-X S&MA CoFTR Status

ur?

o 2. Cx FRACA)

hanconfermants rpartag syetem

yenes) ot flight

X Wabeer approved

=4l parties agres that Might raticrale exists. Witness pane| testing
ol

i aevy dmpartures have

et X Sabtuare Atburancs bnd Aaratphes WAV hat confirmad Bt
afteaee hready

CoFTH 5&MA . R
o Req't Col TR Endorsement Statement |Concur Comments Exceptions | tanstraints
P T SBMA Leads reportng Ihat age senailive Bem (¢ 4. yros] e within
e with the exceptien of
Rt ryris - A1 wabver approved
RERMGLA AM-904 EC

formance’s remain open But snificant orogress has been made closing

G and S and Avionics
#T's to confirm dispasition
and any requires work
complete onopen

(A1l AL waivers have been approved

2. Coneur thatal +150 aed FIGhE BTG b raching apen neesi agclosely
e b sakiae g £ “heas
Hrduare & : tems are being tracked in
i Besrdance with Aret X SRBEIA Al pate MBIty s canfirm that nancanformasdas have Baen dissostionsd
Soltwae L irement ’ vecdmorkbmibeenoertomed rensnien]  Gotansruotie
Acceptance ) ke B Aviesics 7T eanfiem
. . — - dispesition and werk
complets onopen LM G
eemennfarmances Motes
Cancur that Government
randatary iegpaction Saits [GhIPH) BT raparting aEfitry lrplamanition o GMIF'E None
have been completed
MBS raparming closure of sudijrurvailisnce findings None

S&MA Team inputs feed into overall S&MA Health Status
reported monthly to customers and stake holders.

comsiiATIon RRE

Ares I-X S&MA Health Snapshot

Product / Activity

Health

Comments

SRAQA Flan

AIX SR&QA Flan (A11-PLN-5ROA) baselned at XC8

Hazard Analyses Reports & CSERF status

Hazard Analyses and Reports on targetfor planned CSERPS
= see dtached HA & CSERP chans

Hazard Controls - verification status

Safety i g ] its

Limsted Life itams within allowsd life

- All IPT SKMA's reporting thatage sensitive items (9.g., pyro’s) within life

- Only Isa
walver for out-of-cert life SSP RSRM.  (Notec All parties agres flight rationale exist)

ALERTS

AIlFT $AMA repornting ALERTS closed with no Impacts identified to date

Design Verification

ycie fie.
shipped, and being assembled)
- High likelinaod will be reg)
- Known FS TVC and FTS axists

flight ratianale
- Kay

Hardware Accepuince

continue to slip to ng
- Delta-reviewstag-ups have been required for all AR's held to date (USS, CMILAS,
F 5 HAR-1) due 10 Open ISSUes and open paper
Atlas Bus Couplerfallure

f Ares |-X Bus Couph it
11k ds not exist

LCC's incarporate any applicable HR derived
requirements

to assure all
identifiod HR LCC centrol LCC's.
- will shiftemphasis to LCC's in near future

Schedule

“Mission h chosenta e rish” with design.
{e.g have (
mission’s life cy
. X vary han
workforce

Opportunity for missesioversights is very real

All inputs eventually feed into the
S&MA CoFTR Endorsement




EXAMPLE of CE communication mechanisms

excesdence o
Pl pacdate

Rrs

Ares |-X RoCS IPT Lead Engineer Summary

Key Decisions / Milestones / Activities

60 Day Outlook

+ Fit checks completed at KSC

+ Through Bulkhead Initiator bomb tests
performedat ATK — no anomalies yet
uncovered

+ Acceptance review data dropped 2119

#+Acceptance Review - 3/10

+Loading of consumables — 3/127

+Begin final integration to Interstage — 3/267

+Vibe testing — 2/27.3/21

+Cold flow ! Initiation | Check Valve Interaction Test - 3/7

Product Status

Top Lead Engineer Concerns / Issues

Waivers (totsl: 0)

Deviations ftotsl: &)

Verification Status

O In wark {not ready for IPT approval)

O Resdyfor|PT spprovsl

0 ResdyforXCB approval

Closed (stIPTLe:
institutions| enginse

including

ing)

Closed (st XCB Level)

Waterial Review Board Status

O #Nonconformences

0 #Usessis

+ Cannot complete verification prior to scheduled dates for acceptance
orloading of consumables
 Vibration tests to 0CCUT after aCCEptaNcE review
« Pyro sssaysto occursfier sceeptance rev
« Initistion / cokd flow/ initistion test fo occur sfierreview
* Also naed time fortest dsta review

+ Peacekeeper pyrovalve ordnance is roughly 10 years passed its
original design life of 10 years
» Through Bulkhesd Intistor (TBI) accptance datanot found
ife Extension dsta for booster cartridges does st
» Bomb tested 10 TBIs fram each of the twa “lots” used forfight
» Planning to chemically assay s booster cartridge from lots used for fight (3 types/iots
ofbooster cartridg
« Wil functionslly test two ot esch type of pyro valves utiizad by RoCS (3 typas) using
the sams lots of TBIz and booster cartridges usadforfight

+ Fairing redeslgnappears necessary,ana\ysws ‘ongoing

O Serep orRetum to Print

« Some f stitfening and/or more fasts sirongarfastemars.

* Notionally planning to do both

» Fournew vertical ribs are ikely to be riveted in the large flst secion of the panel

» Faiings shipped without fight torqueing fastenars or sealant to sllow removal / rewark

a7\

Ares I-X CE CoFTR Status

Vellow: Froductdsiieary or melurly Ic behind cohedule but Ic
- recaerabis wiiin the IFT. .

VeuNo

1
o it i ta gt with
sdeguate technical review

1 in agreement with
e been rbmited

raicliad Ancmaset
]l rebevane
pramabes (I A4) of
heiitage barduacs wiadior

ysem, Avianics, and
fround iyttems BTy caly]

[ the X cbamem concurmence
Earenng o revtw st
dr vt the Py
Contractsry UA/FA msessments

7

compiete 00t cauie walviis. Plan v
tuccasehly implamented

wanse

Framengnessingor reviewand

earement et e

1 € particioated in the review of sultware
feerificanen clowre st T and system bevel

frem eegrrenin
AT ADO 2 G
IFT Acceptance Osts B, R

4 feqursient?
Packages |ADF) -

fo g £ cbtmen concu

[ T CF and secures &

ottt the review of ST Gnd STAI
e

The RaCE, CM/LAS, LSS & FI 19T LEs have
ceified that thair respectier ETADST 2

1/ Tianer 3

(807 or Ground Dpassystems ™o hone
pralent been sropethy ciosed?

cizie-looped tracked. CLOSED

Lead Engineer Team inputs feed into overall CE Health
Status reported monthly to customers and stake holders.

A Ares |-X Engineering Scorecard/July ‘09

Technical

Schedule

Sub-System

Comments

QOverall
Assessment

Launch October 31 (including 14 day Mission Manager reserve; team working
to October 17 launch), madequate time to complete required reviews,
incomplete ADP, hardware is at KSC and being processed prior to acceptance
and verification, many waivers still to be processed and approved

SE&I

System verifications slip to the right pending closure of IPT verifications; Tiger
Team assessments of loads for SDB v6.0 leading to changes in liftoffand ascent
loads, unknown resultsfrom IPTs especially FS—TVC and FTS; Modal Test|
preliminary results indicate coupling of F SAMwith Motor; DFI Configuration 2 test
stopped before completion (including mandatory sensors - 5 hole probe and air
wvanes — plan is to return to complete (if time allows); Possible |
due to problems with 1) single point ground and 2) noise from the
power units. ; Possibleloss of cooling fans for USS mounted fligh
EMlissue.

Avionics

Salt fog requirements; 1553 bus coupler issue; connector pin recession
issue (final report due 7/31/09); still assessing environments/oads; 25
nonconformances inwork, 5 waivers being processed

Roll Control
System

Allverifications are complete; MRB review of of vib and cold flow test
nonconformances — need to ask Patton about status

First Stage

Hardware being processed (booster stacked on MLP) —working with tiger team on
loads and negative margins; FT S exceedances :(pursuing delta gual testing for
battery and CRD); Numerous potential waivers and exceedances on hardware not
approved: TVC exceedances: 1553 bus coupler; recessed pin on connectors: no
venflmllﬂnsappmvé«'i 15 submitted for XCB approval); First Stage EAR sllppmg

Upper Stage

Waivers have been approved; Options for addressing negative margins are still

Simulator being assessed (negative margins on secondary structures — ECS duct,
platforms, protuberances) — update per 7/24 ERB
Crew CM/LAS mounted sensor f: di

Module/Launch
Abort System

receipt of avionics IPT analyses — Check with Andrew Panetta or Troy
Mann on this

Ground Systems

Adding dynamic testing of VSS; Concern is drift analysis effects on
FSSif liftoff placards changed.

oC|l@e|C| @ 0@

O IR NN NN AN

Ground
Operations

DFlconfiguration 3 channelization testunderway; WAD approval holding
up work

All inputs eventually feed into the
CE CoFTR Endorsement
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ﬂ Identifying, Communicating, and Managing Ares I-X Risks @

¢ A key TA objective was to make sure that risks were Hazard Analyses risk roll-up
being SVStematica"y identified, characterized and Ares I-X Hazard Cause Distribution
mitigated...and that decisions were “risk informed” e

NEGLIGIBLE MINOR CATASTROPHIC

¢ Risk assessment activities included:
e Fault Tree-driven Hazard Analyses
e Use of “Cx IRMA” Continuous Risk Management tool
e Risk assessments of all waivers

VERY HIGH

MODERATE

¢ Risk discussions were often “spirited” and they
forced participants to discuss the potential
consequences and technically justify likelihood

oo T F M- &

VERY LOW

characterizations
e Biggest RM challenge - use of CxIRMA system Cx IRMA Example
e (Too) often disagreement on how to capture and Tk T P s ; :1 Owning WBS Eement
characterize CxIRMA risks — discussed in next chart Comerl ! o o ]|
Phase(s): 10
‘ TA community deSires for additional data to gli\uﬁ:?(:r::ﬂ":;(ﬁmﬁage]mms properies and given enviconments: there is a passibilly that the FS may re.enter nose-first resulting

inlerss of the FS and Data recorder

characterize risk levels forced certain activities that |& . oo o e o s s e e

iy oo, i s prediced
el the nose cap andfor theusbers will fal due to excessive loading. Heritage nose cap & thiuster hardware wars sefecled for the Ares X0

. recovery sysiem to facilitate the schedule and il was assumed Shuttle re-entry l0ads | environments would envelope Ares I-X conafions.
not a" pa rtles thought necessa ry- Examples m;mn:;y;gg?gemg;mm%ﬂm;* ascent rajectories, free Siream aero, and wake Interference aero. The 105s would
° Likelihood: 4 Safe: 4 Parf: 4 Sched: 0 Cost: 0
included:

Status:

e First Stage motor age life — (e.g., witness panel testing) | i i W
e RoCS Pyro Valves — (e.g., pyro age life testing)
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“Notional” Risk Trade Space

CONSTELLATION

¢ Risks and their mitigations often have Technical/Safety
schedule, cost, and technical/safety
components.
e Risk statements and risk characterizations
should accommodate these potential
outcomes.

¢ Too often, Ares I-X CxIRMA risk
statements stated or suggested that they
only potential consequences were

schedule or cost growth.

e Justified by statements such as “if in the
end its not “safe”, we won’t fly it”

e Actions to mitigate schedule risks, can
increase cost risk and/or technical risk
postures - these potential implications
need to be captured Schedule

c
w0
o
L0
s
Q
c

Cost

Writing risks statements and identifying and characterizing the various risk sub-
components is not a simple task...but is essential to “good” risk management

18



1.

2.

3.

Thrust Vector Control (TVC) “Hot-fire” Test at the Pad
— Issue resolved within Ares I-X Team

Post-installation testing of avionics harnesses

— Issue elevated to Constellation Program’s Control
Board (CxCB)

First Stage IPT’s application of Aluminum Tape to
avionic harnesses

Dissenting opinion that was discussed at Ares I-X and

CxP levels and eventually elevated up to the Agency’s
Flight Test Readiness Control Board (FTRRB)

WA ]
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Example 1
Thrust Vector Control (TVC) Hot-fire Test at the Pad

¢ Ares I-X used “heritage” systems to facilitate an expedited deployment
e A Space Shuttle Reusable Solid Rocket Motor and its associated Thrust Vector Control system
used for First Stage
e Atlas V avionics and modified Atlas V software used for vehicle control
e The ability of the Atlas V-based avionics system to seamlessly control the SSP based TVC system
was critical
e Ares |I-X would be the first launch of such a hybrid vehicle

¢ The TVC system would be hot-fire tested prior to delivery to the VAB
e SSP test support equipment to control this test

¢ The Avionics system would be subjected to end-to-end testing in the VAB
e TVC Hot-fire testing could not be performed inside the VAB for safety reasons

¢ Only opportunity to perform an integrated test would be at the launch Pad
e Ares I-X MMO had goal to demonstrate ability to fly with minimal Pad stay time and thought that
subsystem tests were sufficient

¢ TA’s strongly recommended a hot-fire test at the Pad to increase confidence that an
Atlas-based avionics system was properly integrated Space Shuttle Thrust Vector

System
e TA recommendation was eventually adopted by the Mission Manager

20



Example 2
Post-Installation testing of installed harness

¢ Ares I-X accelerated development schedule hinged on
the use of “existing or heritage” hardware and

processes

e Avionics IPT contracted with Jacobs / Lockheed Martin (LM)
— Embedded in the contract was plan to use existing Atlas based
h/w and processes

e First Stage contractor was Space Shuttle RSRB contractor

team of ATK and USA

— Embedded in the contract was plan to use existing SSP based
h/w and processes

e LM'’s Atlas workmanship Standards did not require DWV (Hi-

Pot) testing of harnesses following installation
— Atlas had eliminated post-installation years ago due to low
perceived risk based on their process controls and experience

e SSP RSRB was required to meet NASA Workmanship
Standards which required DWV testing following installation

¢ This disconnect between these two Standards was not
realized until relatively late in the Ares I-X flow

21



Example 2 (Cont’d)
Post-Installation testing of installed harness

¢ Issue was first realized during First Stage IPT’s installation of Avionics IPT

supplied harness.
e The disconnect between governing workmanship standards, delays in harness
deliveries and MMO’s strong desire to prevent schedule growth led to a series of
debates associated with this issue.

¢ Following identification of the post-installation testing disconnect, the
MMO created a Tiger Team to assess the situation and provide a go-forward

plan.

e On Thursday, March 5, the Tiger Team recommended performing the full suite of
DWYV testing on a subset of FS Aft Skirt harnesses, those with the most-complex
runs.

e The Mission Manager accepted the Tiger Team’s recommendation and issued a
directive to implement it.

e The TA’s disagreed with this direction and elevated this issue to the Constellation
Control Board (CxCB).

e On Thursday, March 19, the CxCB reversed the XCB decision, directing the post-
installation testing of the contested cables.
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Example 2 (Cont’d)
Post-Installation testing of installed harness

¢ The issue did not end with the March 19t CxCB decision.
e Further problems and delays in getting the test equipment operating properly and
completing installations and testing.

¢ The Mission Manager decided to re-visit the situation.
¢ In summary, the Mission Manager was convinced that the more complex vehicle
installation runs had been completed and future post-installation testing would be low
value.

¢ On April 15, the CxCB heard presentations from the Mission Manager and the
Ares I-X Chief Engineer on the benefits and risks associated with testing the

remaining harnesses.

e After discussion, the Program Manager concurred with the Mission Manager’s decision
to cancel any remaining testing. He was satisfied that the highest risk areas had been
tested, and acknowledged that there was some increase in risk and that he was willing to
accept this additional risk.

¢ The Technical Authorities were satisfied the residual risks had been accurately
portrayed and formally accepted the Program Manager’s decision.
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Example 3 — First Stage IPT application of
Aluminum Tape on Avionics IPT’s harnesses @

¢ First Stage (FS) IPT application of Aluminum Tape on Avionics

IPT’s harnesses

¢ During installation of Avionics IPT harness, the First Stage IPT's
contractor wrapped the harnesses with Aluminum Tape for R§s
protection, a practice that was consistent with its heritage
Space Shuttle RSRB process.

e Lockheed-Martin (LM), Avionics IPT contractor, expressed
electrostatic discharge (ESD’s) concern with the resultant
configuration.

¢ Issue was studied and debated within Ares I-X
e MSFC Engineering and Aerospace assessments were performed and
presented to the Ares I-X Control Board (XCB). Both assessments
concluded that any risk associated with the tape was low.
e The MMO and TA’s agreed that while the use of Aluminum tape was
unfortunate, the resultant risk was acceptable and outweighed the
potential collateral damage risk associated with removing tape.

e Lockheed Martin disagreed with the XCB decisions
— LM’s dissenting opinion was respectfully elevated up all the way the
Agency Flight Test Readiness Review (FTRR).

e FTRR Board agreed that resultant risk was acceptable for flight.
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CONSTELLATION

¢ Establish processes that promote information flow within and across communities

¢ Eliminate or minimize barriers that can inhibit information flow (e.g., “Center-centric”

or “Levels” mentalities)
e We're all on the “NASA team” and all want the same thing (mission success)

¢ Establish and implement processes to systematically identify, mitigate and

characterize risk
e Decisions need to be “risk informed”
e Understand that cost/schedule risks mitigations likely have technical/safety implications...make
sure that all components of risk are identified and characterized

¢ Create a working environment that fosters candid, open exchanges of information,

ideas, and different perspectives
e No one knows it all, but collectively we know a lot
e Respect and welcome different opinions and perspectives
e Provide avenues for dissenting opinions to appeal to higher authorities

¢ Provide a mechanism for both “Programmatic Authority” and “Technical Authority”
assessments and recommendations to be formally, periodically presented within a
given team as well as to external customers and stakeholders at milestones
throughout the life cycle

25






Organization as defined by the Flight Test Plan
and Implemented by the Mission Team

Safety&.MlSSlOn AN EEEEEEEEEEEER Ares I-X MiSSion EEEEEEEEEEEEEENER ChiefEnglneerS
Assurance ( S& MA) Management Office (MMO ) T

Dan Mullane Chief Engineer
: i Bob Ess J
Chief S&MA Officer Mission Manager Shaun Green
Jeff Hamilton Ground CE
Deputy Jon Cowart / KSC Steve Davis / MSFC
_ . Deputy Deputy Dawn Stqnley
Angie Wise Deputy Vehicle CE
Deputy

‘ Systems Engineering
Project Integration (PI) & Integration (SE&I)

Bruce Askins / MSFC
Manager

Integrated Product Teams (IPTs)

Ground CM/LAS

Operations (GO) Simulator

Tassos Abadiotakis / KSC Chris Calfee / MSFC Kevin Flynn / MSFC Jonathan Cruz / LaRC

Ground Upper Stage Roll Control
Systems (GS) Simulator (USS) System (RoCS)

Mike Stelzer / KSC Vince Bilardo / GRC Ron Unger / MSFC
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Ares I-X S&MA Technical Authority

Integrated Product Teams (IPTs)

Ares |-X

Safety and Mission Assurance (S&MA)

Dan Mullane
Jeff Hamilton
Angie Wise

Systems Engineering
& Integration (SE&I)
LaRC S&MA
Dave Helfrich

Ground

Operations (GO)

KSC S&MA
Barry Braden
JJ Joyner

First Stage (FS)

MSFC S&MA
Randall Tucker
John Crisler

Avionics

MSFC S&MA
Andy Gamble
Jennifer Spurgeon

Ground
Systems (GS)

KSC S&MA
Barry Braden
Eduardo Jezierski

(Uss)

GRC S&MA
Jeff Rusick

Upper Stage Simulator

CM/LAS Simulator

LaRC S&MA
Duane Pettit
Frank Williams

Roll Control System

(RoCS)

MSFC S&MA

Jennifer Spurgeon




@ Ares I-X Engineering Technical Authority @

Chief Engineers
Joe Brunty/FTV and Mission - MSFC I Dawn Stanley/Deputy CE FTV - MSFC

Shaun Green/Ground - KSC :
Teresa Kinney/ Deputy CE Ground - KSC

System Engineering
And Integration

SE&I - LaRC

Integrated Product Teams (IPTs)

Ground
Avionics
-MSFC

CM/LAS
Simulator - LaRC

Operations First Stage
(GO) - KSC - MSFC

LE — Shaun Green LE — Mike Phipps

LE — Martin Johnson

LE — Stuart Cooke

Upper Stage
Simulator
(USS) - GRC

Roll Control
Systems System
(GS) - KSC (RoCS) - MSFC

LE — Shaun Green LE —Ada Narvaez-Legeza ‘ LE — Patton Downey

Ground
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