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1 SCOPE

This Contractor End Item Specification documentrdsf and describes the design, performance and
verification requirements for the ARES | Upper &d&pvelopment Flight Instrumentation (DFI) Data
Acquisition System (DAS).

1.1 Classfication

1.2.1 Flight Unit
A Flight Unit (FU) is equipment that must conformthis procurement specification to the fullest
extent.

[Rationale: The Flight Units shall meet all accegttesting requirements and be able to process all
discrete signals and sensor requirements listédlate 3.]

1.2.2 Qualification Unit
A Qualification Unit (QU) is a Flight Unit desigreat for qualification testing purposes and will bet
used as a flight unit due to overstressing of campts.

1.2.3 Engineering Development Unit
An Engineering Development Unit (EDU) conforms e form, fit, and function of an FU, but does
not necessarily meet the natural and induced emviemtal requirements of the FU.

[Rationale: Since NASA will just be using the DAtds development testing and evaluation, the EDUs
shall be able to acquire data from approximahaly of the discretes and sensor count for each type of
sensor listed in Table 3. It is expected thatwhiidead to an arrangement of at least two DALt t
shall be connected to one another in order to leetaltommunicate.]

1.2.4 Wording Convention
The conventions used in this document, which indeaequirements, goals, statements of
facts, rationale, and notes are as follows:

1) Shall: Used to indicate a binding requiremenictvimust be implemented and its implementation
verified, unless otherwise specified herein.

2) Should: Used to indicate a non-binding goal Wwimwst be addressed by the design but is not
formally verified.

3) Will: Used to indicate a non-binding statemehtagt and is not verified.

4) Rationale: Rationales are included for manyiregnents. The rationales are intended to
provide clarification, justification, purpose, aadsource of the requirement. It is important to
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note that the rationales are not binding and ordyige supporting information. In the event
there is an inconsistency between the requirenrehttze rationale, only the requirements will
be binding and take precedence.

5) Note: Notes are included for many requiremeidstes explain the allocation of how the
requirement was met by enforcing specific requinrgvalues from separate, but interacting
components. Notes do not contain binding lang@ageonly provide supporting information.
In the event there is an inconsistency betweemnafeirement and the note, only the
requirement will be binding and take precedence.

2 APPLICABLE DOCUMENTS

21 Genea

The following documents of the issue in effect ba tlate of invitation of bids or request for proglos
form a part of this document to the extent contiinerein.

The documents listed in this section are spedifi€giections 3 or 4 of the specification. This s&tti
does not include documents cited in other sectidmisis standard or recommended for additional
information or as examples. While every effort hasn made to ensure the completeness of this list,
document users are cautioned that they must mesgtealified requirements of documents cited in
Sections 3 or 4 of the standard, whether or not déne listed.

2.2 Applicable Government Documents

The specifications, standards, and handbooks ifeTlatfmrm a part of this document to the extent
specified herein.

Document Title Document Number Revision

Constellation Program Design Specification For IKatu CxP 70023
Environments

Human-Systems Integration Requirements (HSIR) Q27
Constellation Program environmental Qualificatiorda CxP 70036
Acceptance Testing requirements (CEQATR)

Constellation Program Electrical Power System CxP 70050-02

Specification, Volume 2: Electrical Power Quality
Performance for 28 Vdc

Constellation Program (CxP) Integrated Safety, dddlity, CxP 70059
and Quality Assurance (SR&QA) Requirements

CONSTELLATION PROGRAM STRUCTURAL DESIGN | CxP 70135
AND VERIFICATION REQUIREMENTS

Constellation Program Contamination Control Requeets| CxP 70145
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ARES | Electromagnetic Environmental Effects (E3) CxP 72043
Requirements Document

CLV (Crew Launch Vehicle) Requirements for the @oht | CxP 72047

of Electromagnetic Interference Requirements ofsgstems

and Equipment

EEE Parts Management and Control Plan CxP 72053
Ares | Vibroacoustic and Shock Environments Datakbo | CxP 72169

Design Requirements for Rigid Printed Circuit Baasshd
Assemblies

MFSC-STD-3425

Department of Defense Standard Practice Identifinat MIL-STD-130 December 17, 2007
Marking of U.S. Military Property

Standard Practice for Military Packaging MIL-STD730

MSFC Fastener Management & Control Practices MSFD-3594C

MSFC Tailoring Guide For NASA-STD-8739.4, Crimping
Interconnecting Cables, Harness, And Wiring

, MSFC-STD-2905

EEE Parts Management and Control for MSFC Spaght
Hardware

i MSFC-STD-3012

Selection of Wires and Circuit Protective Devioes3TS
Orbiter Vehicle Payload Electrical Circuits

NASA Technical

Memorandum 102179

Standard Materials and Processes Requirements for
Spacecraft

NASA-STD-(1)-6016

Man-Systems Integration Standards

NASA-STD-3000

Electrical Bonding for NASA Launch Vehicles, Spaedt
Payloads, and Flight Equipment

NASA-STD-4003

Loads analysis of spacecraft and payloads

NASA-5002

Fracture Control Requirements for Spaceflight Hanchw

NASA-STD-5019

CRIMPING, INTERCONNECTING CABLES,
HARNESSES, AND WIRING

NASA-STD-8739.4

Requirements for Packaging, Handling, and Tranagiort
for Aeronautical and Space Systems, Equipment, and
Associated Components

NPR 6000.1G

Ares | Upper StagElectrical Ground Support Equipment
(EGSE) Requirements Document

USO-CLV-DE-25135

ARES | UPPER STAGE AVIONICS & SOFTWARE
SUBSYSTEM SPECIFICATION

USO-CLV-DE-25107

Human Factors Engineering Design Criteria

USO-CLV-LS-25404

Table 1 Applicable Government Documents
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2.3 Non-Government Publications

The publications in Table 2 form a part of this dment to the extent specified herein.
Document Title Document Number Revision

ESD Association Standard for the Development of an | ANSI/ESD S20.20-1999
Electrostatic Discharge Control Program for Pratecof
Electrical and Electronic Parts, Assemblies andifgaent
(excluding Electrically Initiated Explosive Deviges

Engineering Drawing Practices ASME Y14.100
Types and Applications of Engineering Drawings ASVH.24
Associated Lists ASME Y14.34
Revision of Engineering Drawings and Associated ASME Y14.35M-1997
Documents

Generic Performance Specification for Printed Beard IPC-6011

Telemetry Standards IRIG 106

Inter Range Instrumentation Group IRIG-B
Requirements for Soldered Electrical and Electronic IPC J-STD-001D
Assemblies

Space Applications Electronic Hardware Addendurd-to | IPC J-STD-001DS
STD-001D Requirements for Soldered Electrical and
Electronic Assemblies

Table 2 Non-Government Publications

2.4 Order of Precedence

In the event of a conflict between the text of thikument and the references cited herein, theofext
this document takes precedence. Nothing in thisicheat, however, supersedes applicable laws and
regulations unless a specific exemption has betairzsal.
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3 DFI DATAACQUISITION SYSTEM (DFI DAS) REQUIREMENTS

3.1 DFI DAS Description

The Development Flight Instrumentation (DFI) Dategéisition System (DAS) is part of the Ares |
Upper Stage (US) Development Flight InstrumentaBgstem (DFIS). The purpose of the
Developmental Flight Instrumentation System (DR$Sp collect, and telemeter non-critical data that
will verify engineering models of the CLV Upper §eadesign.

The DFI DAS is a distributed system. Componenthefdistributed system that make up the DAS for
this procurement specification are a Master Dataudsition Unit (MDAU), two Remote DAUS

(RDAU) and a portable workstation. The portablekstation will interface with the DAUSs for
programming, testing and real-time evaluation oMPdata and video images. Video images will be
generated by two cameras. Both cameras will tadeowof Liquid Hydrogen (LH2) slosh activity. The
DFI DAS will be powered by the DFI Power Distribari Unit (PDU). Figure 2 shows the DFIS
Architecture.

The MDAU and RDAUSs will be mounted on the US Instent Unit (IU) and on the US Aft Skirt.
Figure 1 shows the US Sections that will house DS components. The J-2X engine program will
have an additional RDAU that will mount on the egand will interface with the DFI DAS units. The
J-2X Engine RDAU is not part of this procuremergafication.

The MDAU and RDAUs will receive sensor data frora theasurements identified in Table 3, and
generate Pulse Code Modulation (PCM) stream dake MDAU will output PCM data to the
telemetry system for downlink during the entire Dfission, approximately 10 minutes. The MDAU
will also output PCM data to a First Stage DFI releo for storage during the FS burn, until FS
separation, for approximately the initial 2 minutéglight. During the FS burn, until First Stage
separation, the MDAU will also receive PCM datanira First Stage Data Acquisition Unit and then
send that data to the telemetry system for downlink

The MDAU and RDAUs are considered to be Line Regdfte Units (LRUs). Each LRU is
replaceable at any processing facility used byAttes | vehicle.
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Interstage

s EEETEr T

Figure1l Upper Stage Sections
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Figure2 DFI Architecture

3.2 DFI DAS Characteristics
3.2.1 DataAcquisition
3.2.1.1 Initialization to Known PCM Frame Format

Upon power application, the DFI DAS shall initigizo a selected PCM frame format configuration that
will be identified at a later date, based on thalfmeasurement list.

[Note: The PCM frame format configuration is nobkm at this time and will not be specified untiéth
final measurement list for Table 3 is determined.]

3.2.1.2 Power Application Data Output

The DFI DAS shall begin outputting data from theuhchannels within 3 seconds of power
application.
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3.2.1.3 Power Interruption Data Output
The DFI DAS shall begin outputting data from theuhchannels within 3 seconds of a power
interruption.

3.2.1.4 Sensor Data Acquisition
The DFI DAS shall acquire data from DFI sensotgdign Table 3 — Measurement Input Channels
with characteristics defined in paragraph 3.22put Channels.

3.2.1.5 PCM Data Acquisition
The DFI DAS shall receive external source PCM datafigured per IRIG 106, NRZ Class Il
Telemetry Standards.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Class Il includes bit sageeater than 10 Mbps, format changes, and otbez m
complex characteristics than Class I. IRIG 10&vailable atttp://www.irig106.0org/docs/106-0%/

3.2.1.6 PCM Frame Generation
The DFI DAS shall generate PCM frame format streefaer IRIG 106, NRZ, Class Il Telemetry
Standards from all acquired data without any nohaaga loss.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Class Il includes bit sageeater than 10 Mbps, format changes, and otbez m
complex characteristics than Class I. IRIG 10&vailable atttp://www.irig106.0org/docs/106-0%/

3.2.1.7 User Programmable
The DFI DAS configuration, with respect to chanseinpling and scheduling, shall be contained in non-
volatile memory accessible and programmable byiHee.

3.2.1.8 Sampling and Formatting
The DFI DAS shall control the sampling, gains, etffdiltering, formatting and sub-formatting.

3.2.1.9 Number of Data Formats
The DFI DAS shall have a minimum of 8 different P@&ime formats.

3.2.1.10 Format Change via Discrete Signal

The DFI DAS shall be able to change PCM formatsasdate change in a minimum of three discrete
signals as defined in section 3.2.6.4 5V Discrdtar@cteristics and 3.2.6.5 28V Discrete
Characteristics .
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3.2.1.11 DAS Interface Requirements
3.2.1.11.1MDAU to Telemetry System Interface
The DFI DAS shall use a RS-422 data interfacedndmit PCM data to the DFI Telemetry system.

3.2.1.11.1.1 MDAU to Telemetry System Bit Rate
The DFI DAS shall be capable of providing a maximitirate of 20Mbps at a distance of 40 feet.

[Rationale: A distance of 40 feet is the estimatedst-case calculated distance from the DFI DAS
MDAU to the DFI DAS Telemetry System unit located the US [U.]

3.2.1.11.1.2 MDAU to Telemetry System Impedance
The DFI DAS shall be capable of interfacing witbadle impedance of 100 ohms, + 10%.

3.2.1.11.2MDAU to First Stage DFI System Interface
The DFI DAS shall use four (4) RS-422 data integfato transmit PCM data to the First Stage DFI
System.

3.2.1.11.2.1 MDAU to First Stage DFI System Bit Rate
The DFI DAS shall be capable of providing a totabkamum bit rate of 20Mbps at a distance of 175
feet.

[Rationale: A distance of 175 feet is the estidat@rst-case calculated distance from the DFI DAS
MDAU to the First Stage recorder unit located om B% Forward Skirt.]

3.2.1.11.2.2 MDAU to First Stage DFI System Impedance
The DFI DAS shall be capable of providing an impesdaof 100 ohms, + 10%.

3.2.1.11.3First Stage DFI System to MDAU Interface
The DFI DAS shall use a RS-422 data interface tejictransmitted PCM data from the First
Stage DFI System.

3.2.1.11.3.1 First Stage DFI System to MDAU Bit Rate
The DFI DAS shall be capable of receiving a maxiniitmate of 6Mbps at a distance of 175 feet.

[Rationale: A distance of 175 feet is the estidat®rst-case calculated distance from the DFI DAS
MDAU to the First Stage DFIM unit located on the F&ward Skirt.]

3.2.1.11.3.2 First Stage DFI System to MDAU Impedance
The DFI DAS shall be capable of providing an impesgaof 100 ohms, + 10%.
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3.21.11.4MDAU with RDAU Interface
The DFI DAS data interfaces between the MDAU andRB shall be defined by the vendor.

3.2.1.11.4.1MDAU with RDAU Interface Distance
The DFI DAS data interfaces between the MDAU andARB shall transmit PCM data at a
maximum distance of 155 feet.

[Rationale: A distance of 155 feet is the estidat®rst-case calculated distance from the DFI DAS
MDAU to a unit located the farthest distance (warase) which is the RDAU located on the J-2X
Engine. Data rate maximum may be 5Mbps betweem RBAU and the MDAU. ]

3.2.1.11.5Workstation Interface
The workstation shall be capable of interfacinghwite DFI DAS during ground operations
programming, testing and real-time evaluation oMPdata.

[Note: The workstation interface may be determibgdhe vendor.]

3.2.1.11.6 EGSE Interface
All DFI DAS EGSE interfaces shall meet the requiees described in section 3.6, Interfaces, of USO-
CLV-DE-25135, The Upper Stage (US) EGSE Subsysteagiirements Document.

3.2.1.11.7Test and Programming
The DFI DAS shall provide a minimum of one port fme as a test and programming port.

3.2.2 Input Channels
The DFI DAS shall have unique input channels fer treasurements list identified in Table 3,
Measurement Input Channels.

3.2.2.1 Input Channel Characteristics
The DFI DAS input channels shall support the typesntities and data rates of all measuremengsllist
in Table 3, Measurement Input Channels, of thisicec

3.2.2.1.1 Sample Rates
The DFI DAS shall be capable of sampling all sessithe rates identified in Table 3, Measurement
Input Channels.

3.2.2.1.2 A/D Resolution
The DFI DAS shall provide A/D conversion to a resmon identified in Table 3, Measurement Input
Channels.

3.2.2.1.3 Output/Sample
The DFI DAS shall be able to output/sample per &&hlMeasurement Input Channels.
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3.2.2.1.4 Excitation
The DFI DAS shall provide for current or voltageciation, as identified in Table 3, Measurement
Input Channels.

3.2.2.1.5 Signal Conditioning
The DFI DAS shall provide signal conditioning asntified in Table 3, Measurement Input Channels.

3.2.2.1.6 Accuracy
The DFI DAS shall have accuracy as identified ibl&e, Measurement Input Channels.

3.2.2.1.7 Charge Amplifier
The DFI DAS shall provide a Charge Amplifier capiibas identified in Table 3, Measurement Input
Channels.

3.2.2.1.8 Programmable Filter
The DFI DAS shall provide programmable filters @dentified in Table 3, Measurement Input Channels.

3.2.2.1.9 Programmable Gains
The DFI DAS shall provide for programmable gainfhwarogrammable offset for each channel as
identified in Table 3, Measurement Input Channels.

3.2.2.1.10 Reference Junction Compensation

The DFI DAS shall provide for Reference Junctiom{pensation as identified in Table 3, Measurement
Input Channels.
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Sensor / Numther of Sampling . o Signal .
Measuremext Type| Measurements Rate Resolution |OQuiput/ Sample| Excitation Condifioning Accuracy Filier Other
Programrmable Gains,
Thermocouple : +-0.8 % fill 10,001 ta 0.5Y
(Type=JKET 176 011010 112 and 16 bit soale Reference Junction
iompensation
1 { -
Pressure 256 101010k |12 and 16 bit |simultaneoys | "o v to [ mdfull bidge )\ #-0.8% Al fprogammable
0V completion soale 5 nnle
Strain Ga O e dfoll ridge [+ 0.8 % fll [programmable
o 12 10t0 250 |12 and 16 bit |simultaneous | aurest o . i
(50 triaxial) cotnpletion seale 5 pole
voltage
Calorimeter / - +H-0.8 % fidl
— 72 &0 12 and 16 bit s
viltage wp to
A/D (Current) 11 02101 |12 and 16 bit 0¥, cugrent
to 15 mé
AID (Voltage) p: 02101 |12 and 16 b Eh Al
viltage wp to
Frequency ; 1 12 and 16 bi 55V, quret s
a1 mé e
cotstart
1, 1 _ 0
Accelero meter 6 100 to5k |12 and 16 bit |simultaneous voltage md 134 mdﬁ.‘“ bridge [+ 0.8% Rl programmable Charge Amplifier
cotistart cottpletion scale 5 pole
cuttert
cotstart o .
Microphones 2 IktoSk [12 and 16 bit |simultancous |mumenpor | OLod bridge 1408 % All lprogrammable
cotnpletion seale 5 pole
viltage
3 rms AC
Position 4 250 |12 and 16 bit Excitation s
Saurce seee
Yideo i MiA |12 and 16 bit
+25 pprvt
Haz Gas 12 10 12 and 16 bit v 10 % of
reading
[Total g7
O Bit Discretes 1 1 1 bt
Two Bit Discretes 1] 1 2 bt Last update
|Discretes 0 1 March 21, 20
Total Number of 784
Measur ements:
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3.2.2.1.11 Video
3.2.2.1.11.1 Video Format
The DFI DAS shall interface video image data vigEs{(Pro-E-Vision) or Camera Link or IEEE1394.

3.2.2.1.11.2 Video Resolution
The DFI DAS shall receive video with a resolutidrableast 640 x 480 pixels.

3.2.2.1.11.3 Video Frame Rate
The DFI DAS shall receive video with progressivarsat up to 60 frames/second and as low as 5
frames/sec.

3.2.2.1.11.4 Video Image Compression
The DFI DAS shall have an average image compresatomof approximately 20:1 to 30:1.

[Rationale: An image compression ratio of approxetya20:1 to 30:1 may be needed to fit within
system bandwidth allocations.]

3.23 Time

3.2.3.1 Recelving Time

The DFI DAS shall be able to receive time per IBBGme signal from an external source to set its
internal clock.

3.2.3.2 Internal Clock
The DFI DAS shall have an internal time circuitatow continuous time stamp of data per IRIG-106-
05, Telemetry Standards.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Chapter 4, Section 4.Culess the formatting of time words within a PCM
stream. This standard allows for 1 microsecondlugien. IRIG 106 is available at
http://www.irig106.org/docs/106-0%/

3.2.3.3 Time Stamp of Data
The DFI DAS shall time stamp each major frame p86GH106 format.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Chapter 4, Section 4.¢uless the formatting of time words within a PCM
stream. This standard allows for 1 microsecondlugien. IRIG 106 is available at
http://www.irig106.org/docs/106-0%/
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3.2.3.4 Time Stamp Accuracy
The DFI DAS shall time stamp each major frame \aithaccuracy of a minimum of 1 milisecond of the
IRIG B input time signal.

3.2.3.5 Time Stamp Precision
The DFI DAS shall time stamp each major frame \pitbcision per IRIG-106 format.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Section 4.7 describeddahmatting of time words within a PCM stream. This
standard allows for 1 microsecond resolution. IR[® is available at
http://www.irig106.org/docs/106-05f

3.24 Workstation Characteristics
3.2.4.1 Workstation Computer
The DFI DAS Workstation shall use a Windows basadmuter.

3.2.4.2 Data Channel Configuration
The DFI DAS Workstation shall be capable of configg every data channel.

3.2.4.3 Configurable Channel Sampling Rates
The DFI DAS Workstation shall be capable of configg independent sampling rates for each data
channel.

3.2.4.4 Configurable Channel Gain
The DFI DAS Workstation shall be capable of configg the gain for each data channel.

3.2.4.5 Configurable Channel Offset
The DFI DAS Workstation shall be capable of configg the offset for each data channel.

3.2.4.6 Configurable Channel Calibration
The DFI DAS Workstation shall be capable of configg calibration information for each data channel.

3.2.4.7 Configurable Channel Range
The DFI DAS Workstation shall be capable of configgt A/D range for each data channel.

3.2.4.8 Recelving Channel Data
The DFI DAS Workstation shall be capable of recgj\sensor data from every data channel.

3.2.49 Display Datain Counts Format
The DFI DAS Workstation shall display data in caufdrmat.
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3.2.4.10 Display Data in Units Format
The DFI DAS Workstation shall display data in ereginng unit’s format.

3.2.4.11 Display Data in Strip Chart Format
The DFI DAS Workstation shall display data in silpart format.

3.2.4.12 Display Data with Alarms
The DFI DAS Workstation shall display data withreda to be uniquely configurable for each data
channel and capable of generating alarms for otaraje data.

3.2.4.13 Portability
The DFI DAS Workstation shall be portable like ptp or a portable desktop computer.

3.2.4.14 Display Parameters
The Workstation shall provide display of all DFI BAvarameters during ground operations
programming and testing.

3.2.4.15 Built In Test (BIT)
The DFI DAS Workstation shall be capable of perfiogra Built In Test (BIT) to indicate system
health.

[Rationale: BIT must indicate system power on adUzonfiguration integrity.

3.2.4.16 Rdiability
The DFI DAS shall have a Mean Time To Failure (M} BFat least 20,000 hours.

3.2.4.16.1Reliability Data

The DFI DAS vendor shall supply sufficient datastgport the reliability assessment in accordance
with section 3.1.6, Commercial of the Shelf Hardsy&oftware, of CxP 70059 Constellation
Program (CxP) Integrated Safety, Reliability, angaly Assurance (SR&QA) Requirements.

3.2.4.17 Failure Propagation
The DFI DAS shall not cause damage to or failufasterfacing elements due to transient out-of-
tolerance conditions or a failure.

3.2.4.18 Flight Operation Life

The DFI DAS shall meet flight operational perforroaror a flight time of 10 minutes per the
requirements of section 3.2, DFI DAS Charactesstic

3.2.4.19 Calibration
The DFI DAS shall provide for calibration.
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3.25 Environmental Conditions

3.25.1 Natural Environments

The DFI DAS shall meet all functional and performamequirements within the range of environmental
conditions specified in CxP 70023 ConstellationgPam Design Specification For Natural
Environments, Sections 3.1, 3.2.

3.2.5.2 Induced Environments

3.2.5.2.1 Transportation (packaged)
The DFI DAS shall meet the operating performancgirements contained herein after exposure to
transportation conditions when packaged in accaelanth the Requirements for Packaging, Handling,
and Transportation for Aeronautical and Space 8st&quipment, and Associated Components,
NPR.6000.1G. The worst-case values of the follgvaarameters will determine the vendor’s shipping
method. These values will determine qualificatiest values of section 3.2.5.3, Qualification Test
Requirements.

3.2.5.2.2 Non-Operating Environment
3.2.5.2.2.1 Storage
The DFI DAS shall be stored in a controlled envinemt.

3.25.2.2.1.1 Storage Time
The DFI DAS shall meet the operating performancgiirements contained herein after being in storage
for a period of 5 years.

3.2.5.2.2.2 Non-Operating Temperature
The DFI DAS shall be stored within a temperaturgeaof -65°F (-54°C) to 126°F (52°C)

[Rationale: The non-operating temperature and hityrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

3.2.5.2.2.3 Non-Operating Humidity
The DFI DAS shall be stored with a humidity notetaceed 90% RH.

[Rationale: The non-operating temperature and htyrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

3.2.5.2.3 Operating Environment

The DFI DAS will be used during ground operatioasiell as flight. Sections 3.2.5.2.3.1 through
3.2.5.2.3.6 cover the worst case operational gr@amadflight conditions.
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3.2.5.2.3.1 Operating Temperature
The DFI DAS shall meet all performance requiremeifitsr exposure to temperatures in the range of
0°F (-18°C) to 150°F (66°C).

3.2.5.2.3.2 Operating Humidity
The DFI DAS shall meet all performance requiremerfitsr exposure to a humidity level up to 90%
RH.

3.2.5.2.3.3Random Vibration and Shock
The DFI DAS shall satisfy all flight performancejterements after exposure to vibration and shock
environments as defined in Upper Stage sectioms €zP 72169, Ares | Vibroacoustic and Shock
Environments Data book. Section 3.1.2, Randoma¥iin; Section 3.2.2, Shock Environments;
Section 3.3.2, Internal Acoustic Environments.

3.2.5.2.3.4 Pressure Change
The DFI DAS shall be able to operate when exposedpressure change from 760 Torr/1 atm (Sea
Level) to 10° Torr (near vacuum).

3.2.5.2.3.5Pressure Rate of Change
The DFI DAS shall be able to operate when exposedpressure rate change starting at a pressure of
14 psi and decreasing in 26 seconds to 1 psi.

3.2.5.2.3.6 Loads Analysis
The DFI DAS shall comply with the requirements ASA-STD-5002 for loads analysis of spacecraft
and payloads.

3.2.5.3 Qualification Test Requirements

The DFI DAS shall successfully comply with quasiion test requirements per section 4.0 of the
Constellation Program environmental Qualificatiowl #cceptance Testing requirements (CEQATR),
CxP 70036.

[Rationale: Proof pressure, leak test are not reduas the DFI DAS is not sealed or a pressureeless
with specified leak rate. Acoustic vibration, thied gradient, plasma/arcing testing are not redume
electrical or Electronic Equipment per Table 4-LaP 70036. Corona/arcing testing is not required
voltages are below 150V per 4.15 of CxP 70036.}ygeér compatibility qualification is normally
conducted by analysis per the requirements docwdentNASA-STD-(1)-6016, per 4.18.1 of CxP
70036.]
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3.2.5.4 Acceptance Test Requirements

The DFI DAS units submitted for acceptance testinder the contract shall successfully comply with
acceptance test requirements per the ConstellRtiogram environmental Qualification and Acceptance
Testing requirements (CEQATR), CxP 70036.

[Rationale: Proof pressure, leak test are not reduas the DFI DAS is not sealed or a pressureeless
with specified leak rate. Acoustic vibration, thiad gradient, plasma/arcing testing are not redume
electrical or Electronic Equipment per Table 4-FaP 70036. Flight (acceptance) units are not
subjected to life testing, climatic testing, accafi®n testing, or sinusoidal testing per 4.11344.14,
and 4.15, respectively, of CxP 70036. Corona/arsgng is not required if voltages are below 150V
per 4.15 of CxP 70036. Oxygen compatibility tesismgot required if the maximum design pressure is
less than 265 psia per 4.18.1 of CxP 70036.]

3.2.6 Electrical Design

3.2.6.1 Input Power

The DFI DAS input power shall not exceed 350 watitsr a steady state input voltage range of 23 to
36 VDC.

3.2.6.2 Input Voltage Range
The DFI DAS shall meet the requirements of CxP 1003, Constellation Program Electrical Power
System Specification, Volume 2: Electrical Powera@dy Performance for 28 Vdc.

3.2.6.3 Short Circuit Protection
The DFI DAS shall comply with the requirements ASA Technical Memorandum 102179, Selection
of Wires and Circuit Protective Devices for STS @nbVehicle Payload Electrical Circuits.

3.2.6.45V Discrete Characteristics

The DFI DAS 5V discrete inputs shall have the felleg characteristics:
a. ON: 0.6 mA maximum sink current and 3.25VDC mimin input voltage
b. OFF: 1VDC maximum; 50A maximum sink current.

3.2.6.4.1 Pull Down Characteristic
The input shall be pulled down to the OFF voltagectied in 3.2.6.4, 5V Discrete Input
Characteristics when not connected.

3.2.6.4.2 Quantity
There shall be a minimum of one 5V discrete inputs.

3.2.6.528V Discrete Input Characteristics

The DFI DAS 28V discrete inputs shall have theolwlhg characteristics:
a. ON: 22 to 32 VDC; 100 mA maximum sink current
b. OFF: 1.0 VDC maximum, 250A maximum sink current
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3.2.6.5.1 Pull Down Characteristic
The input shall be pulled down to the OFF voltagectied in 3.2.7.5 when not connected.

3.2.6.5.2 Quantity
There shall be a minimum of two 28V discrete inputs

3.2.6.6 Electrical Bonding
The DFI DAS shall meet the electrical bonding reguents of NASA-STD-4003, Electrical
Bonding for NASA Launch Vehicles, Spacecraft, Pagle, and Flight Equipment.

[Rationale: NASA-STD-4003 is applicable as a whétlés expected that DFI DAS will require several
types of bonds. Section 6.1, Design RequiremehtSASA-STD-4003 gives guidance in this situation.
NASA-STD-4003 is available online kttp://standards.nasa.gov/released/4003/NASA-STUB4Hif

3.2.6.7 Electrical Grounding
The DFI DAS shall meet the electrical groundinguisgments of CxP 72043, ARES | Electromagnetic
Environmental Effects (E3) Requirements Document.

[Rationale: Section 3.11 Grounding of CxP 72048cates the requirements for implementing single
point grounding.]

3.2.6.8 Lightning Protection
The DFI DAS shall meet the lightning protectionuggments of CxP 72043, ARES | Electromagnetic
Environmental Effects (E3) Requirements Document.

[Rationale: Section 3.5, Lightning, of CxP 72048iaates the design requirements for lightning. The
specific environment for the DFI DAS location had been defined, a conservative design for a direct
lightning strike to the DFI DAS or indirect strikkbrough any connector on the DFI DAS should
provide adequate protection. Applicable Crew Launch

Vehicle mission segments in section 3.5 are On@aerations, Launch and Ascent. Sections

3.5.1.1, Zoning, and 3.5.1.2 Zone Lightning Envinemt, do not apply to the DFI DAS. The

DFI DAS test specifications for lightning are loedtin 3.2.6.16 Electromagnetic Interference, of thi
specification.]

3.2.6.9 Electrostatic Discharge (ESD) Protection
The DFI DAS shall meet the electrostatic dischdEfeD) protection requirements of CxP 72043,
ARES | Electromagnetic Environmental Effects (E&gRirements Document.

[Rationale: Section 3.7, Electrostatic Charge Guntf CxP 72043 specifies the design requirements
for ESD protection and refers to the Class H am$<5 requirements of NASASTD-4003. The DFI
DAS test specifications for ESD are located in@X6 Electromagnetic Interference, of this
specification.]
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3.2.6.10 Isolation of Test Points
The DFI DAS shall isolate test points and intexuauits such that a test point short to groundsdoe
not damage the Upper Stage Avionics hardware.

3.2.6.11 Electrical, Electronic, Electromechanical (EEE) Parts
The DFI DAS shall meet the requirements of MSFC-S322, EEE Parts Management and Control
for MSFC Space Flight Hardware, as tailored by €2B53, EEE Parts Management and Control Plan.

[Rationale: These documents indicate part selecaqnirements according to the criticality of the
assembly. The DFI DAS is criticality 3. ConseglierGrade 4 parts as defined in the documents are
the minimum grade allowed, however, higher gradéspaay be needed to meet the assembly level
MTTF and qualification requirements of this DFI DABecification.]

3.2.6.12 Inadvertent Disconnect
The DFI DAS shall prevent inadvertent disconnects.

3.2.6.13 Printed Wiring Boards

The DFI DAS shall meet the design requirements BEKI-STD-3425, Design Requirements for
Rigid Printed Circuit Boards and Assemblies ana@dastructed in accordance with the Class 3
requirements of IPC-6011, Generic Performance Sqetaon for Printed Boards.

[Rationale: MSFC-STD-3425 is a tailoring documentiPC-2221 and IPC-2222 which specify
design requirements for printed circuit boards. Tdlering places further restrictions on board
design to further increase uniformity and relisgili MSFC-STD-3425 is available at
https://repository.msfc.nasa.gov/docs/multiprogM8FC-STD-3425.pdf

3.2.6.14 Ignition Source Avoidance

The DFI DAS electrical components and wiring shallconformal coated or otherwise ignition-proof
to prevent ignition of potentially flammable or déogive gases/fluids existing in the Instrument Wmt
Aft Skirt locations volume.

3.2.6.15 Electromagnetic Interference

The DFI DAS shall meet the electromagnetic interiee requirements of CxP 72047, CLV
Requirements for the Control of Electromagnetietference Characteristics of Subsystems and
Equipment.

[Rationale: CxP 72047 is applicable as a wholé wit exception that only the tests specified @r-n
antenna battery powered electronic units apphéoDFI DAS. CxP 72047 is applicable to Ground
Support Equipment as stated in CxP 72043, ARE®dtEimagnetic Environmental Effects (E3)
Requirements Document, section 3.6.1.3 NDI/Comrakhl@ms used in Electrical Ground Support
Equipment.]
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3.2.6.16 Circuit Classification
The DFI DAS shall meet the electrical circuit clasation requirements of CxP 72043, ARES |
Electromagnetic Environmental Effects (E3) Requeata Document.

[Rationale: Section 3.12.1, Cable and Wire DesigrElectromagnetic Compatibility, of CxP 72043,
indicates the characteristics of signals and tassdication to which each signal type is assigned.

3.2.6.17 Connector Location and Pin Function Assignments
The DFI DAS connector location and pin functionigresients shall be provided.

3.2.6.18 Wire and Cable Shielding, Separation, and Routing
The DFI DAS shall meet the wire and cable shigldgeparation, and routing requirements of CxP
72043, ARES | Electromagnetic Environmental Effg§&3) Requirements Document.

[Rationale: Section 3.12.2, Cable and Wire DesigrElectromagnetic Compatibility, of CxP 72043,
indicates that signals of different classificatieh®uld be separated by separating wires or cables
physically, using cable trays, or shielding.]

3.2.6.19 Electrostatic Discharge (ESD) Controls

The CEI shall be produced/manufactured using ESidraots in accordance with ANSI/ESD S20.20-
1999, ESD Association Standard for the Developroéan Electrostatic Discharge Control Program
for Protection of Electrical and Electronic PaAssemblies and Equipment (excluding Electrically
Initiated Explosive Devices).

3.2.7 Structural and M echanical
3.2.7.1 Materials and Processes

Components/hardware shall meet the requirements$Saf-CLV-MP-25502 which implements the
requirements of NASA-STD-(1)-6016 for materials gmdcesses. Guidance specific to this
procurement is provided in sections a-d below.

Guidance/Rationale:

a. For COTS hardware, complete materials and psesdasformation and the Material Item Usage List
(MIUL) may not be available. If accepted by M&Ptbé procuring authority, a complete as-built
drawing package may be evaluated in lieu of an MIHawever, the information will need to be
sufficient, down to the manufactured parts level,assess the overall safety of the hardware,@nd t
verify the effect of any materials or processes @jd&ailure that will create a hazard or compromise
mission success.

b. Vendor will inform procuring authority M&P of wa insulation other than PTFE Teflon
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c. Vendor will inform procuring authority M&P of gruse of tin not containing at least 3% lead.

d. Materials used in the design will meet the flaability requirements of NASA-STD-6001. A
flammability assessment may be used to evaluattatienability of a component or assembly.
Flammability assessment and logic will be conststéth the approach provided in the in JSC 29353A,
Flammability Configuration Analysis for SpacecrAfiplications. If some minor use materials in COTS
cannot be identified, the flammability assessmelte conducted to evaluate the flammability of th
COTS hardware as an assembly.

The following are examples, but not a complete d$tareas considered in the overall acceptalaifity
COTS hardware, to assure that failure of mateaiatbprocesses used in the hardware does not ereate
hazard or compromise mission success: stress @amroscking, corrosion, adhesive failure,
contamination/FOD, materials degradation, inconlydiyi of materials with fluids or natural and

induced environments, defects from material joiningauthorized material substitution, use of pure t

3.2.7.2 Fracture Control
The DFI DAS system shall meet the fracture comeqlirements in accordance with NASA-STD-
5019, Fracture Control Requirements for Spaceflidgatdware.

3.2.7.3 Drawing Quality

The DFI DAS drawings and associated lists shafifepared in accordance with ASME Y14.100,
Engineering Drawing Practices, ASME Y14.24, Typed Applications of Engineering Drawings,
ASME Y14.34, Associated Lists and ASME Y14.35M-19B¢vision of Engineering Drawings and
Associated Documents.

[Rationale: ASME Y14.100, Engineering Drawing Ri@es, ASME Y14.24, Types and Applications
of Engineering Drawings, ASME Y14.34, Associatedtsiand ASME Y14.35M-1997, Revision of
Engineering Drawings and Associated Documents sepefreplace MIL-STD-100, D.O.D. Standard
for Engineering Drawings.]

3.2.7.4 Cooling
The DFI DAS shall not require active cooling.

3.2.7.5 Captive Fasteners
The DFI DAS shall use captive fasteners in accardavith MSFC-STD-2594C, MSFC Fastener
Management & Control Practices.

3.2.7.6 Factors of Safety

The DFI DAS shall comply with the requirements odfC70135, CONSTELLATION PROGRAM
STRUCTURAL DESIGN AND VERIFICATION REQUIREMENTS, ston 3.10.
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3.2.7.7 Debris Prevention
The DFI DAS shall be designed to preclude the gaimar or shedding of debris during pre-launch or
ascent which might jeopardize personnel or othhicleeequipment.

3.2.7.8 Chemical Exposurein the Instrument Unit (1U)

The DFI DAS materials that will be exposed to tta@spheric environment in the IU shall be selected
to be compatible with monomethyl hydrazine (MMHYanitrogen tetroxide (NTO) as identified in the
Materials and Processes Technical Information 8ysi¢APTIS) database.

[Rationale: MAPTIS is Marshall Space Flight Cefgeaingle-point source for materials properties for
NASA and NASA associated contractors and orgamnatiThe MAPTIS-II system contains physical,
mechanical and environmental properties for metatid non-metallic materials.
http://maptis.nasa.gov/index.dsp

3.2.7.9LRU Interchangeability
The DFI DAS shall have Line Replaceable Units (LRkJt are interchangeable with LRUs of the same
end item specification design within all applicabéhicle and laboratory mounting locations.

3.2.7.10 Connector Mismating
The DFI DAS shall use connector keying to prevestmating.

3.2.7.11 DAU Chassis Size
The DFI DAS shall have the same size chassis f@r/Adls.

3.2.7.12 Distributed System
The DFI DAS shall be a distributed system with aimum of two chassis boxes.

3.2.8 Product Marking

3.2.8.1 Identification and M arking

The DFI DAS shall be manufactured with identificatiand marking methods in accordance with MIL-
STD-130, DEPARTMENT OF DEFENSE STANDARD PRACTICEBDNTIFICATION MARKING
OF U.S. MILITARY PROPERTY.

3.2.8.2 ESD Identification and Marking

The DFI DAS shall be manufactured with ESD (elestatic discharge) identification and marking
methods in accordance with MIL-STD-130, DEPARTMERNF DEFENSE STANDARD PRACTICE
IDENTIFICATION MARKING OF U.S. MILITARY PROPERTY.

3.2.8.3 Serial Numbers
The DFI DAS components shall be identified by aas@umber.

3.2.9 Workmanship
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3.2.9.1 Soldering
The DFI DAS shall be manufactured in accordanch yASTD-001DS, Space Applications Electronic
Hardware Addendum to J-STD-001D, Requirements @ddeSed Electrical and Electronic Assemblies.

3.2.9.2 Crimping

The DFI DAS shall be manufactured in accordanch NASA-STD-8739.4, as tailored by MSFC-
STD-2905, MSFC Tailoring Guide for NASA-STD-8739@imping, Interconnecting Cables, Harness,
and Wiring.

3.2.9.3 Soldering of Surface Mount Components

The DFI DAS shall be manufactured with solderinghmnés for Surface Mount Technology (SMT)
components in accordance with J-STD-001DS, Spapdioapions Electronic Hardware Addendum to
J-STD-001D, Requirements for Soldered Electricdl Blectronic Assemblies.

3.2.9.4 Conformal Coating and Staking

The DFI DAS shall be manufactured with fabricat@amtrols and processes used in staking and
conformal coating of printed wiring boards and #legic assemblies in accordance with J-STD-001DS,
Space Applications Electronic Hardware Addendurd-&T'D-001D, Requirements for Soldered
Electrical and Electronic Assemblies.

3.2.9.5Tin Whisker Mitigation

The DFI DAS shall be manufactured using Tin Whidiitigation methods in accordance with J-STD-
001DS, Space Applications Electronic Hardware Addemto J-STD-001D, Requirements for
Soldered Electrical and Electronic Assemblies.

[Rationale: Section 1.5.1 and 1.5.2, J-STD-0010#c8® Applications Electronic Hardware Addendum
to J-STD-001D, Requirements for Soldered Electacal Electronic Assemblies, indicates that RoHS,
3% minimum lead (Pb) must be used.]

3.2.10 Human Engineering

3.2.10.1 Human Engineering Guidelines

The DFI DAS shall meet the human engineering gimeelof NASA-STD-3000, Man-Systems
Integration Standards, and CxP 70024Constellatimmah-Systems Integration Requirements (HSIR).

3.2.10.2 Sharp Edges
The DFI DAS shall comply with the requirements afriin Factors Engineering Design Criteria, USO-
CLV-LS-25404, to protect operators against injupni sharp edges and corners.

3.2.10.3 Maximum Touch Temperature
The DFI DAS maximum touch temperature shall meetréguirements of Human Factors
Engineering Design Criteria, USO-CLV-LS-25404, gat5.13.4.6, Table X, for surfaces that are
exposed to personnel while the Upper Stage Aviagagspment is installed and being operated.
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[Rationale: Human Factors Engineering Designe@at USO-CLV-LS-25404 refers to detailed
requirements from MIL-STD-1472F, "DOD Design CrigeBtandard, Human Engineering”, table XXI.
Values exceeding maximum limits shall be approplyaguarded.]

3.2.10.4 Minimum Touch Temperature

The DFI DAS minimum touch temperature shall meetrédguirements of Human Factors Engineering
Design Criteria, USO-CLV-LS-25404, section 5.13,408 surfaces that are exposed to personnel
while the Upper Stage Avionics equipment is insththnd being operated.

3.2.10.5 General Safety

The DFI DAS vendor shall supply sufficient drawingescuments, process plans, and procedures to
support the development of hazard analyses anddegaorts in accordance with sections 2.2.1,
Hazard Analysis, of CxP 70059 Constellation Prog(@xP) Integrated Safety, Reliability, and Quality
Assurance (SR&QA) Requirements.

[Rationale: Hazard analyses will be performed lgyPinoject at the integrated level of assembly.]

3.2.10.6 Contamination Control
The DFI DAS external and internal surfaces shattlbaned to Visibly Clean-Standard as a minimum
per the requirements in CxP 70145, Constellatimgfim Contamination Control Requirements.

3.2.10.7 Box Integration for Ground Operations
The DFI DAS shall meet the box integration requieats for ground operations in accordance with
Human-Systems Integration Requirements (HSIR), @3¢24, Section 3.9.

3.3 Packaging Requirements

The methods of preservation, packaging and packitiged for shipment together with necessary
special control during transportation shall adeglygirotect the DFI DAS from damage or degradation
of performance due to the natural and induced enments encountered during transportation and
subsequent indoor storage per NPR.6000.1G. Thereasents herein govern the preparation for
shipment and the transport of the DFI DAS to a@&uand Government facilities.

3.3.1 Packaging Design Requirement (Structural)

Preservation, packaging, and packing shall witlistae rough handling package requirements of
NPR.6000.1G as defined in accordance with thearig:

(@) Free fall flat drop

(b) Free fall corner drop

() Sinusoidal vibration

3.3.2 Reusable Containers
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Where analysis indicates a requirement for reusadainers, maximum practical utilization shall be
made of standard off-the-shelf, low cost, metgblastic containers.

3.3.3 Monitoring Devices

Utilization of instrumentation for monitoring oraerding in-transit environments (e.g., shock,
vibration, temperature, humidity, etc.) to asswafe sirrival is required and shall be approved by th
Buyer prior to implementation.

3.3.4 Temporarily Installed Hardware I dentification

All temporarily installed devices such as capsggjicovers, support bracketry, protective plates, e
shall be marked “NOT FLIGHT” or otherwise indicatasl not for flight to ensure they are easily
identified under casual observation.

3.3.5 Markingfor Shipment

Interior and exterior containers shall be markedl labeled in accordance with MIL-STD-130 including
precautionary markings necessary to ensure saf@igrsonnel and facilities and to ensure safe
handling, transport, and storage.

3.3.6 Marking for Reuse
Packages with reuse capability shall be identifitth the words “REUSABLE CONTAINER — DO
NOT DESTROY — RETAIN FOR REUSE.”

3.3.7 NASA Critical Item Labels
NASA Critical Item Labels shall be applied in acdance with MIL-STD-2073 and NPR.6000.1G.

3.3.8 ldentification Format

Identification information on the interior and esibe containers shall be in the following format IMI
STD-2073 and NPR.6000.1G.
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4 VERIFICATION

The verification program shall ensure that the DRAIS will conform to the design and performance
requirements specified in Section 3. For each &e&irequirement, there is a corresponding Sedtion
verification requirement that contains the requiats necessary to show compliance with each “shall’
statement. The verification requirement must havee parts: the method of verification, a desaipti

of the verification work to be performed, and sssceriteria that determines when the verificat®n i
complete. Non- “shall” statements will not haveeaification requirement for compliance.

This following section identifies the how, whatdanhen the requirements will be verified and the
various organizations and personnel that will cab@nd support verification.

Description

4.1.1 Verification Methods

Verification methods are the methods by which #guirements in Section 3.0 are to be verified. One
or more of the following methods will be used:

1. Test—Verification by test is the actual openatid equipment during ambient conditions or when
hardware is subjected to specified environments/&duate performance.

la. Functional Test—Functional testing is an irdiial test or series of electrical or mechanical
performance tests conducted on flight or flightf@ured hardware and/or software at conditions equa
to or less than design specifications. Its purpese establish that the system performs satisficio
accordance with design and performance specifiesitibunctional testing generally is performed at
ambient conditions. Functional testing is perforrhetbre and after each environmental test or major
move in order to verify system performance priothe next test/operation.

1b. Environmental Test—Environmental testing isralividual test or series of tests conducted on
flight or flight-configured hardware and/or softwatio assure the hardware will perform satisfactarnil
its flight environment. Environmental tests includieration, acoustic and thermal vacuum and may or
may not be combined with functional testing depegdin the objectives of the test.

2. Analysis—Verification by analysis is a processdiin lieu of or in addition to testing to verify
compliance to requirements. The selected technimagsinclude systems engineering analysis, Stgisti
and qualitative analysis, computer and hardwaralatmons, analog modeling, similarity assessment,
and verification of records.
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3. Demonstration—Verification by demonstrationhs use of actual demonstration techniques in
conjunction with requirements such as operatioadbpmance, serviceability, accessibility,
transportability, human engineering features, asplay data.

4. Inspection—Verification by inspection is the picgl evaluation of hardware and/or
documentation/drawings to verify design featuraspéction is used to verify construction features,
workmanship, dimension and physical condition, sa€lleanliness, surface finish, and locking
hardware.

4.1.2 Verification Cross Reference Matrix
A Verification Cross Reference Matrix (VCRM) is ggated to show the requirement trace and closure
methods. The VCRM is an appendix to this document.

4.1.3 Responsbility for Inspection

The manufacturer shall be responsible for the perdnce of all inspection requirements as herein and
to the requirements of the production, test, asdaction plan. The manufacturer may utilize hisiow
or any other inspection facilities and serviceseptable to the Government. The Government reserves
the right to witness or separately perform anyhefinspections set forth in the specification wisereh
inspections are deemed necessary to assure supnpliesrvices conform to prescribed requirements.

4.1.4 Test Equipment and Facilities
All test equipment shall be calibrated. Calibratgtandards shall be traceable to the Nationatuibest
of Standards.

4.15 Standard Test Conditions
The DFI DAS tests shall be performed in an open aexing a temperature of 23°+10°C, a relative
humidity 50£30%, and a barometric pressure of 1@1-P3 kilopascals (29.9 + 0.6/—6.8 Hg).

[Rationale: These ambient conditions are define@Xy 70036, Constellation Program environmental
Qualification and Acceptance Testing requireme@EQATR).]

4.1.6 Acceptance and Regjection Criteria

The DFI DAS which has passed all of the requiresiefsection 3.2.5.2 Acceptance Test
Requirements shall be accepted. Assemblies whichat accepted will be considered rejected. The
full particulars concerning rejection and the neaeg action taken to correct the defect will be enad
available to the Government inspector before redtddrof the assembly for retest.

4.1.7 Government Acceptance | nspections

The Government acceptance inspection shall be ovedin accordance with the provisions of the
contract and shall include inspections of hardwsoéware, electrical drawings, mechanical drawings
procedures, reports, and analyses used to convelefieations.
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4.1.8 Acceptance Tests
Each assembly submitted for acceptance under titeacd shall successfully comply with acceptance
test requirements of section 3.2.5.4 Acceptanceé Heguirements.

4.19 Reliability Tests
See section 3.2.4.16 Reliability for reliabilitygrerements.

4.1.10 Environmental Tests
Verification of the qualification requirements a23%.3 Qualification Test Requirements shall be
conducted before delivery of the first acceptané¢ DAS.

4.2 DFIl DAS Characteristics

No verification required.
4.2.1 Data Acquisition
No verification required.

4.2.1.1 Initialization to Known PCM Frame Format
This verification shall be by test and inspection.

A test shall be conducted to verify that the DFI ®iAitializes to a selected PCM frame format after
power has been applied. An inspection of the deeumentation shall be conducted to verify that th
state after initialization is described in the dmemtation.

This verification shall be considered successfuliyt when the DFI DAS initializes to a selected fam
format upon application of power and user documantalescribes the initialization state.

4.2.1.2 Power Application Data Output
This verification shall be by test.

A test of the DFI DAS shall be conducted which fiesithat data collection begins within 3 seconfds o
power application.

This test shall be considered successful when oulga timestamps begin within 3 seconds of DFI
DAS power application.
4.2.1.3 Power Interruption Data Output

This verification shall be by test.

A test of the DFI DAS shall be conducted which fiesithat data collection begins within 3 seconfds o
power restoration after a power interruption.
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This test shall be considered successful when oulga timestamps begin within 3 seconds of power
restoration after a DFI DAS power interruption.

4.2.1.4 Sensor Data Acquisition
This verification shall be by test and inspection.

A test of the DFI DAS shall be conducted to vetifat the DFI DAS can acquire data from the sensors
in Table 3. The test shall include at least oms@eof each kind in Table 3. Each channel sleall b
tested. An inspection of the user documentati@ti Be conducted to verify that the DFI DAS is
compatible with each type of sensor in Table 3.

This verification shall be considered successfugnvbutput data is data is generated for each channe
and when the inspection of user documentation ate&compatibility with each type of sensor listed
Table 3.

4.2.1.5 PCM Data Acquisition
This verification shall be by test and inspection.

A test shall be conducted to verify that the DFI®Acquires external source PCM data per IRIG 106,
NRZ, Class Il Telemetry Standard. An inspectionhaf user documentation shall be conducted to
verify that the DFI DAS user documentation indicatiee procedure required to acquire external PCM
data.

This verification shall be considered successfugmvthe DFI DAS generates output from PCM data
input per IRIG 106, NRZ, Class Il Telemetry Starmtland when user documentation indicates the
procedure for acquiring PCM data.

42.1.6 PCM Frame Generation
This verification shall be by test.

A test shall be conducted to verify that the DFI®4enerates PCM data in accordance with IRIG 106,
NRZ, Class Il Telemetry Standards with no data.loss

This verification shall be considered successfugnvthe DFI DAS output conforms to IRIG 106, NRZ,
Class Il Telemetry Standards with no data loss.

4.2.1.7 User Programmable
This verification shall be by test and inspection.
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The test shall include programming the DFI DAS cleusampling and scheduling. The test shall
include objective evidence that the sampling amgdualing program resides in non-volatile memory (fo
example, the program is accessible after cyclinggmp

An inspection of the user documentation shall yeh&t a procedure for programming the DFI DAS in
non-volatile memory is included in the user docutagon.

This verification shall be considered successfulyt when the test results indicate the DFI DAS
program has been saved in non-volatile memory laadhspection of the user documentation indicates
the procedure for programming the DFI DAS into nvotatile memory.

4.2.1.8 Sampling and Formatting
This verification shall be by test and inspection.

The test shall include setting the parametersefthRl DAS indicated in the requirement; sampling,
gains, offset, filtering formatting and sub-fornmagtfor each type of channel in Table 3. The insipec
of the user documentation shall verify the proceddor setting the parameters are included in see u
documentation.

This verification shall be considered successiult when the data collected from the test of edéh D
DAS channel type listed in Table 3 indicates thatthannel parameters have been set as intended and
when the inspection verifies the procedure forrsgttip each channel is included in the user
documentation.

4.2.1.9 Number of Data Formats
This verification shall be by test and inspection.

The test shall include collecting output data miaimum of 8 different PCM frame formats. The
inspection of the user documentation shall veht tthe procedure exists for configuring the DFIDA
in a minimum of 8 different PCM frame formats.

This verification shall be considered successfulyt when the data collected from the test shows the
DFI DAS is capable of sending data in at least 8&R@me formats and when the inspection report
indicates the location of the procedure for configguthe DFI DAS in each of the 8 or more output
PCM formats.

4.2.1.10 Format Change via Discrete Signal
This verification shall be by test and inspection.

The test shall include collecting DFI DAS outputadevhile each of, a minimum of, 3 discrete inpsts i
toggled individually. The discrete signals shalldgyoduced in accordance with section 4.2.6.4, 5V
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Discrete Characteristics, and 4.2.6.5, 28V Disc@taracteristics. The inspection of the user
documentation shall verify that the user documa@mancludes a procedure for configuring the DFI
DAS for a change in output format based on theviddal change of state of a minimum of 3 discretes.

This verification shall be considered successfiulyt when the data collected from the test shows the
output format changed as a result of the individhainge in state of, a minimum of, 3 discrete iaput
as defined in section 4.2.6.4, 5V Discrete Charaties, and 4.2.6.5, 28V Discrete Characterisacsl
when the inspection report indicates the locatiothe user documentation of the procedure for
configuring the DFI DAS to change output formatdzhsn a discrete input change in state.

4.2.1.11 DAS Interface Requirements
No verification required.

4.2.1.11.1MDAU to Telemetry System Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.

This verification shall be considered successiult when the inspection report indicates that fater
to the telemetry system is an RS-422 interfaceishesipable of transmitting PCM data.

4.2.1.11.1.1 MDAU to Telemetry System Bit Rate
This verification shall be by test.

The test shall include transmitting PCM data frdve MDAU to Telemetry interface at 20Mbps
through a 40 foot shielded twisted pair cable withedance as indicated in 3.2.1.11.1.2, MDAU to
Telemetry System Impedance.

This verification shall be considered successfult when the test report indicates that the interfa

the telemetry system has successfully transmit@d Eata at 20Mbps through a 40 foot shielded

twisted pair cable with impedance as indicated 11313.1.2, MDAU to Telemetry System Impedance.
4.2.1.11.1.2 MDAU to Telemetry System Impedance

This requirement shall be verified when the veatficn of 4.2.1.11.1.1, MDAU to Telemetry System Bit

Rate, has been successfully completed.

4.2.1.11.2 MDAU to First Stage DFI System Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.
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This verification shall be considered successfulit when the inspection report indicates that this
interface from the First Stage DFI system is fa)rRS-422 interfaces that are capable of transmitti
PCM data.

4.2.1.11.2.1 MDAU to First Stage DFI System Bit Rate
This verification shall be by test.

The test shall include transmitting PCM data frdvea MDAU to First Stage DFI interface at 20Mbps
through four (4) 175 foot shielded twisted pairleabith impedance as indicated in 3.2.1.11.2.2.,
MDAU to First Stage DFI Impedance.

This verification shall be considered successfult when the test report indicates that the interfa
the First Stage DFI has successfully transmitt€Rlata at 20Mbps through four (4) 175 foot
shielded twisted pair cable with impedance as atd in 3.2.1.11.1.2, MDAU to Telemetry System
Impedance.

4.2.1.11.2.2 MDAU to First Stage DFI System Impedance
This requirement shall be verified when the veatiicn of 4.2.1.11.2.1, MDAU to First Stage DFI Bit
Rate, has been successfully completed.

4.2.1.11.3 First Stage DFI System to MDAU Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.

This verification shall be considered successfulit when the inspection report indicates that this
interface to the First Stage DFI system is twoR3)422 interfaces that are capable of transmitting
PCM data.

4.2.1.11.3.1 First Stage DFI System to MDAU Bit Rate
This verification shall be by test.

The test shall include transmitting PCM data fro@F simulator to the MDAU interface at 6Mbps
through two (2) 175 foot shielded twisted pair eablth impedance as indicated in 3.2.1.11.3.2stFir
Stage DFI System to MDAU Impedance.

This verification shall be considered successfult when the test report indicates that the interfa

the First Stage DFI has successfully transmitt€Rlata at 6Mbps through two (2) 175 foot shielded
twisted pair cable with impedance as indicated#11311.1.2, MDAU to Telemetry System Impedance.
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4.2.1.11.3.2 First Stage DFI System to MDAU Impedance
This requirement shall be verified when the veatiion of 4.2.1.11.3.1, First Stage DFI System to
MDAU Bit Rate, has been successfully completed.

4.2.1.11.4 MDAU with RDAU Interface
This requirement shall be verified when the veatiion of 4.2.1.11.4.1, MDAU with RDAU Interface
Distance, has been successfully completed.

4.2.1.11.4.1 MDAU with RDAU Interface Distance
This verification shall be by test.

The test shall include assembling the DFI DAS witich chassis interconnected with cables measuring
155 feet. The aggregate data acquisition shallibla that the throughput from the MDAU to
Telemetry Interface shall be 20Mbps.

This verification shall be considered successfullt when the test report indicates that the DFI DAS
units can acquire and output 20Mbps of data whilerconnected with 155 foot cables.

4.2.1.11.5Workstation Interface
This verification shall be by test.

The test shall include assembling the DFI DAS wiilch chassis interconnected. The aggregate data
acquisition shall be such that the throughput ftbenMDAU to Workstation Interface shall be 20Mbps.

This verification shall be considered successfullt when the test report indicates that the DFI DAS
workstation can interface with the DFI DAS for pragiming, testing and real-time evaluation of PCM
data while collecting and transmitting data at 26pisl

4.2.1.11.6 EGSE Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.
This verification shall be considered successfulit when the inspection report indicates that this

interface meets the requirements described inase8tb, Interfaces, of
USO-CLV-DE-25135, Upper Stage (US) EGSE Subsystewgiirements Document.

4.2.1.11.7 Test and Programming
This verification shall be by inspection.
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An inspection of the DFI DAS drawings and user doentation shall be performed.

This verification shall be considered successiult when the inspection report indicates that thé D
DAS provides a minimum of one port for use as adad programming port.

4.2.2 Input Channels
This requirement shall be verified when the veatilcn of section 4.2.1.4, Sensor Data Acquisitisn,
successfully completed

4.2.2.1 Input Channel Characteristics
This requirement shall be verified when the veatilon of section 4.2.1.4, Sensor Data Acquisitisn,
successfully completed.

4.2.2.1.1 Sample Rates
This verification shall be by test.

The test shall include collecting DFI DAS outputalehile receiving input from a calibrated source o
each input channel. The sample rates shall b® $bbse listed in Table 3.

This verification shall be considered successfult when the data collected from the test of each
channel shows that the sample rate meets thosabie B within 1%.
4.2.2.1.2 A/D Resolution

This verification shall be by test.

The test shall include collecting DFI DAS outputalahile receiving input from a calibrated source o
each input channel.

This verification shall be considered successfiult when the data collected from the test of each
channel shows that output resolution is configuwrasl specified in Table 3 for each channel.
4.2.2.1.3 Output/Sample

This requirement shall be verified when the veatiicn of section 4.2.1.4 is successfully completed.

4.2.2.1.4 Excitation
This verification shall be by inspection.

The inspection of the DFI DAS drawings shall canfithe capability to provide constant current or
constant voltage to the sensor as required in Table

CHECK THE MASTER LIST VERIFY THAT THIS IS THE CORRET VERSION BEFORE USE



CLV Project/Upper Stages Element

Title: Ares| Upper Stage (US) - Document No.: GRC-AVI-SPEC-0001 Revision: Baseline
DFI DAS CEI Specification

Effective Date: May 28, 2008 Page 42 of 77

The verification shall be considered successfulmthe inspection report shows that the DFI/DAS
includes a constant voltage excitation or constantent excitation that is compatible with the seas
in Table 3.

4.2.2.1.5 Signal Conditioning
This verification shall be by inspection.

The inspection of the DFI DAS drawings and userutiaentation shall confirm the signal conditioning
capability to meet the requirement of the sensofisable 3.

The verification shall be considered successfulmthe inspection report shows that the DFI DAS
provides signal conditioning sufficient for the sers listed in Table 3.

4.2.2.1.6 Accuracy
This verification shall be by test.

The test shall include collecting DFI DAS outputalahile receiving sensor data from each type of
sensor in Table 3.

This verification shall be considered successfult when the test results verify that the DFI DAS h
accuracy specified in Table 3.

4.2.2.1.7 Charge Amplifier
This verification shall be by inspection.

The inspection of the DFI DAS drawings and userutiaentation shall confirm the capability of the DFI
DAS to provide a Charge Amplifier as required by siensors listed in Table 3.

The verification shall be considered successfulnthe inspection report indicates the DFI DAS
provides charge amplifier capability sufficient ttve sensors listed in Table 3.
4.2.2.1.8 Programmable Filter

This verification shall be by inspection.

Inspection of the DFI DAS drawings and user docuat@n shall confirm the filtering capability ofeh
DFI DAS is sufficient to meet the filtering requinents of Table 3.

The verification shall be considered successfulmthe inspection report indicates that the DFI DAS
can provide filters sufficient to meet the filtegirequirements of Table 3.
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4.2.2.1.9 Programmable Gains
This verification shall be by inspection.

The verification shall include an inspection of El DAS drawings and user documentation to verify
that the DFI DAS is designed to configure the gaid offset for every data channel as required by th
sensor list in Table 3.

This verification shall be considered successfuliyt when the results of the inspection conclude the
DFI DAS can provide programmable gains and offsatficient for the sensor list in Table 3.

4.2.2.1.10 Reference Junction Compensation
This verification shall be by inspection.

The inspection of the DFI DAS drawings and userudaentation shall confirm the use of an internal
Reference Junction Compensation as required pde Bab

The verification shall be successfully verified whee inspection report indicates the DFI DAS
provides internal reference junction compensatidficent for the sensor list in Table 3.

4.2.2.1.11Video
No verification required.

4.2.2.1.11.1 Video Format
This verification shall be by test.

The test shall include collecting DFI DAS outputalahile receiving simulated data with one of the
video formats specified in the requirement.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive input from one of the required formats @hilaintaining the required resolution and accuracy.

4.2.2.1.11.2 Video Resolution
This verification shall be by test.

The test shall include collecting DFI DAS outputadehile receiving data with the video resolution
stated in the requirement.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive input with the resolution stated in theunsgment.

4.2.2.1.11.3 Video Frame Rate
This verification shall be by test.
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The test shall include collecting DFI DAS outputadehile receiving data with the video frame rates
stated in the requirement.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive progressive scan video with at the frartesrgpecified in the requirement.

4.2.2.1.11.4 Video Image Compression
This verification shall be by test.

The test shall include testing the image data étesited from collecting video.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
compress video at the compression rate specififteinequirement.

423 Time
No verification required.

4.2.3.1 Recelving Time
This verification shall be by test.

The verification shall include a test of the DFI ®A&ardware and its ability to receive time in IRBG-
format.

An inspection of the user documentation shall idelverifying the inclusion of procedures for recegv
time in accordance with the IRIG-B format.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive time in accordance with IRIG-B format amspiection of the user documentation verifies the
inclusion of procedures for receiving time in IRB3format.

4.2.3.2 Internal Clock
This verification shall be by test and inspection.

The test shall include receiving DFI DAS data freath channel type while the data is time-stamped in
accordance with IRIG-106 format.

An inspection of the user documentation shall yeh€ inclusion of procedures for time stampingheac
channel type in accordance with IRIG-106 format.

This verification shall be considered successiult when the test results verify that the DFI DAS ¢
time stamp data in accordance with IRIG-106 forfr@in each channel type and inspection of the user
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documentation verifies the inclusion of proceddoggime stamping data in accordance with IRIG-106
format

4.2.3.3 Time Stamp of Data
This verification shall be by analysis.

The verification shall include an analysis of thelDAS hardware and its ability to comply with the
time stamp precision in accordance with IRIG 1@etcode format.

This verification shall be considered successfuliyt when the results of the analysis verify that DI
DAS can time stamp data in accordance with IRIG th§6é code format.

4.2.3.4 Time Stamp with Accuracy
This verification shall be by analysis.

The verification shall include an analysis of thelDAS hardware and its ability to comply with the
time stamp accuracy requirement.

This verification shall be considered successfuliyt when the results of the analysis verify that Di-I
DAS time stamp accuracy is 1 milisecond or better.

4.2.3.5 Time Stamp with Precision
This verification shall be by analysis.

The verification shall include an analysis of thelDAS hardware and its ability to comply with the
time stamp precision in accordance with IRIG 1@etcode format.

This verification shall be considered successfuliyt when the results of the analysis verify that DI
DAS can receive time in accordance with IRIG 1@&eticode format.

4.2.4 Workstation Characteristics
No verification required.

4.2.4.1 Workstation Computer
This verification shall be by inspection.

The inspection of the user interface and user deatemion shall determine the method of interfadé wi
the DFI DAS through the workstation.

The verification shall be considered successfulmthe inspection report shows that the DFI DAS
interfaces with the workstation via a Windows-basethputer.
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4.2.4.2 Data Channd Configuration
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure every dataxnba

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure every data channel obRé DAS.

4.2.4.3 Configurable Channel Sampling Rates
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure independemipda rates for every data channel.

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure sample rates for evetg daannel of the DFI DAS.

4.2.4.4 Configurable Channel Gain
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the gain feerg data channel.

This verification shall be considered successfuliyt when the results of the inspection verify that
Workstation can configure the gain for every ddtanmel of the DFI DAS.

4.2.45 Configurable Channel Offset
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the channiskbfof every data channel.

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure the channel offset ofrgwata channel of the DFI DAS.

4.2.4.6 Configure Channel Calibration
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the calibmaiiiformation for every data channel.
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This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure the calibration inforroatfor every data channel of the DFI DAS.

4.2.4.7 Configurable Channel Range
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the analogligptal (A/D) range of every data channel.

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure the A/D range of everiadzhannel of the DFI DAS.

4.2.4.8 Recelving Channel Data
This verification shall be by test and inspection.

The verification shall include a test which disglalie results from input on each DFI DAS channel.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure every datannba

This verification shall be considered successfuliyt when results have been displayed on the
Workstation display from each channel and whemsgpdction of the user documentation verifies the
inclusion of procedures to receive data from eath dhannel.

4.2.4.9 Display Datain Counts Format
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation display to verify the inclusion of pligy
fields in counts on the Workstation display. Tleeification shall also include an inspection of tiser
documentation to verify the inclusion of proceduieslisplay data in counts format

This verification shall be considered successfuliyt when the results of the inspection verify that
Workstation can display data in counts and whepeioson of the user documentation shows inclusion
of procedures to display data in counts format.

4.2.4.10 Display Data in Units Format
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation display to verify the inclusion of pligy
fields in engineering units on the Workstation tigp
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The verification shall also include an inspectidnihe user documentation to verify the inclusidn o
procedures to display data in engineering units.

This verification shall be considered successfuliyt when the results of the inspection verify that
Workstation can display data in engineering unii$ &@hen inspection of the user documentation shows
inclusion of procedures to display data in engingeunits.

4.2.4.11 Display Datain Strip Chart Format
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation to verify the inclusion of strip chart
output capability in the Workstation.

The verification shall also include an inspectidrihe user documentation to verify the inclusidn o
procedures to display data on strip charts.

This verification shall be considered successfuliyt when the results of the inspection verify that

Workstation can display data on strip charts andnwhspection of the user documentation shows
inclusion of procedures to display data on strigrth

4.2.4.12 Display Data with Alarms
This verification shall be by test and inspection.

The test shall include collecting DFI DAS simulatiata from each type of channel and forcing the
simulated data out of programmed ranges.

The verification shall also include an inspectidrihe user documentation to verify the inclusidn o
procedures for detecting out of range alarms farafwange data.

This verification shall be considered successfult when out of range input data activates alamns o
the Workstation and when inspection of the useud@ntation shows inclusion of procedures to detect
alarms.

4.2.4.13 Portability
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and packing and setup procedures.
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The verification shall be considered successfuély when the inspection of the Workstation and
packing and setup procedures show that the DFI D/&Sstation is portable by a single ground crew
member; like a laptop or desktop computer.

4.2.4.14 Display Parameters
This verification shall be by test and inspection.

The test shall include collecting DFI DAS simulatiata from each type of channel and recording the
channel parameters.

The verification shall also include an inspectidnihe user documentation to verify the inclusidén o
procedures for displaying DFI DAS parameters.

This verification shall be considered successiult when channel parameters are displayed on the
Workstation and when inspection of the user doctiatiem shows inclusion of procedures to display
channel parameters.

4.2.4.15 Built In Test (BIT)
This verification shall be by test.

A Built In Test shall be performed in several cgofiations, not less than 3 different configurations
which the Built In Test can detect and report.

The verification shall be considered successfulmthe Built In Test status reports accurate stitus
each configuration of the test.

4.2.4.16 Rdiability
This verification shall be by analysis.

The verification shall include a reliability anatysf the DFI DAS hardware.
The verification shall be considered successfuély when the reliability analysis report shows et
DFI DAS meets or exceeds the minimum MTTF listethi requirement.

4.2.4.16.1 Reliability Data

This verification shall be by inspection.

The verification shall include an inspection of ttedivered documentation to ensure that data injputs
the reliability analysis are included with the detied data package.

CHECK THE MASTER LIST VERIFY THAT THIS IS THE CORRET VERSION BEFORE USE



CLV Project/Upper Stages Element

Title: Ares| Upper Stage (US) - Document No.: GRC-AVI-SPEC-0001 Revision: Baseline
DFI DAS CEI Specification

Effective Date: May 28, 2008 Page 50 of 77

The verification shall be considered successfuély when the inspection shows that the delivered dat
package includes the data inputs for the religlalitalysis.

4.2.4.17 Failure Propagation
This verification shall be by analysis.

The analysis of the DFI DAS design shall show #rat failure in the DFI DAS shall not propagate from
the DFI DAS.

The verification shall be considered successfulmthe analysis report shows that the failure inRDké

DAS shall not cause damage to or failures of iat@nfy elements due to transient out-of-tolerance
conditions or a failure.

4.2.4.18 Flight Operation Life
This verification shall be by analysis.

The verification shall include an analysis of thelAS for the flight time duration specified ineh
requirement.

The verification shall be considered successfuly when the analysis report indicates the DFI DAS
meets all requirements for the flight time spedifie the requirement.

4.2.4.19 Calibration
This verification shall be by inspection.

The verification shall include an inspection of ElI DAS user documentation for calibration
procedures.

The verification shall be considered successfuly when the inspection report indicates the DFI DAS
user documentation includes calibration procedures.
4.2.5 Environmental Conditions

No verification required.

4.2.5.1 Natural Environments
This verification shall be verified by analysis.
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An analysis shall be performed of the DFI DAS desi show that it will meet all functional and
performance requirements within the range of emvirental conditions specified in the Exploration
Architecture Design Specification for Natural Eaviments, CxP 70023, Sections 3.1and 3.2.

Verification shall be considered successful whenahalysis shows that the DFI DAS meets all
functional and performance requirements withinrdh@ge of environmental conditions specified in the
Exploration Architecture Design Specification foatNral Environments, CxP 70023, Sections 3.1, 3.2.

4.2.5.2 Induced Environments
No verification required.

4.25.2.1 Transportation (packaged)
This verification shall be by test and inspection.

The vendor shall inspect the user documentatiosgdecifications of environmental parameters for
transportation listed in the requirement.

This verification shall be considered successiult when an inspection of the user documentation
indicates the vendor environmental specificati@ngifansportation of the DFI DAS hardware and when
the test verifications of 4.2.5.3, Qualificationst &@equirements, are successfully met.

4.2.5.2.2 Non-Operating Environment
No verification required.

4.25.2.2.1 Storage
No verification required.

4.2.5.2.2.1.1 Storage Time
This verification shall be by analysis.

An analysis shall confirm the storage life of thEIIDAS hardware.

This verification shall be successfully met whea #imalysis report indicates that the DFI DAS will
perform after the storage time of 5 years.

4.2.5.2.2.2 Non-Operating Temperature
This verification shall be by analysis.

An analysis shall confirm the storage temperattitbe DFI DAS hardware.

This verification shall be successfully met whea #imalysis report indicates that the DFI DAS will
perform after stored in the temperature range 5f~§-54°C) to 126°F (52°C).
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[Rationale: The non-operating temperature and hityrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

4.2.5.2.2.3 Non-Operating Humidity
This verification shall be by analysis.

An analysis shall confirm the storage humiditylod DFI DAS hardware.

This verification shall be successfully met whea #malysis report indicates that the DFI is fully
compatible with humidity levels up to and includi®g% relative humidity.

[Rationale: The non-operating temperature and hityrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

4.2.5.2.3 Operating Environment
No verification required.

4.2.5.2.3.1 Operating Temperature
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the thermat tesults demonstrate that the DFI DAS s fully
compatible with the flight operational temperattaage of 0°F (-18°C) to 150°F (66°C)

4.2.5.2.3.2 Operating Humidity
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakfication and Acceptance Testing
Requirements.

This verification shall be met when the verificati®sts results show that the DFI DAS is compatible
with a flight operational relative humidity of 90Bélative humidity.
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4.2.5.2.3.3 Random Vibration and Shock
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the vibratioldahock verification tests have been successfully
completed in accordance with the levels specifie@xP 72169, Ares | Vibroacoustic and Shock
Environments Data book. Section 3.1.2, Random WMdmaSection 3.2.2, Shock Environments;
Section 3.3.2, Internal Acoustic Environments.

4.2.5.2.3.4 Pressure Change
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the test resstiow that the DFI DAS is fully compatible with a
flight operational pressure change 760 Torr/1 &en(Level) to 18Torr (near vacuum).

4.2.5.2.3.5 Pressure Rate of Change
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the test resstiow that the DFI DAS is fully compatible with a
flight operational pressure rate change starting @tessure of 14 psi and decreasing in 26 sec¢orntls

psi.
4.2.5.2.3.6 Loads Analysis
This verification shall be by analysis.

The verification shall include an analysis of thelDAS design relative to launch and flight loads
derived from CxP 72169, Ares | Vibroacoustic and&hEnvironments Data book. Section 3.1.2,
Random Vibration; Section 3.2.2, Shock Environme&gestion 3.3.2, Internal Acoustic Environments
that will be encountered by the hardware.
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The verification shall be considered successfuly when the analysis report indicates the DFI DAS
can withstand launch and flight loads with a madgfined in NASA-STD-5002.

4.2.5.3 Qualification Test Requirements
This verification shall be by test and inspection.

The verification shall include testing qualificationits of the DFI DAS in accordance with
Constellation Program environmental Qualificatiowl #cceptance Testing requirements (CEQATR),
CxP 70036.

The verification shall also include inspection loé fqualification test procedures to verify each tes
encompasses the worst-case environmental cond(iimisding, but not limited to, transportation,
storage, integration, flight) seen by the DFI DAfs @0 verify compliance with Constellation Program
environmental Qualification and Acceptance Testemuirements (CEQATR), CxP 70036.

The verification shall be considered successfuély when the qualification test reports indicatd tha
DFI DAS and Workstation are in compliance with C3#036 and the inspection report indicates the
test procedures encompass the worst-case envirtadmenditions seen by the DFI DAS and the
procedures comply with CxP 70036.

4.2.5.4 Acceptance Test Requirements.
This verification shall be by test and inspection.

The verification shall include testing each DFI DASt in accordance with Constellation Program
environmental Qualification and Acceptance Testemuirements (CEQATR), CxP 70036.

The verification shall also include inspection lod iacceptance test procedures to verify compliatte
Constellation Program environmental Qualificatiowl &cceptance Testing requirements (CEQATR),
CxP 70036.

The verification shall be considered successfuly when the acceptance test reports indicate hiat t
DFI DAS and Workstation are in compliance with C3#036 and the inspection report indicates the
test procedures comply with CxP 70036.

4.2.6 Electrical Design

No verification required.

4.2.6.1 Input Power

This verification shall be by test.

The verification shall include a test of the DFI SAvith input voltages at 23VDC, 28VDC, and
36VDC.
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The verification shall be considered successfulmthe results of the test show that the DFI DAS did
not exceed 350 watts over a steady state inpuag®Iltange of 23Vdc to 36Vdc.

4.2.6.2 Input Voltage Range

This verification shall be by test, analysis, amgpection as outlined in CxP 70050-02, Constefiatio
Program Electrical Power System Specification, W@W: Electrical Power Quality Performance for
28 Vdc. The DAU provider shall be responsible tovide test plans and data to successfully meet all
the verification requirements of the Electrical RoWQuality Specifications Volume 2. Power Quality
Verification only needs to be done on one unitas pf the Qualification testing.

4.2.6.3 Short Circuit Protection
This verification shall be by analysis.

The verification shall include a fault current aiséd of the DFI DAS drawings.
The verification shall be considered successfulmihgpection of the design drawings and fault aisly

show that wire size selection and wire protectigeicks will prevent damage to DFI DAS as result of
short circuits in compliance with NASA Technical Merandum 102179.

4.2.6.4 5V Discrete Characteristics
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be téste
confirm compliance with the characteristics desdtiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 5V diseret
inputs comply with the voltage and current profiles

4.2.6.4.1 Pull Down Characteristic
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be téste
confirm compliance with the characteristics desdtiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 5V diseret
inputs are pulled down to the OFF level specifie8.2.6.4, 5V Discrete Input Characteristics, when
not connected.

4.2.6.4.2 Quantity
This verification shall be by inspection.
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The verification shall include an inspection of El DAS drawings and user documentation.

The verification shall be considered successfulnthe inspection report indicates there is a minimu
of one 5V discrete input in the DFI DAS.

4.2.6.5 28V Discrete Characteristics
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be téste
confirm compliance with the characteristics destiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 28V
discrete inputs comply with the voltage and curpaofiiles

4.2.6.5.1 Pull Down Characteristic
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be tégte
confirm compliance with the characteristics destiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 28V
discrete inputs are pulled down to the OFF levetsied in 3.2.6.4, 28V Discrete Input Characté&sst
when not connected.

4.2.6.5.2 Quantity
This verification shall be by inspection.

The verification shall include an inspection of El DAS drawings and user documentation.

The verification shall be considered successfulnthe inspection report indicates there is a minimu
of two 28V discrete input in the DFI DAS.

4.2.6.6 Electrical Bonding
This verification shall be by analysis, inspectiand test

Testing shall verify the adequacy of electrical ding processes and procedures for each bonding clas
Analysis shall verify that correct bond classesehiaeen identified and bonding paths are designed to
meet identified bonding class requirements. Inspeahall verify that proper bonding processes,
procedures, and classes have been identified dwlaae drawings and documentation. Inspection shall
also verify that hardware fabrication and instadlatmeasurements demonstrate proper electrical
bonding has been achieved.
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The verification shall be considered successfulmdech bonding joint is shown to have the correct
bonding class requirement, the fabrication andallagion procedure will result in a proper elecific
bond, and the tested bonds meet the identified btasd resistance limits in accordance with NASA-
STD-4003.

4.2.6.7 Electrical Grounding
The DFI DAS grounding shall be verified by analysml inspection.

Successful verification shall be achieved whenyaigaand inspection of drawings and installation
records shall verify conformance with CxP 72043 B8R Electromagnetic Environmental Effects (E3)
Requirements Document.

4.2.6.8 Lightning Protection
The CElI lighting protection shall be verified bg@mbination of analysis and tests.

Successful verification shall be achieved whenyaigabf lower-level component test data, and
equipment tests for immunity to damage or upsettddightning transient design levels, demonstrate
compliance with CxP 72043, ARES | Electromagnetwitbnmental Effects (E3) Requirements
Document.

4.2.6.9 Electrostatic Discharge (ESD) Protection
The verification of the DFI DAS subsystem compliandgth the ESD requirements shall be verified by
tests and analysis.

Analysis shall verify that adequate control measin@ve been incorporated into the design, such as
transient absorbing devices, series resistangaioper electrical grounding and bonding. Testirglish
verify compliance with Constellation requiremerisough exposure to standard electrostatic discharge
waveforms, either to pins, case, or a combinati@neof.

The verification shall be considered successfulmthe analysis and test results indicated thaDtFle
DAS meets the ESD protection requirements of C{B432ARES | Electromagnetic Environmental
Effects (E3) Requirements Document.

4.2.6.10 Isolation of Test Points
This verification shall be by inspection.

The DFI DAS hardware drawings shall be inspectecotdirm that the test points are isolated.
The verification shall be successful when the in§pa report shows that the DFI DAS isolates test

points and internal circuits such that a test psimart to ground does not damage the Upper Stage
Avionics hardware.
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4.2.6.11 Electronic, Electrical, Electromechanical (EEE) Parts

Verification method shall be analysis by verificatiof records.

(a) EEE Parts Control Plan data items shall beyaedlto determine what EEE parts management and
control processes are applied. (b) As-designed E&fs List data items shall be analyzed to dete&min
what EEE parts are used by design. (c) NonstarfdardApproval Requests (NSPAR) data items shall
be analyzed to determine the terms for acceptamtese of the applicable EEE parts. Grade 4 parts
will not require NSPARS. (d) EEE Parts Derating Ksis Report data items shall be analyzed to
determine what derating is achieved for the apipdioa(e) As-built EEE Parts List data items sball
analyzed to determine that only traceable appr@id parts and sources are used. Success criteria
shall be that the analyses of (a), (b), (c), (d¥l ) show compliance with CxP 72053, EEE Parts
Management and Control Plan.

4.2.6.12 Inadvertent Disconnect
This verification shall be by analysis.

The analysis of the DFI DAS hardware shall asdess€dnnectors to determine if their design predude
inadvertent disconnect.

The verification shall be considered successfulmthe analysis report indicates the DFI DAS prevent
inadvertent disconnects.

4.2.6.13 Printed Wiring Boards
This verification shall be by inspection.

The verification shall include an inspection of tEl DAS printed circuit boards and all associated
drawings including schematics and assembly drawings

The verification shall be successful when the intipa report indicates that the DFI DAS printed

circuit boards meet the design requirements of MISID-3425, Design Requirements for Rigid
Printed Circuit Boards and Assemblies and are cocisd in accordance with the Class 3 requirements
of IPC-6011, Generic Performance Specificationffanted Boards.

[Rationale: MSFC-STD-3425 is a tailoring documentiPC-2221 and IPC-2222 which specify design
requirements for printed circuit boards. The tailgmlaces further restrictions on board design to
further increase uniformity and reliability. MSF&FD-3425 is available at
https://repository.msfc.nasa.gov/docs/multiprogM8FC-STD-3425.pdf

4.2.6.14 Ignition Source Avoidance
This verification shall be by inspection.

The inspection of the design drawings shall confinmmuse of conformal coating or other means to
isolate potential ignition sources from the amb&miironment which may contain flammable gases or
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fluids. The inspection of the hardware shall aonfihat all potential ignition sources are isolaft@an
the environment.

The verification shall be considered successfulihspection of all electrical components and wgirin
show that have been conformably coated or otheriponms have been made to prevent ignition of
potentially flammable or explosives gases that Hmeen determined to be present in the unit volume.

4.2.6.15 Electromagnetic Interference
The CEI electromagnetic interference and suscéptibinall be verified by tests.

Testing shall verify that equipment and subsysteomsply with emissions and susceptibility
requirements. Verification shall be considered sasful when: 1) emissions are below limits, and 2)
equipment and subsystems are immune to interfenghea subjected to susceptibility test levels.

Successful verification shall be achieved whenrigstalidates compliance with CxP 72047, CLV
(Crew Launch Vehicle) Requirements for the ContfdElectromagnetic Interference Characteristics of
Subsystems and Equipment.

4.2.6.16 Circuit Classification
The CElI circuit classification shall be verified agalysis.

The analysis shall verify that wiring and cablirgglbeen classified according to frequency or aie/f
times, circuit impedance, circuit voltage, and wirsensitivity.

Verification shall be considered successful whermngiand cabling classifications are found to be in
accordance with the circuit classifications of Bablin CxP 72043, ARES | Electromagnetic
Environmental Effects (E3) Requirements Document.

4.2.6.17 Connector Location and Pin Function Assignments
This verification shall be by inspection.

The inspection of the DFI DAS user documentatiaadl sfonfirm the inclusion of connector locations
and pin functions.

The verification shall be considered successfulmthe DFI DAS connector location and pin function
assignments are provided.

4.2.6.18 Wire and Cable Shielding Separation and Routing
Verification of cable shielding and separation Ebalverified by inspection.
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The inspection shall verify that cabling and wirgage labeled with circuit class and separated anted
in accordance with classification requirements.

The verification shall be considered successfulmihepection of drawings and installation
documentation shows that wiring and cabling arg@erly labeled with circuit class and separated and
routed in accordance with classification requiretm@maccordance with CxP 72043, ARES |
Electromagnetic Environmental Effects (E3) Requeata Document.

4.2.6.19 Electrostatic Discharge (ESD) Controls
Electrostatic Discharge (ESD) Control shall befietiby inspection.

An inspection shall be performed to verify that qukgte control measures have been incorporated into
the (DFI DAS fabrication, assembly, testing, trarsgtion, and storage) processes such as usetiof sta
protective packaging, anti static-wrist straps, praper labeling in accordance with ANSI/ESD
S20.20-1999, ESD Association Standard for the [gwveént of an Electrostatic Discharge Control
Program.

The verification shall be considered successfulmthe inspection shows that the (DFI DAS
fabrication, assembly, testing, transportation, shadage) processes meet the requirements of an ESD
Control Program that has been set up to conforim thi guidance of ANSI/ESD S20.20-1999.

4.2.7 Structural and Mechanical
No verification required.

4.2.7.1 Materialsand Processes
This verification shall be by inspection.

Verification shall be considered successful whenvitndor of COTS components/assemblies have
made available to the procuring authority, any meteand processes information requested, down to
the manufactured parts level, for the procurindharity to verify the acceptability of materials and
processes used in construction.

Verification, by the procuring authority, of thecaptability for materials and processes used in
construction will be consistent with the requiretsenf paragraph 4.3 of USO-CLV-MP-25502.

4.2.7.2 Fracture Control
This verification shall be by analysis, inspectiand test.

The analysis of the DFI DAS as-built drawings, @auares, and reports shall assess the fractureotontr
of the design using structural analysis tools @iyams by similarity. Where applicable to the OFAS
design, inspections and tests of the hardware atdrial samples shall also be conducted in acceedan
with NASA-STD-5019 to assess the adequacy of themads, hardware, and design.
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The verification shall be considered successfulthe analysis, inspection, and test reports shew t
DFI DAS complies with the requirements of NASA-SBD19, Fracture Control Requirements for
Spaceflight Hardware.

4.2.7.3 Drawing Quality
This verification shall be by inspection.

The inspection of DFI DAS as-built drawings shalhtrm the use of drawings standards.

Verification shall be considered successful whepaation shows the DFI DAS drawings conform to
the drawing standards specified in the requirem®BNE Y14.100, Engineering Drawing Practices,
ASME Y14.24, Types and Applications of Engineeriigwings, ASME Y14.34, Associated Lists and
ASME Y14.35M-1997, Revision of Engineering Drawiragsd Associated Documents.

4.2.7.4 Cooling
This verification shall be by test and inspection.

The DFI DAS thermal test procedures as required.By6.3, Qualification Test Requirements, shall be
inspected to ensure instrumentation during theweélsteasure the outside and internal temperatdire
the DFI DAS to ensure that cooling is not requirddhe most sensitive component (with the lowest
maximum operating temperature) within the DFI DAfalsbe instrumented to determine its case
temperature.

Verification shall be considered a success whelngpection of the thermal test procedures indgate
adequate instrumentation to determine flight toechperature and adequate cooling to the most heat-
sensitive component and when the thermal testicagidns of 4.2.5.1, Qualification Test Requirensent
shall are successfully completed.

4.2.7.5 Captive Fasteners
This verification shall be by inspection.

The inspection of DFI DAS as-built drawings shalhirm the use of fasteners that meet the strukctura
requirements of the indicated specifications antficn the use of positive locking mechanisms where
possible. Chemical locking compounds may be ugsedrhall fasteners with permission.

Verification shall be considered successful whepaation shows the DFI DAS contains fasteners that
are in compliance with MSFC-STD-2594C, MSFC Fastéf@nagement & Control Practices, and
positive mechanical locking fasteners are used evpessible.

4.2.7.6 Factorsof Safety

This verification shall be by analysis.
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The analysis of the DFI DAS as-built drawings shaliess the structural integrity of the design and
guantify factors of safety in the launch environingsing structural analysis tools or analysis by
similarity.

The verification shall be considered successfulmthe analysis shows the DFI DAS complies with the
requirements of CxP 70135, CONSTELLATION PROGRAMRRIICTURAL DESIGN AND
VERIFICATION REQUIREMENTS, section 3.10.

4.2.7.7 DebrisPrevention
This verification shall be by analysis.

The analysis of the DFI DAS as-built drawings sha8iess the potential for debris generation during
pre-launch or ascent.

The verification shall be considered successfulmthe analysis shows that the DFI DAS is designed t
preclude the generation or shedding of debris dynme-launch or ascent which might jeopardize
personnel or other vehicle equipment.

4.2.7.8 Chemical Exposurein theInstrument Unit (1U)
This verification shall be by analysis.

An analysis of the Material Usage List shall bef@ened to determine the compatibility of the DFI
DAS with MMH and NTO.

Verification shall be considered successful whealyais of the material usage list (MUL) shows takht
materials which may be exposed to the atmosphevicamment are compatible with monomethyl
hydrazine (MMH) and nitrogen tetroxide (NTO) asntiied in the MAPTIS database.

4.2.7.9 LRU Interchangeability
This verification shall be by inspection.

The inspection of the DFI DAS drawings, hardware] aser documentation shall indicate the
interchangeability of each DFI DAS units with tindial production unit.

The verification shall be successful when the intpa indicates that DFI DAS are interchangeabld wi
previous DFI DAS units and the inspection of theruwdocumentation indicates the procedure for
replacing DFI DAS units.

4.2.7.10 Connector Mismating
This verification shall be by analysis.
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The analysis of the connectors on the DFI DAS ssaess the potential for mismating.

The verification shall be considered successfulmthe analysis shows that the DFI DAS connector
keying to prevents mismating.

4.2.7.11 DAU Chassis Size
This verification shall be by inspection.

The inspection shall include an inspection of alie DFI DAS drawings and user documentation and
all DAUSs.

The verification shall be considered successfuly when the inspection report indicates that allLI3A
have the same size chassisionm tolerance for each dimension.

4.2.7.12 Distributed System
This verification shall be by inspection and demaatn.

The inspection shall include a review of the agtille drawings and user documentation to confirm the
design of the DFI DAS as a multi-unit system, vatHeast two units.

The demonstration shall include operating the DABDwith a workstation and all DAUs.

The verification shall be considered successfulmthe inspection of the user documentation indgate
the design of a multi-unit DFI DAS with at leastawnits and when a demonstration of the DFI DAS
indicates each unit’s connection to the workstasoscknowledged on the user interface.

4.2.8 Product Marking

No verification required.

4.2.8.1 Identification and Marking
This verification shall be by inspection.

The production drawings shall be inspected to dater whether the drawings contain the requirement
for identification and marking methods in compliarwith MIL-STD-130, DEPARTMENT OF
DEFENSE STANDARD PRACTICE IDENTIFICATION MARKING ORJ.S. MILITARY
PROPERTY.

Verification shall be considered successful whepeaction of the drawings shows that the DFI DAS has
been manufactured with identification and markingtimds in accordance with MIL-STD-130.

4.2.8.2 ESD ldentification and Marking
This verification shall be by inspection.
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The production drawings shall be inspected to dater whether the drawings contain the requirement
for identification and marking methods in compliarwith MIL-STD-130, DEPARTMENT OF
DEFENSE STANDARD PRACTICE IDENTIFICATION MARKING ORJ.S. MILITARY
PROPERTY.

The verification shall be considered successfuéy when the inspection report indicates the DFI DAS
has been manufactured with ESD (electrostatic dige) identification and marking methods in
accordance with MIL-STD-130.

4.2.8.3 Serial Numbers
This verification shall be by inspection.

The production DFI DAS shall be inspected to detee whether it is identified by a serial number
assigned in accordance with contractor’s configonatnanagement guidelines.

The verification shall be considered successfuly when the inspection report shows that the DFI
DAS is identified by a serial number.

4.2.9 Workmanship
No verification required.

4.29.1 Soldering
This verification shall by inspection.

The inspection of DFI DAS drawings and assembhcedures and as-built process plans shall assess
the conformance to soldering requirements of J-S0DPS.

The verification shall be considered successfulmthe inspection of documentation shows that the
soldering workmanship conforms to J-STD-001DS.

4.2.9.2 Crimping
This verification shall by inspection.

The inspection of DFI DAS drawings and assemblhcedures and as-built process plans shall assess
the conformance to crimping requirements of NASAS3739.4, as tailored by MSFC-STD-2905.

The verification shall be considered successfulmthe inspection of documentation shows that the
crimping workmanship conforms to NASA-STD-8739.4 tailored by MSFC-STD-2905, MSFC
Tailoring Guide for NASA-STD-8739.4, Crimping, Imt®nnecting Cables, Harness, and Wiring.

4.2.9.3 Soldering of Surface Mount Components
This verification shall by inspection.
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The inspection of DFI DAS drawings and assembhcedures and as-built process plans shall assess
the conformance to surface mount soldering requrgsnof J-STD-001DS.

The verification shall be considered successfulmthe inspection of documentation shows that the
surface mount soldering workmanship conforms t@D-801DS, Space Applications Electronic
Hardware Addendum to J-STD-001D, Requirements @ddeSed Electrical and Electronic Assemblies.

4.2.9.4 Conformal Coating and Staking
This verification shall by inspection.

The inspection of DFI DAS drawings and assembhcedures and as-built process plans shall assess
the conformance to conformal coating and stakiggirements of J-STD-001DS, Space Applications
Electronic Hardware Addendum to J-STD-001D, Requénats for Soldered Electrical and Electronic
Assemblies.

The verification shall be considered successfulmthe inspection of documentation shows that the
conformal coating and staking workmanship confotond-STD-001DS, Space Applications Electronic
Hardware Addendum to J-STD-001D, Requirements @ddeSed Electrical and Electronic Assemblies.

4.2.9.5 Tin Whisker Mitigation
This verification shall be by inspection.

Bills of material, process plans, and procedured bk inspected to verify compliance with the tin
whisker mitigation methods in J-STD-001DS.

The verification shall be successfully met with tigpection of the as-built documentation verifiest

the DFI DAS units are manufactured using Tin Wairsiitigation methods in accordance with J-STD-
001DS, Space Applications Electronic Hardware Addemto J-STD-001D, Requirements for
Soldered Electrical and Electronic Assemblies.

4.2.10 Human Engineering

No verification required.

4.2.10.1 Human Engineering Guidelines
This verification shall be by inspection.

The inspection of the DFI DAS shall assess compdiamith NASA-STD-3000 CxP 70024
Constellation Human-Systems Integration Requirem@iSIR)
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The verification shall be considered successfulthe inspection shows that the DFI DAS meets the
human engineering guidelines of NASA-STD-3000, Mastems Integration Standards, and CxP
70024 Constellation Human-Systems Integration Remqents (HSIR).

4.2.10.2 Sharp Edges
This verification shall be by inspection.

The verification shall include an inspection of el DAS hardware and Workstation to verify sharp
edges, corners, and protrusions are broken.

The verification shall be considered successfuly when the inspection of the DFI DAS hardware and
Workstation verifies that all accessible edgesnhers, and protrusions have been broken in comglianc
with Human Factors Engineering Design Criteria, USIO/-LS-25404.

4.2.10.3 Maximum Touch Temperature
This verification shall be by test and inspectiod analysis.

The DFI DAS thermal test procedures as require8.By6.3, Qualification Test Requirements and
3.2.5.4, Acceptance Test Requirements, shall lpeated to ensure instrumentation during the tdbt wi
measure the outside and internal temperature dEHAS to ensure that cooling is not requiredh A
analysis of the test results and the flight operati ambient temperature shall be performed.

Verification shall be considered a success whelngpection of the thermal test procedures indgate
adequate instrumentation to determine flight totechperature and when the thermal test verifications
of 3.2.5.3, Qualification Test Requirements and34, Acceptance Test Requirements, show that the
maximum external touch temperature of the DFI DA#levoperating in the Upper Stage thermal
environment complies with Human Factors Engineeliegign Criteria, USO-CLV-LS-25404, section
5.13.4.6, Table X.

4.2.10.4 Minimum Touch Temperature
This verification shall be by test and inspection.

The DFI DAS thermal test procedures as required§y3, Qualification Test Requirements and
3.2.5.4, Acceptance Test Requirements, shall ipeated to ensure instrumentation during the tdbst wi
measure the outside and internal temperature dEHéAS to ensure that cooling is not required.

Verification shall be considered a success wheingpection of the thermal test procedures indgate
adequate instrumentation to determine flight toechperature and when the Environmental Conditions
verifications of 4.2.5 show that the minimum int@rtouch temperature of the DFI DAS while

operating in the Upper Stage thermal environmenipdies with Human Factors Engineering Design
Criteria, USO-CLV-LS-25404, section 5.13.4.6, TaXle
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4.2.10.5 General Safety
This verification shall be by inspection.

The verification shall include an inspection of thanuals, drawings, process plans, procedures and
hardware to determine sufficient detail to perf@msystem safety analysis of the DFI DAS

The verification shall be considered successfuély when the inspection of the DFI DAS indicates
sufficient documentation to perform a safety anslger 2.2.1, Hazard Analysis, of CxP 70059
Constellation Program (CxP) Integrated Safety,dRdily, and Quality Assurance (SR&QA)
Requirements.

4.2.10.6 Contamination Control
This verification shall be by inspection.

The verification shall include an inspection of El DAS and Workstation for cleanliness and the as
built process plans indicate cleaning of internafaces.

The verification shall be considered successfuy when the inspection report shows the DFI DAS
and Workstation are visibly clean in accordancé\WwikP 70145, Constellation Program Contamination
Control Requirements and as-built process planeatel cleaning of internal surfaces.

4.2.10.7 Box Integration for Ground Operations
This verification shall be by inspection.

The inspection of the DFI DAS design drawings aretpdures shall assess compliance with CxP
70024, Section 3.9.

The verification shall be considered successfulmthe inspection shows that the DFI DAS meets the
box integration requirements for ground operatioreccordance with Human-Systems Integration
Requirements (HSIR), CxP 70024, Section 3.9.

4.3 Packaging Requirements
This verification shall be by analysis.

An analysis of the shipping origin, route, desimat packaging, handling, and transportation dtell
performed to verify conformance with NPR 6000.1G.

This requirement shall be successfully met wheratiaysis confirms that the shipping origin, route,
destination, packaging, handling, and transpomatieet the requirements of NPR 6000.1G.
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4.3.1 Packaging Design Requirement (Structural)
This verification shall be by analysis and insp&tti

An analysis of the transportation environment db@alperformed to determine the values of the
parameters in the requirement and to determineribiection provided by the packaging. An
inspection of the user documentation shall confliendocumentation of the environmental parameter
values.

This verification shall be successfully met whea &malysis of the preservation, packaging, andipgck
conforms to the free fall flat drop, free fall cerrdrop, and sinusoidal vibration requirements tf-M
STD-2073 and NPR 6000.1G and the transportatiom@maent and when the user documentation
indicates the transportation shock and vibrationrenment.

4.3.2 Reusable Containers
This verification shall be by analysis.

If reusable containers are required, an analyst®wimercially available standard off-the-shelf, low
cost, metal or plastic containers shall be perfakme

This verification shall be successfully met whea #imalysis determines whether suitable off-thetshel
reusable containers are available if reusable gware required.

4.3.3 Monitoring Devices
This verification shall be by inspection.

The inspection of the approval-to-ship documentasioall include a description of instrumentation fo
monitoring or recording in-transit environmentgy(eshock, vibration, temperature, humidity, etc.).

The verification shall be successfully met whenBluger approves, by signature, the approval-to-ship
documentation.

4.3.4 Temporarily Installed Hardware Identification
This verification shall be by inspection.

An inspection of all temporarily installed devicgsch as caps, plugs, covers, support bracketry,
protective plates, etc., shall confirm these itamesmarked “NOT FLIGHT” or otherwise indicated as
not for flight to ensure they are easily identifi@atder casual observation.

This verification shall be successfully met whea itispection confirms temporarily installed nogtl
items are marked “NOT FLIGHT” or otherwise indicatas not for flight.

4.3.5 Marking for Shipment
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This verification shall be by inspection.

An inspection of the interior and exterior contammarkings for shipment shall be performed tofyeri
conformance with MIL-STD-130.

This verification shall be successfully met whea itspection verifies shipping markings are in
accordance with MIL-STD-130.

4.3.6 Marking for Reuse
This verification shall be by inspection.

An inspection of the markings on reusable contaiseall be performed to verify the words
“REUSABLE CONTAINER —DO NOT DESTROY — RETAIN FOR RESE” are used.

This verification shall be successfully met whea itspection verifies the markings are visible on
reusable containers.

4.3.7 NASA Critical Item Labels
This verification shall be by inspection.

An inspection of the interior and exterior contasBIASA critical item labels for shipment shall be
performed to verify conformance with MIL-STD-2078&aNPR 6000.1G.

This verification shall be successfully met whea iispection verifies that NASA critical item labealre
in accordance with MIL-STD-2073 and NPR 6000.1G.

4.3.8 Identification Format
This verification shall be by inspection.

An inspection of the interior and exterior contaiitkentification markings shall be performed toifyer
conformance with MIL-STD-2073 and NPR 6000.1G.

This verification shall be successfully met whea iispection verifies that identification markirgge in
accordance with MIL-STD-2073 and NPR 6000.1G.
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APPENDIXA  ACRONYMSAND ABBREVIATIONS

Acronyms and Abbreviations

AWG American Wire Gage

ASME American Society of Mechanical Engineers
BIT Built in Test

BITE Built in Test Equipment

C Celsius

CEl Component End Item

CEQATR Constellation Environmental Qualificatiordafscceptance Testing Requirements
CEV Crew Exploration Vehicle

CLv Crew Launch Vehicle

CxP Constellation Program

dB decibel

DAS Data Acquisition System

DAU Data Acquisition Unit

DFI Development Flight Instrumentation

DFIS Development Flight Instrumentation System
E3 Electromagnetic Environmental Effects

EDU Engineering Development Unit

ESD Electro Static Discharge

EEE Electrical, Electronic, and Electromechanical
EMC Electro Magnetic Compatibility

EOM End of Message

F Fahrenheit

FC Flight Computer

FDIR Fault Detection, Isolation, and Recovery

FU Flight Units

g gravity

EGSE Electrical Ground Support Equipment

HSIR Human-Systems Integration Requirements
Hz Hertz

IEEE Institute of Electrical & Electronics Engimeglnc.
IRIG Inter-Range Instrumentation Group (Range Camuhers Council)
ITAR International Traffic in Arms Regulations

LH2 Liquid Hydrogen

LOX Liquid Oxygen

LRU Line Replaceable Unit

MDAU Master Data Acquisition Unit

MAPTIS Materials and Processes Technical Inforrma8gstem
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Mpbs Mega Bits per Second
MMH Monomethyl Hydrazine
MTTF Mean Time To Failure
NASA National Aeronautics and Space Administration
NEDD Natural Environments Design Document
NTO Nitrogen Tetroxide
OA Organic Acid
OFlI Operational Flight Instrumentation
PCM Pulse Code Modulation
PDU Power Distribution Unit
PWB Printed Wiring Board
RDAU Remote Data Acquisition Unit
RH Relative Humidity
RMS Root Mean Square
SBU Sensitive But Unclassified
SDU Software Development Unit
SMT Surface Mounted Technology
SRU Shop Replaceable Unit
SR&QA Safety, Reliability, and Quality Assurance
TBD To Be Determined
TBR To Be Resolved
MSFC Marshall Space Flight Center
NASA National Aeronautics and Space Agency
VDC Volts Direct Current
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APPENDIX B

REQUIREMENTS

REQUIREMENTSTRACE MATRIX CEIl 3.2

Requirements Trace Matrix CEIl 3.2 Requirements

Section
No.

Requirement Section / M ethod Verification
ID Requirement |N/A|A | T |D| | ID
Title
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APPENDIX C VERIFICATION CROSSREFERENCE MATRIX 3.2
REQUIREMENTS

Verification Cross Reference Matrix 3.2 Requirements

Section EDU |Qualification{Acceptance]  Section/ Requirement Title Methods Verification
No. ID
A|T|D]I

3.1 DFI DAS Description X

3.2 DFI DAS Characteristics 4.2

3.2.1 Data Acquisition X 4.2.1
X X X Initialization to Known PCM

3.2.1.1 Frame Format X X 42.1.1

3.2.1.2 X X X Power Application Data Outpu X 4.2.1.2

3.2.1.3 X X X Power Interruption Data Outpyt X 4.2.1.3

3.2.1.4 X X X Sensor Data Acquisition X X 42.1.4

3.2.1.5 X X X PCM Data Acquisition X X 4215

3.2.1.6 X X X PCM Frame Generation X 4.2.1.6

3.2.1.7 X X X User Programmable X X 4.2.1.7

3.2.1.8 X X X Sampling and Formatting X X 42.1.8

3.2.1.9 X X X Number of Data Formats X X 4.2.1.9
X X X Format Change via Discrete

3.2.1.10 Signal X X 4.2.1.10

3.2.1.11 DAS Interface Requirements X 4.2.1.11
X X X MDAU to Telemetry System

3.2.1.11.1 Interface X 4.2.1.11.1
X X X MDAU to Telemetry System

3.2.1.11.1.1 Bit Rate X 42.1.11.1.1
X X X MDAU to Telemetry System

3.2.1.11.1.2 Impedance X 4.2.1.11.1.2
X X X MDAU to First Stage DFI

3.2.1.11.2 System Interface X 4.2.1.11.2
X X X MDAU to First Stage DFI

3.2.1.11.2.1 System Bit Rate X 4.2.1.11.2.1
X X X MDAU to First Stage DFI

3.2.1.11.2.2 System Impedance X 4.2.1.11.2.2
X X X First Stage DFI System to

3.2.1.11.3 MDAU Interface X 4.2.1.11.3
X X X First Stage DFI System to

3.2.1.11.3.1 MDAU Bit Rate X 4.2.1.11.3.1
X X X First Stage DFI System to

3.2.1.11.3.2 MDAU Impedance X 4.2.1.11.3.2

3.2.1.11.4 X X X MDAU with RDAU Interface X 4.2.1.11.4
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Section EDU |Qualification{Acceptance]  Section/ Requirement Title Methods Verification
No. ID
N|JA|T|D]|I
/
A
X X X MDAU with RDAU Interface
3.2.1.11.4.1 Distance X 4.2.1.11.4.1
3.2.1.11.5 X X X Workstation Interface X 4.2.1.11.5
3.2.1.11.6 X X X EGSE Interface X 4.2.1.11.6
3.2.1.11.7 X X X Test and Programming X 4.2.1.11.7
3.2.2 X X X Input Channels X X |4.22
3.2.2.1 X X X Input Channels Characteristicp X X 4221
3.2.2.1.1 X X Sample Rates X 4.2.21.1
3.2.2.1.2 X X A/D Resolution X 4.2.2.1.2
3.2.2.1.3 X X X Output/Sample X X 4.2.2.1.3
3.2.2.1.4 X X Excitation X 4.2.2.1.4
3.2.2.1.5 X X Signal Condition X 42215
3.2.2.1.6 X X X Accuracy X 4.2.2.1.6
3.2.2.1.7 X X Charge Amplifier X 4.2.2.1.7
3.2.2.1.8 X X Programmable Filter 4.2.2.1.8
3.2.2.1.9 X X Programmable Gains 4.2.2.1.9
X X Reference Junction
3.2.2.1.10 Compensation X 4.2.2.1.10
3.2.2.1.11 Video X 4.2.2.1.11
3.2.2.1.11.1 X X Video Format X 4.2.2.1.11.1
3.2.2.1.11.2 X X X Video Resolution X 4.2.2.1.11.2
3.2.2.1.11.3 X X X Video Frame Rate ) 4.2.2.1.11.3
3.2.2.1.11.4 X X X Video Image Compression K 4.2.2.1.11.4
3.2.3 Time X 4.2.3
3.2.3.1 X X X Receiving Time X 4.2.3.1
3.2.3.2 X X X Internal Clock X X 4.2.3.2
3.2.3.3 X X X Time Stamp of Data A 4.2.3.3
3.2.3.4 X X X Time Stamp with Accuracy X 4.2.3.4
3.2.3.5 X X X Time Stamp with Precision 4.2.35
3.2.4 Workstation Characteristics K 4.2.4
3.2.4.1 X X Workstation Computer 4.2.4.1
3.2.4.2 X X Data Channel Configuration 4.2.4.2
3.2.4.3 X X Configurable Channel Sampling Rates X 4.2.4.3
3.2.4.4 X X Configurable Channel Gain 4.2.4.4
3.2.4.5 X X Configurable Channel Offset X 4.2.4.5
3.2.4.6 X X Configurable Channel Calibration X 4.2.4.6
3.2.4.7 X X Configurable Channel Range 4.2.4.7
3.2.4.8 X X X Receiving Channel Data X X 4.2.4.8
3.2.4.9 X X X Display Data in Counts Formak 4.2.4.9
3.2.4.10 X X Display Data in Units Format 4.2.4.10
3.2.4.11 X X Display Data in Strip Chart 4.2.4.11

CHECK THE MASTER LIST VERIFY THAT THIS IS THE CORRET VERSION BEFORE USE




CLV Project/Upper Stages Element

Title: Aresl Upper Stage (US) -
DFI DAS CEI Specification

Document No.: GRC-AVI-SPEC-0001

Revision: Baseline

Effective Date: May 28, 2008

Page 75 of 77

Section EDU |Qualification{Acceptance]  Section/ Requirement Title Methods Verification
No. ID

N|A|T|DJ|I

/

A

Format

3.2.4.12 X X X Display Data with Alarms A X 4.2.4.12
3.2.4.13 X X Portability X 4.2.4.13
3.2.4.14 X X Display Parameters K X 4.2.4.14
3.2.4.15 X X X Built In Test X 4.2.4.15
3.2.4.16 X Reliability X 4.2.4.16
3.2.4.16.1 X Reliability Data X 4.2.4.16.1
3.2.4.17 X Failure Propagation 4.2.4.17
3.2.4.18 X Flight Operation Life X 4.2.4.18
3.2.4.19 X Calibration X 4.2.4.19
3.2.5 Environmental Conditions 4.2.5
3.2.5.1 X Natural Environments A 4.2.5.1
3.2.5.2 X Induced Environments 4.2.5.2
3.2.5.2.1 X Transportation (packaged) X X 42521
3.2.5.2.2 X Non-Operating Environment 4.25.2.2
3.2.5.2.2.1 X Storage X 4.2.5.2.2.1
3.2.5.2.2.1.1 X Storage Time X 4.25.2.2.1.1
3.2.5.2.2.2 X Non-Operating Temperature X 4.2.5.2.2.2
3.2.5.2.2.3 X Non-Operating Humidity X 4.2.5.2.2.3
3.2.5.2.3 X Operating Environment 4.25.2.3
3.2.5.2.3.1 X Operating Temperature X 4.2.5.2.3.1
3.2.5.2.3.2 X Operating Humidity X 4.2.5.2.3.2
3.2.5.2.3.3 X Random Vibration and Shock X 4.2.5.2.3.3
3.2.5.2.3.4 X Pressure Change X 4.2.5.2.3.4
3.2.5.2.3.5 X Pressure Rate of Change X 4.2.5.2.35
3.2.5.2.3.6 X Loads Analysis X 4.2.5.2.3.6
3.2.5.3 X Qualification Test Requirements X X 4.2.5.3
3.2.5.4 X Acceptance Test Requirements. X A 4254
3.2.6 Electrical Design X 4.2.6
3.2.6.1 X X X Input Power X 426.1
3.2.6.2 X X Input Voltage Range ) X 4.2.6.2
3.2.6.3 X X Short Circuit Protection X 4.2.6.3
3.2.6.4 X X X 5V Discrete Characteristics K 4.2.6.4
3.2.6.4.1 X X X Pull Down Characteristic ) 4.2.6.4.1
3.2.6.4.2 X X X Quantity X 4.2.6.4.2
3.2.6.5 X X X 28V Discrete Characteristics X 4.2.6.5
3.2.6.5.1 X X X Pull Down Characteristic ) 4.2.6.5.1
3.2.6.5.2 X X X Quantity X 4.2.6.5.2
3.2.6.6 X X (I, T) Electrical Bonding X X X 4.2.6.6
3.2.6.7 X Electrical Grounding X X 4.2.6.7
3.2.6.8 X Lightning Protection X X 4.2.6.8
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Section EDU |Qualification{Acceptance]  Section/ Requirement Title Methods Verification
No. ID
N|A|T|DJ|I
/
A
3.2.6.9 X Electrostatic Discharge (ESD) Protectidn X | X 4.2.6.9
3.2.6.10 X X Isolation of Test Points X 4.2.6.10
X X Electronic, Electrical, Electromechanic|
3.2.6.11 (EEE) Parts X 4.2.6.11
3.2.6.12 X X Inadvertent Disconnect 4.2.6.12
3.2.6.13 X X Printed Wiring Boards X 4.2.6.13
3.2.6.14 X Ignition Source Avoidance X 4.2.6.14
3.2.6.15 X X Electromagnetic Interference X 4.2.6.15
3.2.6.16 X Circuit Classification X 4,2.6.16
X X Connector Location and Pin Function
3.2.6.17 Assignments 4.2.6.17
X Wire and Cable Shielding Separation ahd
3.2.6.18 Routing X 4.2.6.18
3.2.6.19 X Electrostatic Discharge (ESD) Control X 4,2.6.19
3.2.7 X Structural and Mechanical K 4.2.7
3.2.7.1 X Materials and Processes X 4.2.7.1
3.2.7.2 X Fracture Control X X X 4.2.7.2
3.2.7.3 X Drawing Quality X 4.2.7.3
3.2.7.4 X Cooling X X 4.2.7.4
3.2.7.5 X X Captive Fasteners X 4.2.7.5
3.2.7.6 X Factors of Safety A 4.2.7.6
3.2.7.7 X Debris Prevention X 4.2.7.7
X Chemical Exposure in the
3.2.7.8 Instrument Unit (1U) X 4.2.7.8
3.2.7.9 X LRU Interchangeability X 4.2.7.9
3.2.7.10 X Connector Mismating A 4.2.7.10
3.2.7.11 X X X DAU Chassis Size X 4.2.7.11
4.2.7.12 X X X Distributed System A X 4.2.7.12
3.2.8 Product Marking X 4.2.8
3.2.8.1 X X Identification and Marking X 4.2.8.1
X X ESD ldentification and
3.2.8.2 Marking X 4.2.8.2
3.2.8.3 X X Serial Numbers X 4.2.8.3
3.2.9 Workmanship X 4.2.9
3.2.9.1 X X Soldering X 4.2.9.1
3.2.9.2 X X Crimping X 4.2.9.2
3.2.9.3 X X Soldering of Surface Mount Componenis X 4,2.9.3
3.2.9.4 X X Conformal Coating and Stakinlg X 4.2.9.4
3.2.9.5 X X Tin Whisker Mitigation X 4.2.9.5
3.2.10 Human Engineering X 4.2.10
3.2.10.1 X X X Human Engineering Guidelings X 4.2.10.1
3.2.10.2 X X X Sharp Edges X 4.2.10.2
3.2.10.3 X X Maximum Touch Temperaturg K K X 4.2.10.3
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3.2.10.4 X X Minimum Touch Temperature X 4.2.10.4
3.2.10.5 X General Safety X 4.2.10.5
3.2.10.6 X X Contamination Control X 4.2.10.6
X Box Integration for Ground
3.2.10.7 Operations X 4.2.10.7
3.3 X Packaging Requirements X 4.3
X Packaging Design Requiremept
3.3.1 (Structural) X X 4.3.1
3.3.2 X X Reusable Containers X 4.3.2
3.3.3 X X Monitoring Devices X 4.3.3
X X Temporarily Installed Hardware
3.3.4 Identification X 4.3.4
3.3.5 X X Marking for Shipment X 4.3.5
3.3.6 X X Marking for Reuse X 4.3.6
3.3.7 X X NASA Critical Item Labels X 4.3.7
3.3.8 X X Identification Format X 4.3.8
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1 SCOPE

This Contractor End Item Specification documentrdsf and describes the design, performance and
verification requirements for the ARES | Upper &d&pvelopment Flight Instrumentation (DFI) Data
Acquisition System (DAS).

1.1 Classfication

1.2.1 Flight Unit
A Flight Unit (FU) is equipment that must conformthis procurement specification to the fullest
extent.

[Rationale: The Flight Units shall meet all accegttesting requirements and be able to process all
discrete signals and sensor requirements listédlate 3.]

1.2.2 Qualification Unit
A Qualification Unit (QU) is a Flight Unit desigreat for qualification testing purposes and will bet
used as a flight unit due to overstressing of campts.

1.2.3 Engineering Development Unit
An Engineering Development Unit (EDU) conforms e form, fit, and function of an FU, but does
not necessarily meet the natural and induced emviemtal requirements of the FU.

[Rationale: Since NASA will just be using the DAtds development testing and evaluation, the EDUs
shall be able to acquire data from approximahaly of the discretes and sensor count for each type of
sensor listed in Table 3. It is expected thatwhiidead to an arrangement of at least two DALt t
shall be connected to one another in order to leetaltommunicate.]

1.2.4 Wording Convention
The conventions used in this document, which indeaequirements, goals, statements of
facts, rationale, and notes are as follows:

1) Shall: Used to indicate a binding requiremenictvimust be implemented and its implementation
verified, unless otherwise specified herein.

2) Should: Used to indicate a non-binding goal Wwimwst be addressed by the design but is not
formally verified.

3) Will: Used to indicate a non-binding statemehtagt and is not verified.

4) Rationale: Rationales are included for manyiregnents. The rationales are intended to
provide clarification, justification, purpose, aadsource of the requirement. It is important to
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note that the rationales are not binding and ordyige supporting information. In the event
there is an inconsistency between the requirenrehttze rationale, only the requirements will
be binding and take precedence.

5) Note: Notes are included for many requiremeidstes explain the allocation of how the
requirement was met by enforcing specific requinrgvalues from separate, but interacting
components. Notes do not contain binding lang@ageonly provide supporting information.
In the event there is an inconsistency betweemnafeirement and the note, only the
requirement will be binding and take precedence.

2 APPLICABLE DOCUMENTS

21 Genea

The following documents of the issue in effect ba tlate of invitation of bids or request for proglos
form a part of this document to the extent contiinerein.

The documents listed in this section are spedifi€giections 3 or 4 of the specification. This s&tti
does not include documents cited in other sectidmisis standard or recommended for additional
information or as examples. While every effort hasn made to ensure the completeness of this list,
document users are cautioned that they must mesgtealified requirements of documents cited in
Sections 3 or 4 of the standard, whether or not déne listed.

2.2 Applicable Government Documents

The specifications, standards, and handbooks ifeTlatfmrm a part of this document to the extent
specified herein.

Document Title Document Number Revision

Constellation Program Design Specification For IKatu CxP 70023
Environments

Human-Systems Integration Requirements (HSIR) Q27
Constellation Program environmental Qualificatiorda CxP 70036
Acceptance Testing requirements (CEQATR)

Constellation Program Electrical Power System CxP 70050-02

Specification, Volume 2: Electrical Power Quality
Performance for 28 Vdc

Constellation Program (CxP) Integrated Safety, dddlity, CxP 70059
and Quality Assurance (SR&QA) Requirements

CONSTELLATION PROGRAM STRUCTURAL DESIGN | CxP 70135
AND VERIFICATION REQUIREMENTS

Constellation Program Contamination Control Requeets| CxP 70145
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ARES | Electromagnetic Environmental Effects (E3) CxP 72043
Requirements Document

CLV (Crew Launch Vehicle) Requirements for the @oht | CxP 72047

of Electromagnetic Interference Requirements ofsgstems

and Equipment

EEE Parts Management and Control Plan CxP 72053
Ares | Vibroacoustic and Shock Environments Datakbo | CxP 72169

Design Requirements for Rigid Printed Circuit Baasshd
Assemblies

MFSC-STD-3425

Department of Defense Standard Practice Identifinat MIL-STD-130 December 17, 2007
Marking of U.S. Military Property

Standard Practice for Military Packaging MIL-STD730

MSFC Fastener Management & Control Practices MSFD-3594C

MSFC Tailoring Guide For NASA-STD-8739.4, Crimping
Interconnecting Cables, Harness, And Wiring

, MSFC-STD-2905

EEE Parts Management and Control for MSFC Spaght
Hardware

i MSFC-STD-3012

Selection of Wires and Circuit Protective Devioes3TS
Orbiter Vehicle Payload Electrical Circuits

NASA Technical

Memorandum 102179

Standard Materials and Processes Requirements for
Spacecraft

NASA-STD-(1)-6016

Man-Systems Integration Standards

NASA-STD-3000

Electrical Bonding for NASA Launch Vehicles, Spaedt
Payloads, and Flight Equipment

NASA-STD-4003

Loads analysis of spacecraft and payloads

NASA-5002

Fracture Control Requirements for Spaceflight Hanchw

NASA-STD-5019

CRIMPING, INTERCONNECTING CABLES,
HARNESSES, AND WIRING

NASA-STD-8739.4

Requirements for Packaging, Handling, and Tranagiort
for Aeronautical and Space Systems, Equipment, and
Associated Components

NPR 6000.1G

Ares | Upper StagElectrical Ground Support Equipment
(EGSE) Requirements Document

USO-CLV-DE-25135

ARES | UPPER STAGE AVIONICS & SOFTWARE
SUBSYSTEM SPECIFICATION

USO-CLV-DE-25107

Human Factors Engineering Design Criteria

USO-CLV-LS-25404

Table 1 Applicable Government Documents
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2.3 Non-Government Publications

The publications in Table 2 form a part of this dment to the extent specified herein.
Document Title Document Number Revision

ESD Association Standard for the Development of an | ANSI/ESD S20.20-1999
Electrostatic Discharge Control Program for Pratecof
Electrical and Electronic Parts, Assemblies andifgaent
(excluding Electrically Initiated Explosive Deviges

Engineering Drawing Practices ASME Y14.100
Types and Applications of Engineering Drawings ASVH.24
Associated Lists ASME Y14.34
Revision of Engineering Drawings and Associated ASME Y14.35M-1997
Documents

Generic Performance Specification for Printed Beard IPC-6011

Telemetry Standards IRIG 106

Inter Range Instrumentation Group IRIG-B
Requirements for Soldered Electrical and Electronic IPC J-STD-001D
Assemblies

Space Applications Electronic Hardware Addendurd-to | IPC J-STD-001DS
STD-001D Requirements for Soldered Electrical and
Electronic Assemblies

Table 2 Non-Government Publications

2.4 Order of Precedence

In the event of a conflict between the text of thikument and the references cited herein, theofext
this document takes precedence. Nothing in thisicheat, however, supersedes applicable laws and
regulations unless a specific exemption has betairzsal.
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3 DFI DATAACQUISITION SYSTEM (DFI DAS) REQUIREMENTS

3.1 DFI DAS Description

The Development Flight Instrumentation (DFI) Dategéisition System (DAS) is part of the Ares |
Upper Stage (US) Development Flight InstrumentaBgstem (DFIS). The purpose of the
Developmental Flight Instrumentation System (DR$Sp collect, and telemeter non-critical data that
will verify engineering models of the CLV Upper §eadesign.

The DFI DAS is a distributed system. Componenthefdistributed system that make up the DAS for
this procurement specification are a Master Dataudsition Unit (MDAU), two Remote DAUS

(RDAU) and a portable workstation. The portablekstation will interface with the DAUSs for
programming, testing and real-time evaluation oMPdata and video images. Video images will be
generated by two cameras. Both cameras will tadeowof Liquid Hydrogen (LH2) slosh activity. The
DFI DAS will be powered by the DFI Power Distribari Unit (PDU). Figure 2 shows the DFIS
Architecture.

The MDAU and RDAUSs will be mounted on the US Instent Unit (IU) and on the US Aft Skirt.
Figure 1 shows the US Sections that will house DS components. The J-2X engine program will
have an additional RDAU that will mount on the egand will interface with the DFI DAS units. The
J-2X Engine RDAU is not part of this procuremergafication.

The MDAU and RDAUs will receive sensor data frora theasurements identified in Table 3, and
generate Pulse Code Modulation (PCM) stream dake MDAU will output PCM data to the
telemetry system for downlink during the entire Dfission, approximately 10 minutes. The MDAU
will also output PCM data to a First Stage DFI releo for storage during the FS burn, until FS
separation, for approximately the initial 2 minutéglight. During the FS burn, until First Stage
separation, the MDAU will also receive PCM datanira First Stage Data Acquisition Unit and then
send that data to the telemetry system for downlink

The MDAU and RDAUs are considered to be Line Regdfte Units (LRUs). Each LRU is
replaceable at any processing facility used byAttes | vehicle.
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Interstage
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Figure1l Upper Stage Sections
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Figure2 DFI Architecture

3.2 DFI DAS Characteristics
3.2.1 DataAcquisition
3.2.1.1 Initialization to Known PCM Frame Format

Upon power application, the DFI DAS shall initigizo a selected PCM frame format configuration that
will be identified at a later date, based on thalfmeasurement list.

[Note: The PCM frame format configuration is nobkm at this time and will not be specified untiéth
final measurement list for Table 3 is determined.]

3.2.1.2 Power Application Data Output

The DFI DAS shall begin outputting data from theuhchannels within 3 seconds of power
application.
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3.2.1.3 Power Interruption Data Output
The DFI DAS shall begin outputting data from theuhchannels within 3 seconds of a power
interruption.

3.2.1.4 Sensor Data Acquisition
The DFI DAS shall acquire data from DFI sensotgdign Table 3 — Measurement Input Channels
with characteristics defined in paragraph 3.22put Channels.

3.2.1.5 PCM Data Acquisition
The DFI DAS shall receive external source PCM datafigured per IRIG 106, NRZ Class Il
Telemetry Standards.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Class Il includes bit sageeater than 10 Mbps, format changes, and otbez m
complex characteristics than Class I. IRIG 10&vailable atttp://www.irig106.0org/docs/106-0%/

3.2.1.6 PCM Frame Generation
The DFI DAS shall generate PCM frame format streefaer IRIG 106, NRZ, Class Il Telemetry
Standards from all acquired data without any nohaaga loss.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Class Il includes bit sageeater than 10 Mbps, format changes, and otbez m
complex characteristics than Class I. IRIG 10&vailable atttp://www.irig106.0org/docs/106-0%/

3.2.1.7 User Programmable
The DFI DAS configuration, with respect to chanseinpling and scheduling, shall be contained in non-
volatile memory accessible and programmable byiHee.

3.2.1.8 Sampling and Formatting
The DFI DAS shall control the sampling, gains, etffdiltering, formatting and sub-formatting.

3.2.1.9 Number of Data Formats
The DFI DAS shall have a minimum of 8 different P@&ime formats.

3.2.1.10 Format Change via Discrete Signal

The DFI DAS shall be able to change PCM formatsasdate change in a minimum of three discrete
signals as defined in section 3.2.6.4 5V Discrdtar@cteristics and 3.2.6.5 28V Discrete
Characteristics .
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3.2.1.11 DAS Interface Requirements
3.2.1.11.1MDAU to Telemetry System Interface
The DFI DAS shall use a RS-422 data interfacedndmit PCM data to the DFI Telemetry system.

3.2.1.11.1.1 MDAU to Telemetry System Bit Rate
The DFI DAS shall be capable of providing a maximitirate of 20Mbps at a distance of 40 feet.

[Rationale: A distance of 40 feet is the estimatedst-case calculated distance from the DFI DAS
MDAU to the DFI DAS Telemetry System unit located the US [U.]

3.2.1.11.1.2 MDAU to Telemetry System Impedance
The DFI DAS shall be capable of interfacing witbadle impedance of 100 ohms, + 10%.

3.2.1.11.2MDAU to First Stage DFI System Interface
The DFI DAS shall use four (4) RS-422 data integfato transmit PCM data to the First Stage DFI
System.

3.2.1.11.2.1 MDAU to First Stage DFI System Bit Rate
The DFI DAS shall be capable of providing a totabkamum bit rate of 20Mbps at a distance of 175
feet.

[Rationale: A distance of 175 feet is the estidat@rst-case calculated distance from the DFI DAS
MDAU to the First Stage recorder unit located om B% Forward Skirt.]

3.2.1.11.2.2 MDAU to First Stage DFI System Impedance
The DFI DAS shall be capable of providing an impesdaof 100 ohms, + 10%.

3.2.1.11.3First Stage DFI System to MDAU Interface
The DFI DAS shall use a RS-422 data interface tejictransmitted PCM data from the First
Stage DFI System.

3.2.1.11.3.1 First Stage DFI System to MDAU Bit Rate
The DFI DAS shall be capable of receiving a maxiniitmate of 6Mbps at a distance of 175 feet.

[Rationale: A distance of 175 feet is the estidat®rst-case calculated distance from the DFI DAS
MDAU to the First Stage DFIM unit located on the F&ward Skirt.]

3.2.1.11.3.2 First Stage DFI System to MDAU Impedance
The DFI DAS shall be capable of providing an impesgaof 100 ohms, + 10%.
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3.21.11.4MDAU with RDAU Interface
The DFI DAS data interfaces between the MDAU andRB shall be defined by the vendor.

3.2.1.11.4.1MDAU with RDAU Interface Distance
The DFI DAS data interfaces between the MDAU andARB shall transmit PCM data at a
maximum distance of 155 feet.

[Rationale: A distance of 155 feet is the estidat®rst-case calculated distance from the DFI DAS
MDAU to a unit located the farthest distance (warase) which is the RDAU located on the J-2X
Engine. Data rate maximum may be 5Mbps betweem RBAU and the MDAU. ]

3.2.1.11.5Workstation Interface
The workstation shall be capable of interfacinghwite DFI DAS during ground operations
programming, testing and real-time evaluation oMPdata.

[Note: The workstation interface may be determibgdhe vendor.]

3.2.1.11.6 EGSE Interface
All DFI DAS EGSE interfaces shall meet the requiees described in section 3.6, Interfaces, of USO-
CLV-DE-25135, The Upper Stage (US) EGSE Subsysteagiirements Document.

3.2.1.11.7Test and Programming
The DFI DAS shall provide a minimum of one port fme as a test and programming port.

3.2.2 Input Channels
The DFI DAS shall have unique input channels fer treasurements list identified in Table 3,
Measurement Input Channels.

3.2.2.1 Input Channel Characteristics
The DFI DAS input channels shall support the typesntities and data rates of all measuremengsllist
in Table 3, Measurement Input Channels, of thisicec

3.2.2.1.1 Sample Rates
The DFI DAS shall be capable of sampling all sessithe rates identified in Table 3, Measurement
Input Channels.

3.2.2.1.2 A/D Resolution
The DFI DAS shall provide A/D conversion to a resmon identified in Table 3, Measurement Input
Channels.

3.2.2.1.3 Output/Sample
The DFI DAS shall be able to output/sample per &&hlMeasurement Input Channels.

CHECK THE MASTER LIST VERIFY THAT THIS IS THE CORRET VERSION BEFORE USE



CLV Project/Upper Stages Element

Title: Ares| Upper Stage (US) - Document No.: GRC-AVI-SPEC-0001 Revision: Baseline
DFI DAS CEI Specification

Effective Date: May 28, 2008 Page 17 of 77

3.2.2.1.4 Excitation
The DFI DAS shall provide for current or voltageciation, as identified in Table 3, Measurement
Input Channels.

3.2.2.1.5 Signal Conditioning
The DFI DAS shall provide signal conditioning asntified in Table 3, Measurement Input Channels.

3.2.2.1.6 Accuracy
The DFI DAS shall have accuracy as identified ibl&e, Measurement Input Channels.

3.2.2.1.7 Charge Amplifier
The DFI DAS shall provide a Charge Amplifier capiibas identified in Table 3, Measurement Input
Channels.

3.2.2.1.8 Programmable Filter
The DFI DAS shall provide programmable filters @dentified in Table 3, Measurement Input Channels.

3.2.2.1.9 Programmable Gains
The DFI DAS shall provide for programmable gainfhwarogrammable offset for each channel as
identified in Table 3, Measurement Input Channels.

3.2.2.1.10 Reference Junction Compensation

The DFI DAS shall provide for Reference Junctiom{pensation as identified in Table 3, Measurement
Input Channels.
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Sensor / Numther of Sampling . o Signal .
Measuremext Type| Measurements Rate Resolution |OQuiput/ Sample| Excitation Condifioning Accuracy Filier Other
Programrmable Gains,
Thermocouple : +-0.8 % fill 10,001 ta 0.5Y
(Type=JKET 176 011010 112 and 16 bit soale Reference Junction
iompensation
1 { -
Pressure 256 101010k |12 and 16 bit |simultaneoys | "o v to [ mdfull bidge )\ #-0.8% Al fprogammable
0V completion soale 5 nnle
Strain Ga O e dfoll ridge [+ 0.8 % fll [programmable
o 12 10t0 250 |12 and 16 bit |simultaneous | aurest o . i
(50 triaxial) cotnpletion seale 5 pole
voltage
Calorimeter / - +H-0.8 % fidl
— 72 &0 12 and 16 bit s
viltage wp to
A/D (Current) 11 02101 |12 and 16 bit 0¥, cugrent
to 15 mé
AID (Voltage) p: 02101 |12 and 16 b Eh Al
viltage wp to
Frequency ; 1 12 and 16 bi 55V, quret s
a1 mé e
cotstart
1, 1 _ 0
Accelero meter 6 100 to5k |12 and 16 bit |simultaneous voltage md 134 mdﬁ.‘“ bridge [+ 0.8% Rl programmable Charge Amplifier
cotistart cottpletion scale 5 pole
cuttert
cotstart o .
Microphones 2 IktoSk [12 and 16 bit |simultancous |mumenpor | OLod bridge 1408 % All lprogrammable
cotnpletion seale 5 pole
viltage
3 rms AC
Position 4 250 |12 and 16 bit Excitation s
Saurce seee
Yideo i MiA |12 and 16 bit
+25 pprvt
Haz Gas 12 10 12 and 16 bit v 10 % of
reading
[Total g7
O Bit Discretes 1 1 1 bt
Two Bit Discretes 1] 1 2 bt Last update
|Discretes 0 1 March 21, 20
Total Number of 784
Measur ements:



CLV Project/Upper Stages Element

Title: Ares| Upper Stage (US) - Document No.: GRC-AVI-SPEC-0001 Revision: Baseline
DFI DAS CEI Specification

Effective Date: May 28, 2008 Page 19 of 77

3.2.2.1.11 Video
3.2.2.1.11.1 Video Format
The DFI DAS shall interface video image data vigEs{(Pro-E-Vision) or Camera Link or IEEE1394.

3.2.2.1.11.2 Video Resolution
The DFI DAS shall receive video with a resolutidrableast 640 x 480 pixels.

3.2.2.1.11.3 Video Frame Rate
The DFI DAS shall receive video with progressivarsat up to 60 frames/second and as low as 5
frames/sec.

3.2.2.1.11.4 Video Image Compression
The DFI DAS shall have an average image compresatomof approximately 20:1 to 30:1.

[Rationale: An image compression ratio of approxetya20:1 to 30:1 may be needed to fit within
system bandwidth allocations.]

3.23 Time

3.2.3.1 Recelving Time

The DFI DAS shall be able to receive time per IBBGme signal from an external source to set its
internal clock.

3.2.3.2 Internal Clock
The DFI DAS shall have an internal time circuitatow continuous time stamp of data per IRIG-106-
05, Telemetry Standards.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Chapter 4, Section 4.Culess the formatting of time words within a PCM
stream. This standard allows for 1 microsecondlugien. IRIG 106 is available at
http://www.irig106.org/docs/106-0%/

3.2.3.3 Time Stamp of Data
The DFI DAS shall time stamp each major frame p86GH106 format.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Chapter 4, Section 4.¢uless the formatting of time words within a PCM
stream. This standard allows for 1 microsecondlugien. IRIG 106 is available at
http://www.irig106.org/docs/106-0%/
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3.2.3.4 Time Stamp Accuracy
The DFI DAS shall time stamp each major frame \aithaccuracy of a minimum of 1 milisecond of the
IRIG B input time signal.

3.2.3.5 Time Stamp Precision
The DFI DAS shall time stamp each major frame \pitbcision per IRIG-106 format.

[Rationale: IRIG 106 is a comprehensive telemetanpdard to ensure interoperability in aeronautical
telemetry applications. Section 4.7 describeddahmatting of time words within a PCM stream. This
standard allows for 1 microsecond resolution. IR[® is available at
http://www.irig106.org/docs/106-05f

3.24 Workstation Characteristics
3.2.4.1 Workstation Computer
The DFI DAS Workstation shall use a Windows basadmuter.

3.2.4.2 Data Channel Configuration
The DFI DAS Workstation shall be capable of configg every data channel.

3.2.4.3 Configurable Channel Sampling Rates
The DFI DAS Workstation shall be capable of configg independent sampling rates for each data
channel.

3.2.4.4 Configurable Channel Gain
The DFI DAS Workstation shall be capable of configg the gain for each data channel.

3.2.4.5 Configurable Channel Offset
The DFI DAS Workstation shall be capable of configg the offset for each data channel.

3.2.4.6 Configurable Channel Calibration
The DFI DAS Workstation shall be capable of configg calibration information for each data channel.

3.2.4.7 Configurable Channel Range
The DFI DAS Workstation shall be capable of configgt A/D range for each data channel.

3.2.4.8 Recelving Channel Data
The DFI DAS Workstation shall be capable of recgj\sensor data from every data channel.

3.2.49 Display Datain Counts Format
The DFI DAS Workstation shall display data in caufdrmat.
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3.2.4.10 Display Data in Units Format
The DFI DAS Workstation shall display data in ereginng unit’s format.

3.2.4.11 Display Data in Strip Chart Format
The DFI DAS Workstation shall display data in silpart format.

3.2.4.12 Display Data with Alarms
The DFI DAS Workstation shall display data withreda to be uniquely configurable for each data
channel and capable of generating alarms for otaraje data.

3.2.4.13 Portability
The DFI DAS Workstation shall be portable like ptp or a portable desktop computer.

3.2.4.14 Display Parameters
The Workstation shall provide display of all DFI BAvarameters during ground operations
programming and testing.

3.2.4.15 Built In Test (BIT)
The DFI DAS Workstation shall be capable of perfiogra Built In Test (BIT) to indicate system
health.

[Rationale: BIT must indicate system power on adUzonfiguration integrity.

3.2.4.16 Rdiability
The DFI DAS shall have a Mean Time To Failure (M} BFat least 20,000 hours.

3.2.4.16.1Reliability Data

The DFI DAS vendor shall supply sufficient datastgport the reliability assessment in accordance
with section 3.1.6, Commercial of the Shelf Hardsy&oftware, of CxP 70059 Constellation
Program (CxP) Integrated Safety, Reliability, angaly Assurance (SR&QA) Requirements.

3.2.4.17 Failure Propagation
The DFI DAS shall not cause damage to or failufasterfacing elements due to transient out-of-
tolerance conditions or a failure.

3.2.4.18 Flight Operation Life

The DFI DAS shall meet flight operational perforroaror a flight time of 10 minutes per the
requirements of section 3.2, DFI DAS Charactesstic

3.2.4.19 Calibration
The DFI DAS shall provide for calibration.
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3.25 Environmental Conditions

3.25.1 Natural Environments

The DFI DAS shall meet all functional and performamequirements within the range of environmental
conditions specified in CxP 70023 ConstellationgPam Design Specification For Natural
Environments, Sections 3.1, 3.2.

3.2.5.2 Induced Environments

3.2.5.2.1 Transportation (packaged)
The DFI DAS shall meet the operating performancgirements contained herein after exposure to
transportation conditions when packaged in accaelanth the Requirements for Packaging, Handling,
and Transportation for Aeronautical and Space 8st&quipment, and Associated Components,
NPR.6000.1G. The worst-case values of the follgvaarameters will determine the vendor’s shipping
method. These values will determine qualificatiest values of section 3.2.5.3, Qualification Test
Requirements.

3.2.5.2.2 Non-Operating Environment
3.2.5.2.2.1 Storage
The DFI DAS shall be stored in a controlled envinemt.

3.25.2.2.1.1 Storage Time
The DFI DAS shall meet the operating performancgiirements contained herein after being in storage
for a period of 5 years.

3.2.5.2.2.2 Non-Operating Temperature
The DFI DAS shall be stored within a temperaturgeaof -65°F (-54°C) to 126°F (52°C)

[Rationale: The non-operating temperature and hityrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

3.2.5.2.2.3 Non-Operating Humidity
The DFI DAS shall be stored with a humidity notetaceed 90% RH.

[Rationale: The non-operating temperature and htyrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

3.2.5.2.3 Operating Environment

The DFI DAS will be used during ground operatioasiell as flight. Sections 3.2.5.2.3.1 through
3.2.5.2.3.6 cover the worst case operational gr@amadflight conditions.
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3.2.5.2.3.1 Operating Temperature
The DFI DAS shall meet all performance requiremeifitsr exposure to temperatures in the range of
0°F (-18°C) to 150°F (66°C).

3.2.5.2.3.2 Operating Humidity
The DFI DAS shall meet all performance requiremerfitsr exposure to a humidity level up to 90%
RH.

3.2.5.2.3.3Random Vibration and Shock
The DFI DAS shall satisfy all flight performancejterements after exposure to vibration and shock
environments as defined in Upper Stage sectioms €zP 72169, Ares | Vibroacoustic and Shock
Environments Data book. Section 3.1.2, Randoma¥iin; Section 3.2.2, Shock Environments;
Section 3.3.2, Internal Acoustic Environments.

3.2.5.2.3.4 Pressure Change
The DFI DAS shall be able to operate when exposedpressure change from 760 Torr/1 atm (Sea
Level) to 10° Torr (near vacuum).

3.2.5.2.3.5Pressure Rate of Change
The DFI DAS shall be able to operate when exposedpressure rate change starting at a pressure of
14 psi and decreasing in 26 seconds to 1 psi.

3.2.5.2.3.6 Loads Analysis
The DFI DAS shall comply with the requirements ASA-STD-5002 for loads analysis of spacecraft
and payloads.

3.2.5.3 Qualification Test Requirements

The DFI DAS shall successfully comply with quasiion test requirements per section 4.0 of the
Constellation Program environmental Qualificatiowl #cceptance Testing requirements (CEQATR),
CxP 70036.

[Rationale: Proof pressure, leak test are not reduas the DFI DAS is not sealed or a pressureeless
with specified leak rate. Acoustic vibration, thied gradient, plasma/arcing testing are not redume
electrical or Electronic Equipment per Table 4-LaP 70036. Corona/arcing testing is not required
voltages are below 150V per 4.15 of CxP 70036.}ygeér compatibility qualification is normally
conducted by analysis per the requirements docwdentNASA-STD-(1)-6016, per 4.18.1 of CxP
70036.]
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3.2.5.4 Acceptance Test Requirements

The DFI DAS units submitted for acceptance testinder the contract shall successfully comply with
acceptance test requirements per the ConstellRtiogram environmental Qualification and Acceptance
Testing requirements (CEQATR), CxP 70036.

[Rationale: Proof pressure, leak test are not reduas the DFI DAS is not sealed or a pressureeless
with specified leak rate. Acoustic vibration, thiad gradient, plasma/arcing testing are not redume
electrical or Electronic Equipment per Table 4-FaP 70036. Flight (acceptance) units are not
subjected to life testing, climatic testing, accafi®n testing, or sinusoidal testing per 4.11344.14,
and 4.15, respectively, of CxP 70036. Corona/arsgng is not required if voltages are below 150V
per 4.15 of CxP 70036. Oxygen compatibility tesismgot required if the maximum design pressure is
less than 265 psia per 4.18.1 of CxP 70036.]

3.2.6 Electrical Design

3.2.6.1 Input Power

The DFI DAS input power shall not exceed 350 watitsr a steady state input voltage range of 23 to
36 VDC.

3.2.6.2 Input Voltage Range
The DFI DAS shall meet the requirements of CxP 1003, Constellation Program Electrical Power
System Specification, Volume 2: Electrical Powera@dy Performance for 28 Vdc.

3.2.6.3 Short Circuit Protection
The DFI DAS shall comply with the requirements ASA Technical Memorandum 102179, Selection
of Wires and Circuit Protective Devices for STS @nbVehicle Payload Electrical Circuits.

3.2.6.45V Discrete Characteristics

The DFI DAS 5V discrete inputs shall have the felleg characteristics:
a. ON: 0.6 mA maximum sink current and 3.25VDC mimin input voltage
b. OFF: 1VDC maximum; 50A maximum sink current.

3.2.6.4.1 Pull Down Characteristic
The input shall be pulled down to the OFF voltagectied in 3.2.6.4, 5V Discrete Input
Characteristics when not connected.

3.2.6.4.2 Quantity
There shall be a minimum of one 5V discrete inputs.

3.2.6.528V Discrete Input Characteristics

The DFI DAS 28V discrete inputs shall have theolwlhg characteristics:
a. ON: 22 to 32 VDC; 100 mA maximum sink current
b. OFF: 1.0 VDC maximum, 250A maximum sink current
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3.2.6.5.1 Pull Down Characteristic
The input shall be pulled down to the OFF voltagectied in 3.2.7.5 when not connected.

3.2.6.5.2 Quantity
There shall be a minimum of two 28V discrete inputs

3.2.6.6 Electrical Bonding
The DFI DAS shall meet the electrical bonding reguents of NASA-STD-4003, Electrical
Bonding for NASA Launch Vehicles, Spacecraft, Pagle, and Flight Equipment.

[Rationale: NASA-STD-4003 is applicable as a whétlés expected that DFI DAS will require several
types of bonds. Section 6.1, Design RequiremehtSASA-STD-4003 gives guidance in this situation.
NASA-STD-4003 is available online kttp://standards.nasa.gov/released/4003/NASA-STUB4Hif

3.2.6.7 Electrical Grounding
The DFI DAS shall meet the electrical groundinguisgments of CxP 72043, ARES | Electromagnetic
Environmental Effects (E3) Requirements Document.

[Rationale: Section 3.11 Grounding of CxP 72048cates the requirements for implementing single
point grounding.]

3.2.6.8 Lightning Protection
The DFI DAS shall meet the lightning protectionuggments of CxP 72043, ARES | Electromagnetic
Environmental Effects (E3) Requirements Document.

[Rationale: Section 3.5, Lightning, of CxP 72048iaates the design requirements for lightning. The
specific environment for the DFI DAS location had been defined, a conservative design for a direct
lightning strike to the DFI DAS or indirect strikkbrough any connector on the DFI DAS should
provide adequate protection. Applicable Crew Launch

Vehicle mission segments in section 3.5 are On@aerations, Launch and Ascent. Sections

3.5.1.1, Zoning, and 3.5.1.2 Zone Lightning Envinemt, do not apply to the DFI DAS. The

DFI DAS test specifications for lightning are loedtin 3.2.6.16 Electromagnetic Interference, of thi
specification.]

3.2.6.9 Electrostatic Discharge (ESD) Protection
The DFI DAS shall meet the electrostatic dischdEfeD) protection requirements of CxP 72043,
ARES | Electromagnetic Environmental Effects (E&gRirements Document.

[Rationale: Section 3.7, Electrostatic Charge Guntf CxP 72043 specifies the design requirements
for ESD protection and refers to the Class H am$<5 requirements of NASASTD-4003. The DFI
DAS test specifications for ESD are located in@X6 Electromagnetic Interference, of this
specification.]
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3.2.6.10 Isolation of Test Points
The DFI DAS shall isolate test points and intexuauits such that a test point short to groundsdoe
not damage the Upper Stage Avionics hardware.

3.2.6.11 Electrical, Electronic, Electromechanical (EEE) Parts
The DFI DAS shall meet the requirements of MSFC-S322, EEE Parts Management and Control
for MSFC Space Flight Hardware, as tailored by €2B53, EEE Parts Management and Control Plan.

[Rationale: These documents indicate part selecaqnirements according to the criticality of the
assembly. The DFI DAS is criticality 3. ConseglierGrade 4 parts as defined in the documents are
the minimum grade allowed, however, higher gradéspaay be needed to meet the assembly level
MTTF and qualification requirements of this DFI DABecification.]

3.2.6.12 Inadvertent Disconnect
The DFI DAS shall prevent inadvertent disconnects.

3.2.6.13 Printed Wiring Boards

The DFI DAS shall meet the design requirements BEKI-STD-3425, Design Requirements for
Rigid Printed Circuit Boards and Assemblies ana@dastructed in accordance with the Class 3
requirements of IPC-6011, Generic Performance Sqetaon for Printed Boards.

[Rationale: MSFC-STD-3425 is a tailoring documentiPC-2221 and IPC-2222 which specify
design requirements for printed circuit boards. Tdlering places further restrictions on board
design to further increase uniformity and relisgili MSFC-STD-3425 is available at
https://repository.msfc.nasa.gov/docs/multiprogM8FC-STD-3425.pdf

3.2.6.14 Ignition Source Avoidance

The DFI DAS electrical components and wiring shallconformal coated or otherwise ignition-proof
to prevent ignition of potentially flammable or déogive gases/fluids existing in the Instrument Wmt
Aft Skirt locations volume.

3.2.6.15 Electromagnetic Interference

The DFI DAS shall meet the electromagnetic interiee requirements of CxP 72047, CLV
Requirements for the Control of Electromagnetietference Characteristics of Subsystems and
Equipment.

[Rationale: CxP 72047 is applicable as a wholé wit exception that only the tests specified @r-n
antenna battery powered electronic units apphéoDFI DAS. CxP 72047 is applicable to Ground
Support Equipment as stated in CxP 72043, ARE®dtEimagnetic Environmental Effects (E3)
Requirements Document, section 3.6.1.3 NDI/Comrakhl@ms used in Electrical Ground Support
Equipment.]
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3.2.6.16 Circuit Classification
The DFI DAS shall meet the electrical circuit clasation requirements of CxP 72043, ARES |
Electromagnetic Environmental Effects (E3) Requeata Document.

[Rationale: Section 3.12.1, Cable and Wire DesigrElectromagnetic Compatibility, of CxP 72043,
indicates the characteristics of signals and tassdication to which each signal type is assigned.

3.2.6.17 Connector Location and Pin Function Assignments
The DFI DAS connector location and pin functionigresients shall be provided.

3.2.6.18 Wire and Cable Shielding, Separation, and Routing
The DFI DAS shall meet the wire and cable shigldgeparation, and routing requirements of CxP
72043, ARES | Electromagnetic Environmental Effg§&3) Requirements Document.

[Rationale: Section 3.12.2, Cable and Wire DesigrElectromagnetic Compatibility, of CxP 72043,
indicates that signals of different classificatieh®uld be separated by separating wires or cables
physically, using cable trays, or shielding.]

3.2.6.19 Electrostatic Discharge (ESD) Controls

The CEI shall be produced/manufactured using ESidraots in accordance with ANSI/ESD S20.20-
1999, ESD Association Standard for the Developroéan Electrostatic Discharge Control Program
for Protection of Electrical and Electronic PaAssemblies and Equipment (excluding Electrically
Initiated Explosive Devices).

3.2.7 Structural and M echanical
3.2.7.1 Materials and Processes

Components/hardware shall meet the requirements$Saf-CLV-MP-25502 which implements the
requirements of NASA-STD-(1)-6016 for materials gmdcesses. Guidance specific to this
procurement is provided in sections a-d below.

Guidance/Rationale:

a. For COTS hardware, complete materials and psesdasformation and the Material Item Usage List
(MIUL) may not be available. If accepted by M&Ptbé procuring authority, a complete as-built
drawing package may be evaluated in lieu of an MIHawever, the information will need to be
sufficient, down to the manufactured parts level,assess the overall safety of the hardware,@nd t
verify the effect of any materials or processes @jd&ailure that will create a hazard or compromise
mission success.

b. Vendor will inform procuring authority M&P of wa insulation other than PTFE Teflon
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c. Vendor will inform procuring authority M&P of gruse of tin not containing at least 3% lead.

d. Materials used in the design will meet the flaability requirements of NASA-STD-6001. A
flammability assessment may be used to evaluattatienability of a component or assembly.
Flammability assessment and logic will be conststéth the approach provided in the in JSC 29353A,
Flammability Configuration Analysis for SpacecrAfiplications. If some minor use materials in COTS
cannot be identified, the flammability assessmelte conducted to evaluate the flammability of th
COTS hardware as an assembly.

The following are examples, but not a complete d$tareas considered in the overall acceptalaifity
COTS hardware, to assure that failure of mateaiatbprocesses used in the hardware does not ereate
hazard or compromise mission success: stress @amroscking, corrosion, adhesive failure,
contamination/FOD, materials degradation, inconlydiyi of materials with fluids or natural and

induced environments, defects from material joiningauthorized material substitution, use of pure t

3.2.7.2 Fracture Control
The DFI DAS system shall meet the fracture comeqlirements in accordance with NASA-STD-
5019, Fracture Control Requirements for Spaceflidgatdware.

3.2.7.3 Drawing Quality

The DFI DAS drawings and associated lists shafifepared in accordance with ASME Y14.100,
Engineering Drawing Practices, ASME Y14.24, Typed Applications of Engineering Drawings,
ASME Y14.34, Associated Lists and ASME Y14.35M-19B¢vision of Engineering Drawings and
Associated Documents.

[Rationale: ASME Y14.100, Engineering Drawing Ri@es, ASME Y14.24, Types and Applications
of Engineering Drawings, ASME Y14.34, Associatedtsiand ASME Y14.35M-1997, Revision of
Engineering Drawings and Associated Documents sepefreplace MIL-STD-100, D.O.D. Standard
for Engineering Drawings.]

3.2.7.4 Cooling
The DFI DAS shall not require active cooling.

3.2.7.5 Captive Fasteners
The DFI DAS shall use captive fasteners in accardavith MSFC-STD-2594C, MSFC Fastener
Management & Control Practices.

3.2.7.6 Factors of Safety

The DFI DAS shall comply with the requirements odfC70135, CONSTELLATION PROGRAM
STRUCTURAL DESIGN AND VERIFICATION REQUIREMENTS, ston 3.10.
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3.2.7.7 Debris Prevention
The DFI DAS shall be designed to preclude the gaimar or shedding of debris during pre-launch or
ascent which might jeopardize personnel or othhicleeequipment.

3.2.7.8 Chemical Exposurein the Instrument Unit (1U)

The DFI DAS materials that will be exposed to tta@spheric environment in the IU shall be selected
to be compatible with monomethyl hydrazine (MMHYanitrogen tetroxide (NTO) as identified in the
Materials and Processes Technical Information 8ysi¢APTIS) database.

[Rationale: MAPTIS is Marshall Space Flight Cefgeaingle-point source for materials properties for
NASA and NASA associated contractors and orgamnatiThe MAPTIS-II system contains physical,
mechanical and environmental properties for metatid non-metallic materials.
http://maptis.nasa.gov/index.dsp

3.2.7.9LRU Interchangeability
The DFI DAS shall have Line Replaceable Units (LRkJt are interchangeable with LRUs of the same
end item specification design within all applicabéhicle and laboratory mounting locations.

3.2.7.10 Connector Mismating
The DFI DAS shall use connector keying to prevestmating.

3.2.7.11 DAU Chassis Size
The DFI DAS shall have the same size chassis f@r/Adls.

3.2.7.12 Distributed System
The DFI DAS shall be a distributed system with aimum of two chassis boxes.

3.2.8 Product Marking

3.2.8.1 Identification and M arking

The DFI DAS shall be manufactured with identificatiand marking methods in accordance with MIL-
STD-130, DEPARTMENT OF DEFENSE STANDARD PRACTICEBDNTIFICATION MARKING
OF U.S. MILITARY PROPERTY.

3.2.8.2 ESD Identification and Marking

The DFI DAS shall be manufactured with ESD (elestatic discharge) identification and marking
methods in accordance with MIL-STD-130, DEPARTMERNF DEFENSE STANDARD PRACTICE
IDENTIFICATION MARKING OF U.S. MILITARY PROPERTY.

3.2.8.3 Serial Numbers
The DFI DAS components shall be identified by aas@umber.

3.2.9 Workmanship
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3.2.9.1 Soldering
The DFI DAS shall be manufactured in accordanch yASTD-001DS, Space Applications Electronic
Hardware Addendum to J-STD-001D, Requirements @ddeSed Electrical and Electronic Assemblies.

3.2.9.2 Crimping

The DFI DAS shall be manufactured in accordanch NASA-STD-8739.4, as tailored by MSFC-
STD-2905, MSFC Tailoring Guide for NASA-STD-8739@imping, Interconnecting Cables, Harness,
and Wiring.

3.2.9.3 Soldering of Surface Mount Components

The DFI DAS shall be manufactured with solderinghmnés for Surface Mount Technology (SMT)
components in accordance with J-STD-001DS, Spapdioapions Electronic Hardware Addendum to
J-STD-001D, Requirements for Soldered Electricdl Blectronic Assemblies.

3.2.9.4 Conformal Coating and Staking

The DFI DAS shall be manufactured with fabricat@amtrols and processes used in staking and
conformal coating of printed wiring boards and #legic assemblies in accordance with J-STD-001DS,
Space Applications Electronic Hardware Addendurd-&T'D-001D, Requirements for Soldered
Electrical and Electronic Assemblies.

3.2.9.5Tin Whisker Mitigation

The DFI DAS shall be manufactured using Tin Whidiitigation methods in accordance with J-STD-
001DS, Space Applications Electronic Hardware Addemto J-STD-001D, Requirements for
Soldered Electrical and Electronic Assemblies.

[Rationale: Section 1.5.1 and 1.5.2, J-STD-0010#c8® Applications Electronic Hardware Addendum
to J-STD-001D, Requirements for Soldered Electacal Electronic Assemblies, indicates that RoHS,
3% minimum lead (Pb) must be used.]

3.2.10 Human Engineering

3.2.10.1 Human Engineering Guidelines

The DFI DAS shall meet the human engineering gimeelof NASA-STD-3000, Man-Systems
Integration Standards, and CxP 70024Constellatimmah-Systems Integration Requirements (HSIR).

3.2.10.2 Sharp Edges
The DFI DAS shall comply with the requirements afriin Factors Engineering Design Criteria, USO-
CLV-LS-25404, to protect operators against injupni sharp edges and corners.

3.2.10.3 Maximum Touch Temperature
The DFI DAS maximum touch temperature shall meetréguirements of Human Factors
Engineering Design Criteria, USO-CLV-LS-25404, gat5.13.4.6, Table X, for surfaces that are
exposed to personnel while the Upper Stage Aviagagspment is installed and being operated.
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[Rationale: Human Factors Engineering Designe@at USO-CLV-LS-25404 refers to detailed
requirements from MIL-STD-1472F, "DOD Design CrigeBtandard, Human Engineering”, table XXI.
Values exceeding maximum limits shall be approplyaguarded.]

3.2.10.4 Minimum Touch Temperature

The DFI DAS minimum touch temperature shall meetrédguirements of Human Factors Engineering
Design Criteria, USO-CLV-LS-25404, section 5.13,408 surfaces that are exposed to personnel
while the Upper Stage Avionics equipment is insththnd being operated.

3.2.10.5 General Safety

The DFI DAS vendor shall supply sufficient drawingescuments, process plans, and procedures to
support the development of hazard analyses anddegaorts in accordance with sections 2.2.1,
Hazard Analysis, of CxP 70059 Constellation Prog(@xP) Integrated Safety, Reliability, and Quality
Assurance (SR&QA) Requirements.

[Rationale: Hazard analyses will be performed lgyPinoject at the integrated level of assembly.]

3.2.10.6 Contamination Control
The DFI DAS external and internal surfaces shattlbaned to Visibly Clean-Standard as a minimum
per the requirements in CxP 70145, Constellatimgfim Contamination Control Requirements.

3.2.10.7 Box Integration for Ground Operations
The DFI DAS shall meet the box integration requieats for ground operations in accordance with
Human-Systems Integration Requirements (HSIR), @3¢24, Section 3.9.

3.3 Packaging Requirements

The methods of preservation, packaging and packitiged for shipment together with necessary
special control during transportation shall adeglygirotect the DFI DAS from damage or degradation
of performance due to the natural and induced enments encountered during transportation and
subsequent indoor storage per NPR.6000.1G. Thereasents herein govern the preparation for
shipment and the transport of the DFI DAS to a@&uand Government facilities.

3.3.1 Packaging Design Requirement (Structural)

Preservation, packaging, and packing shall witlistae rough handling package requirements of
NPR.6000.1G as defined in accordance with thearig:

(@) Free fall flat drop

(b) Free fall corner drop

() Sinusoidal vibration

3.3.2 Reusable Containers
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Where analysis indicates a requirement for reusadainers, maximum practical utilization shall be
made of standard off-the-shelf, low cost, metgblastic containers.

3.3.3 Monitoring Devices

Utilization of instrumentation for monitoring oraerding in-transit environments (e.g., shock,
vibration, temperature, humidity, etc.) to asswafe sirrival is required and shall be approved by th
Buyer prior to implementation.

3.3.4 Temporarily Installed Hardware I dentification

All temporarily installed devices such as capsggjicovers, support bracketry, protective plates, e
shall be marked “NOT FLIGHT” or otherwise indicatasl not for flight to ensure they are easily
identified under casual observation.

3.3.5 Markingfor Shipment

Interior and exterior containers shall be markedl labeled in accordance with MIL-STD-130 including
precautionary markings necessary to ensure saf@igrsonnel and facilities and to ensure safe
handling, transport, and storage.

3.3.6 Marking for Reuse
Packages with reuse capability shall be identifitth the words “REUSABLE CONTAINER — DO
NOT DESTROY — RETAIN FOR REUSE.”

3.3.7 NASA Critical Item Labels
NASA Critical Item Labels shall be applied in acdance with MIL-STD-2073 and NPR.6000.1G.

3.3.8 ldentification Format

Identification information on the interior and esibe containers shall be in the following format IMI
STD-2073 and NPR.6000.1G.
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4 VERIFICATION

The verification program shall ensure that the DRAIS will conform to the design and performance
requirements specified in Section 3. For each &e&irequirement, there is a corresponding Sedtion
verification requirement that contains the requiats necessary to show compliance with each “shall’
statement. The verification requirement must havee parts: the method of verification, a desaipti

of the verification work to be performed, and sssceriteria that determines when the verificat®n i
complete. Non- “shall” statements will not haveeaification requirement for compliance.

This following section identifies the how, whatdanhen the requirements will be verified and the
various organizations and personnel that will cab@nd support verification.

Description

4.1.1 Verification Methods

Verification methods are the methods by which #guirements in Section 3.0 are to be verified. One
or more of the following methods will be used:

1. Test—Verification by test is the actual openatid equipment during ambient conditions or when
hardware is subjected to specified environments/&duate performance.

la. Functional Test—Functional testing is an irdiial test or series of electrical or mechanical
performance tests conducted on flight or flightf@ured hardware and/or software at conditions equa
to or less than design specifications. Its purpese establish that the system performs satisficio
accordance with design and performance specifiesitibunctional testing generally is performed at
ambient conditions. Functional testing is perforrhetbre and after each environmental test or major
move in order to verify system performance priothe next test/operation.

1b. Environmental Test—Environmental testing isralividual test or series of tests conducted on
flight or flight-configured hardware and/or softwatio assure the hardware will perform satisfactarnil
its flight environment. Environmental tests includieration, acoustic and thermal vacuum and may or
may not be combined with functional testing depegdin the objectives of the test.

2. Analysis—Verification by analysis is a processdiin lieu of or in addition to testing to verify
compliance to requirements. The selected technimagsinclude systems engineering analysis, Stgisti
and qualitative analysis, computer and hardwaralatmons, analog modeling, similarity assessment,
and verification of records.
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3. Demonstration—Verification by demonstrationhs use of actual demonstration techniques in
conjunction with requirements such as operatioadbpmance, serviceability, accessibility,
transportability, human engineering features, asplay data.

4. Inspection—Verification by inspection is the picgl evaluation of hardware and/or
documentation/drawings to verify design featuraspéction is used to verify construction features,
workmanship, dimension and physical condition, sa€lleanliness, surface finish, and locking
hardware.

4.1.2 Verification Cross Reference Matrix
A Verification Cross Reference Matrix (VCRM) is ggated to show the requirement trace and closure
methods. The VCRM is an appendix to this document.

4.1.3 Responsbility for Inspection

The manufacturer shall be responsible for the perdnce of all inspection requirements as herein and
to the requirements of the production, test, asdaction plan. The manufacturer may utilize hisiow
or any other inspection facilities and serviceseptable to the Government. The Government reserves
the right to witness or separately perform anyhefinspections set forth in the specification wisereh
inspections are deemed necessary to assure supnpliesrvices conform to prescribed requirements.

4.1.4 Test Equipment and Facilities
All test equipment shall be calibrated. Calibratgtandards shall be traceable to the Nationatuibest
of Standards.

4.15 Standard Test Conditions
The DFI DAS tests shall be performed in an open aexing a temperature of 23°+10°C, a relative
humidity 50£30%, and a barometric pressure of 1@1-P3 kilopascals (29.9 + 0.6/—6.8 Hg).

[Rationale: These ambient conditions are define@Xy 70036, Constellation Program environmental
Qualification and Acceptance Testing requireme@EQATR).]

4.1.6 Acceptance and Regjection Criteria

The DFI DAS which has passed all of the requiresiefsection 3.2.5.2 Acceptance Test
Requirements shall be accepted. Assemblies whichat accepted will be considered rejected. The
full particulars concerning rejection and the neaeg action taken to correct the defect will be enad
available to the Government inspector before redtddrof the assembly for retest.

4.1.7 Government Acceptance | nspections

The Government acceptance inspection shall be ovedin accordance with the provisions of the
contract and shall include inspections of hardwsoéware, electrical drawings, mechanical drawings
procedures, reports, and analyses used to convelefieations.

CHECK THE MASTER LIST VERIFY THAT THIS IS THE CORRET VERSION BEFORE USE



CLV Project/Upper Stages Element

Title: Ares| Upper Stage (US) - Document No.: GRC-AVI-SPEC-0001 Revision: Baseline
DFI DAS CEI Specification

Effective Date: May 28, 2008 Page 35 of 77

4.1.8 Acceptance Tests
Each assembly submitted for acceptance under titeacd shall successfully comply with acceptance
test requirements of section 3.2.5.4 Acceptanceé Heguirements.

4.19 Reliability Tests
See section 3.2.4.16 Reliability for reliabilitygrerements.

4.1.10 Environmental Tests
Verification of the qualification requirements a23%.3 Qualification Test Requirements shall be
conducted before delivery of the first acceptané¢ DAS.

4.2 DFIl DAS Characteristics

No verification required.
4.2.1 Data Acquisition
No verification required.

4.2.1.1 Initialization to Known PCM Frame Format
This verification shall be by test and inspection.

A test shall be conducted to verify that the DFI ®iAitializes to a selected PCM frame format after
power has been applied. An inspection of the deeumentation shall be conducted to verify that th
state after initialization is described in the dmemtation.

This verification shall be considered successfuliyt when the DFI DAS initializes to a selected fam
format upon application of power and user documantalescribes the initialization state.

4.2.1.2 Power Application Data Output
This verification shall be by test.

A test of the DFI DAS shall be conducted which fiesithat data collection begins within 3 seconfds o
power application.

This test shall be considered successful when oulga timestamps begin within 3 seconds of DFI
DAS power application.
4.2.1.3 Power Interruption Data Output

This verification shall be by test.

A test of the DFI DAS shall be conducted which fiesithat data collection begins within 3 seconfds o
power restoration after a power interruption.
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This test shall be considered successful when oulga timestamps begin within 3 seconds of power
restoration after a DFI DAS power interruption.

4.2.1.4 Sensor Data Acquisition
This verification shall be by test and inspection.

A test of the DFI DAS shall be conducted to vetifat the DFI DAS can acquire data from the sensors
in Table 3. The test shall include at least oms@eof each kind in Table 3. Each channel sleall b
tested. An inspection of the user documentati@ti Be conducted to verify that the DFI DAS is
compatible with each type of sensor in Table 3.

This verification shall be considered successfugnvbutput data is data is generated for each channe
and when the inspection of user documentation ate&compatibility with each type of sensor listed
Table 3.

4.2.1.5 PCM Data Acquisition
This verification shall be by test and inspection.

A test shall be conducted to verify that the DFI®Acquires external source PCM data per IRIG 106,
NRZ, Class Il Telemetry Standard. An inspectionhaf user documentation shall be conducted to
verify that the DFI DAS user documentation indicatiee procedure required to acquire external PCM
data.

This verification shall be considered successfugmvthe DFI DAS generates output from PCM data
input per IRIG 106, NRZ, Class Il Telemetry Starmtland when user documentation indicates the
procedure for acquiring PCM data.

42.1.6 PCM Frame Generation
This verification shall be by test.

A test shall be conducted to verify that the DFI®4enerates PCM data in accordance with IRIG 106,
NRZ, Class Il Telemetry Standards with no data.loss

This verification shall be considered successfugnvthe DFI DAS output conforms to IRIG 106, NRZ,
Class Il Telemetry Standards with no data loss.

4.2.1.7 User Programmable
This verification shall be by test and inspection.
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The test shall include programming the DFI DAS cleusampling and scheduling. The test shall
include objective evidence that the sampling amgdualing program resides in non-volatile memory (fo
example, the program is accessible after cyclinggmp

An inspection of the user documentation shall yeh&t a procedure for programming the DFI DAS in
non-volatile memory is included in the user docutagon.

This verification shall be considered successfulyt when the test results indicate the DFI DAS
program has been saved in non-volatile memory laadhspection of the user documentation indicates
the procedure for programming the DFI DAS into nvotatile memory.

4.2.1.8 Sampling and Formatting
This verification shall be by test and inspection.

The test shall include setting the parametersefthRl DAS indicated in the requirement; sampling,
gains, offset, filtering formatting and sub-fornmagtfor each type of channel in Table 3. The insipec
of the user documentation shall verify the proceddor setting the parameters are included in see u
documentation.

This verification shall be considered successiult when the data collected from the test of edéh D
DAS channel type listed in Table 3 indicates thatthannel parameters have been set as intended and
when the inspection verifies the procedure forrsgttip each channel is included in the user
documentation.

4.2.1.9 Number of Data Formats
This verification shall be by test and inspection.

The test shall include collecting output data miaimum of 8 different PCM frame formats. The
inspection of the user documentation shall veht tthe procedure exists for configuring the DFIDA
in a minimum of 8 different PCM frame formats.

This verification shall be considered successfulyt when the data collected from the test shows the
DFI DAS is capable of sending data in at least 8&R@me formats and when the inspection report
indicates the location of the procedure for configguthe DFI DAS in each of the 8 or more output
PCM formats.

4.2.1.10 Format Change via Discrete Signal
This verification shall be by test and inspection.

The test shall include collecting DFI DAS outputadevhile each of, a minimum of, 3 discrete inpsts i
toggled individually. The discrete signals shalldgyoduced in accordance with section 4.2.6.4, 5V
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Discrete Characteristics, and 4.2.6.5, 28V Disc@taracteristics. The inspection of the user
documentation shall verify that the user documa@mancludes a procedure for configuring the DFI
DAS for a change in output format based on theviddal change of state of a minimum of 3 discretes.

This verification shall be considered successfiulyt when the data collected from the test shows the
output format changed as a result of the individhainge in state of, a minimum of, 3 discrete iaput
as defined in section 4.2.6.4, 5V Discrete Charaties, and 4.2.6.5, 28V Discrete Characterisacsl
when the inspection report indicates the locatiothe user documentation of the procedure for
configuring the DFI DAS to change output formatdzhsn a discrete input change in state.

4.2.1.11 DAS Interface Requirements
No verification required.

4.2.1.11.1MDAU to Telemetry System Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.

This verification shall be considered successiult when the inspection report indicates that fater
to the telemetry system is an RS-422 interfaceishesipable of transmitting PCM data.

4.2.1.11.1.1 MDAU to Telemetry System Bit Rate
This verification shall be by test.

The test shall include transmitting PCM data frdve MDAU to Telemetry interface at 20Mbps
through a 40 foot shielded twisted pair cable withedance as indicated in 3.2.1.11.1.2, MDAU to
Telemetry System Impedance.

This verification shall be considered successfult when the test report indicates that the interfa

the telemetry system has successfully transmit@d Eata at 20Mbps through a 40 foot shielded

twisted pair cable with impedance as indicated 11313.1.2, MDAU to Telemetry System Impedance.
4.2.1.11.1.2 MDAU to Telemetry System Impedance

This requirement shall be verified when the veatficn of 4.2.1.11.1.1, MDAU to Telemetry System Bit

Rate, has been successfully completed.

4.2.1.11.2 MDAU to First Stage DFI System Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.
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This verification shall be considered successfulit when the inspection report indicates that this
interface from the First Stage DFI system is fa)rRS-422 interfaces that are capable of transmitti
PCM data.

4.2.1.11.2.1 MDAU to First Stage DFI System Bit Rate
This verification shall be by test.

The test shall include transmitting PCM data frdvea MDAU to First Stage DFI interface at 20Mbps
through four (4) 175 foot shielded twisted pairleabith impedance as indicated in 3.2.1.11.2.2.,
MDAU to First Stage DFI Impedance.

This verification shall be considered successfult when the test report indicates that the interfa
the First Stage DFI has successfully transmitt€Rlata at 20Mbps through four (4) 175 foot
shielded twisted pair cable with impedance as atd in 3.2.1.11.1.2, MDAU to Telemetry System
Impedance.

4.2.1.11.2.2 MDAU to First Stage DFI System Impedance
This requirement shall be verified when the veatiicn of 4.2.1.11.2.1, MDAU to First Stage DFI Bit
Rate, has been successfully completed.

4.2.1.11.3 First Stage DFI System to MDAU Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.

This verification shall be considered successfulit when the inspection report indicates that this
interface to the First Stage DFI system is twoR3)422 interfaces that are capable of transmitting
PCM data.

4.2.1.11.3.1 First Stage DFI System to MDAU Bit Rate
This verification shall be by test.

The test shall include transmitting PCM data fro@F simulator to the MDAU interface at 6Mbps
through two (2) 175 foot shielded twisted pair eablth impedance as indicated in 3.2.1.11.3.2stFir
Stage DFI System to MDAU Impedance.

This verification shall be considered successfult when the test report indicates that the interfa

the First Stage DFI has successfully transmitt€Rlata at 6Mbps through two (2) 175 foot shielded
twisted pair cable with impedance as indicated#11311.1.2, MDAU to Telemetry System Impedance.
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4.2.1.11.3.2 First Stage DFI System to MDAU Impedance
This requirement shall be verified when the veatiion of 4.2.1.11.3.1, First Stage DFI System to
MDAU Bit Rate, has been successfully completed.

4.2.1.11.4 MDAU with RDAU Interface
This requirement shall be verified when the veatiion of 4.2.1.11.4.1, MDAU with RDAU Interface
Distance, has been successfully completed.

4.2.1.11.4.1 MDAU with RDAU Interface Distance
This verification shall be by test.

The test shall include assembling the DFI DAS witich chassis interconnected with cables measuring
155 feet. The aggregate data acquisition shallibla that the throughput from the MDAU to
Telemetry Interface shall be 20Mbps.

This verification shall be considered successfullt when the test report indicates that the DFI DAS
units can acquire and output 20Mbps of data whilerconnected with 155 foot cables.

4.2.1.11.5Workstation Interface
This verification shall be by test.

The test shall include assembling the DFI DAS wiilch chassis interconnected. The aggregate data
acquisition shall be such that the throughput ftbenMDAU to Workstation Interface shall be 20Mbps.

This verification shall be considered successfullt when the test report indicates that the DFI DAS
workstation can interface with the DFI DAS for pragiming, testing and real-time evaluation of PCM
data while collecting and transmitting data at 26pisl

4.2.1.11.6 EGSE Interface
This verification shall be by inspection.

An inspection of the DFI DAS drawings and user doentation shall be performed.
This verification shall be considered successfulit when the inspection report indicates that this

interface meets the requirements described inase8tb, Interfaces, of
USO-CLV-DE-25135, Upper Stage (US) EGSE Subsystewgiirements Document.

4.2.1.11.7 Test and Programming
This verification shall be by inspection.
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An inspection of the DFI DAS drawings and user doentation shall be performed.

This verification shall be considered successiult when the inspection report indicates that thé D
DAS provides a minimum of one port for use as adad programming port.

4.2.2 Input Channels
This requirement shall be verified when the veatilcn of section 4.2.1.4, Sensor Data Acquisitisn,
successfully completed

4.2.2.1 Input Channel Characteristics
This requirement shall be verified when the veatilon of section 4.2.1.4, Sensor Data Acquisitisn,
successfully completed.

4.2.2.1.1 Sample Rates
This verification shall be by test.

The test shall include collecting DFI DAS outputalehile receiving input from a calibrated source o
each input channel. The sample rates shall b® $bbse listed in Table 3.

This verification shall be considered successfult when the data collected from the test of each
channel shows that the sample rate meets thosabie B within 1%.
4.2.2.1.2 A/D Resolution

This verification shall be by test.

The test shall include collecting DFI DAS outputalahile receiving input from a calibrated source o
each input channel.

This verification shall be considered successfiult when the data collected from the test of each
channel shows that output resolution is configuwrasl specified in Table 3 for each channel.
4.2.2.1.3 Output/Sample

This requirement shall be verified when the veatiicn of section 4.2.1.4 is successfully completed.

4.2.2.1.4 Excitation
This verification shall be by inspection.

The inspection of the DFI DAS drawings shall canfithe capability to provide constant current or
constant voltage to the sensor as required in Table
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The verification shall be considered successfulmthe inspection report shows that the DFI/DAS
includes a constant voltage excitation or constantent excitation that is compatible with the seas
in Table 3.

4.2.2.1.5 Signal Conditioning
This verification shall be by inspection.

The inspection of the DFI DAS drawings and userutiaentation shall confirm the signal conditioning
capability to meet the requirement of the sensofisable 3.

The verification shall be considered successfulmthe inspection report shows that the DFI DAS
provides signal conditioning sufficient for the sers listed in Table 3.

4.2.2.1.6 Accuracy
This verification shall be by test.

The test shall include collecting DFI DAS outputalahile receiving sensor data from each type of
sensor in Table 3.

This verification shall be considered successfult when the test results verify that the DFI DAS h
accuracy specified in Table 3.

4.2.2.1.7 Charge Amplifier
This verification shall be by inspection.

The inspection of the DFI DAS drawings and userutiaentation shall confirm the capability of the DFI
DAS to provide a Charge Amplifier as required by siensors listed in Table 3.

The verification shall be considered successfulnthe inspection report indicates the DFI DAS
provides charge amplifier capability sufficient ttve sensors listed in Table 3.
4.2.2.1.8 Programmable Filter

This verification shall be by inspection.

Inspection of the DFI DAS drawings and user docuat@n shall confirm the filtering capability ofeh
DFI DAS is sufficient to meet the filtering requinents of Table 3.

The verification shall be considered successfulmthe inspection report indicates that the DFI DAS
can provide filters sufficient to meet the filtegirequirements of Table 3.
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4.2.2.1.9 Programmable Gains
This verification shall be by inspection.

The verification shall include an inspection of El DAS drawings and user documentation to verify
that the DFI DAS is designed to configure the gaid offset for every data channel as required by th
sensor list in Table 3.

This verification shall be considered successfuliyt when the results of the inspection conclude the
DFI DAS can provide programmable gains and offsatficient for the sensor list in Table 3.

4.2.2.1.10 Reference Junction Compensation
This verification shall be by inspection.

The inspection of the DFI DAS drawings and userudaentation shall confirm the use of an internal
Reference Junction Compensation as required pde Bab

The verification shall be successfully verified whee inspection report indicates the DFI DAS
provides internal reference junction compensatidficent for the sensor list in Table 3.

4.2.2.1.11Video
No verification required.

4.2.2.1.11.1 Video Format
This verification shall be by test.

The test shall include collecting DFI DAS outputalahile receiving simulated data with one of the
video formats specified in the requirement.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive input from one of the required formats @hilaintaining the required resolution and accuracy.

4.2.2.1.11.2 Video Resolution
This verification shall be by test.

The test shall include collecting DFI DAS outputadehile receiving data with the video resolution
stated in the requirement.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive input with the resolution stated in theunsgment.

4.2.2.1.11.3 Video Frame Rate
This verification shall be by test.
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The test shall include collecting DFI DAS outputadehile receiving data with the video frame rates
stated in the requirement.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive progressive scan video with at the frartesrgpecified in the requirement.

4.2.2.1.11.4 Video Image Compression
This verification shall be by test.

The test shall include testing the image data étesited from collecting video.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
compress video at the compression rate specififteinequirement.

423 Time
No verification required.

4.2.3.1 Recelving Time
This verification shall be by test.

The verification shall include a test of the DFI ®A&ardware and its ability to receive time in IRBG-
format.

An inspection of the user documentation shall idelverifying the inclusion of procedures for recegv
time in accordance with the IRIG-B format.

This verification shall be considered successfult when the test results verify that the DFI DAS ¢
receive time in accordance with IRIG-B format amspiection of the user documentation verifies the
inclusion of procedures for receiving time in IRB3format.

4.2.3.2 Internal Clock
This verification shall be by test and inspection.

The test shall include receiving DFI DAS data freath channel type while the data is time-stamped in
accordance with IRIG-106 format.

An inspection of the user documentation shall yeh€ inclusion of procedures for time stampingheac
channel type in accordance with IRIG-106 format.

This verification shall be considered successiult when the test results verify that the DFI DAS ¢
time stamp data in accordance with IRIG-106 forfr@in each channel type and inspection of the user
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documentation verifies the inclusion of proceddoggime stamping data in accordance with IRIG-106
format

4.2.3.3 Time Stamp of Data
This verification shall be by analysis.

The verification shall include an analysis of thelDAS hardware and its ability to comply with the
time stamp precision in accordance with IRIG 1@etcode format.

This verification shall be considered successfuliyt when the results of the analysis verify that DI
DAS can time stamp data in accordance with IRIG th§6é code format.

4.2.3.4 Time Stamp with Accuracy
This verification shall be by analysis.

The verification shall include an analysis of thelDAS hardware and its ability to comply with the
time stamp accuracy requirement.

This verification shall be considered successfuliyt when the results of the analysis verify that Di-I
DAS time stamp accuracy is 1 milisecond or better.

4.2.3.5 Time Stamp with Precision
This verification shall be by analysis.

The verification shall include an analysis of thelDAS hardware and its ability to comply with the
time stamp precision in accordance with IRIG 1@etcode format.

This verification shall be considered successfuliyt when the results of the analysis verify that DI
DAS can receive time in accordance with IRIG 1@&eticode format.

4.2.4 Workstation Characteristics
No verification required.

4.2.4.1 Workstation Computer
This verification shall be by inspection.

The inspection of the user interface and user deatemion shall determine the method of interfadé wi
the DFI DAS through the workstation.

The verification shall be considered successfulmthe inspection report shows that the DFI DAS
interfaces with the workstation via a Windows-basethputer.
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4.2.4.2 Data Channd Configuration
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure every dataxnba

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure every data channel obRé DAS.

4.2.4.3 Configurable Channel Sampling Rates
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure independemipda rates for every data channel.

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure sample rates for evetg daannel of the DFI DAS.

4.2.4.4 Configurable Channel Gain
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the gain feerg data channel.

This verification shall be considered successfuliyt when the results of the inspection verify that
Workstation can configure the gain for every ddtanmel of the DFI DAS.

4.2.45 Configurable Channel Offset
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the channiskbfof every data channel.

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure the channel offset ofrgwata channel of the DFI DAS.

4.2.4.6 Configure Channel Calibration
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the calibmaiiiformation for every data channel.
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This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure the calibration inforroatfor every data channel of the DFI DAS.

4.2.4.7 Configurable Channel Range
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure the analogligptal (A/D) range of every data channel.

This verification shall be considered successfuliyt when the results of the inspection verify tihat
Workstation can configure the A/D range of everiadzhannel of the DFI DAS.

4.2.4.8 Recelving Channel Data
This verification shall be by test and inspection.

The verification shall include a test which disglalie results from input on each DFI DAS channel.

The verification shall include an inspection of iNerkstation and user documentation to verify that
Workstation is designed to configure every datannba

This verification shall be considered successfuliyt when results have been displayed on the
Workstation display from each channel and whemsgpdction of the user documentation verifies the
inclusion of procedures to receive data from eath dhannel.

4.2.4.9 Display Datain Counts Format
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation display to verify the inclusion of pligy
fields in counts on the Workstation display. Tleeification shall also include an inspection of tiser
documentation to verify the inclusion of proceduieslisplay data in counts format

This verification shall be considered successfuliyt when the results of the inspection verify that
Workstation can display data in counts and whepeioson of the user documentation shows inclusion
of procedures to display data in counts format.

4.2.4.10 Display Data in Units Format
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation display to verify the inclusion of pligy
fields in engineering units on the Workstation tigp
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The verification shall also include an inspectidnihe user documentation to verify the inclusidn o
procedures to display data in engineering units.

This verification shall be considered successfuliyt when the results of the inspection verify that
Workstation can display data in engineering unii$ &@hen inspection of the user documentation shows
inclusion of procedures to display data in engingeunits.

4.2.4.11 Display Datain Strip Chart Format
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation to verify the inclusion of strip chart
output capability in the Workstation.

The verification shall also include an inspectidrihe user documentation to verify the inclusidn o
procedures to display data on strip charts.

This verification shall be considered successfuliyt when the results of the inspection verify that

Workstation can display data on strip charts andnwhspection of the user documentation shows
inclusion of procedures to display data on strigrth

4.2.4.12 Display Data with Alarms
This verification shall be by test and inspection.

The test shall include collecting DFI DAS simulatiata from each type of channel and forcing the
simulated data out of programmed ranges.

The verification shall also include an inspectidrihe user documentation to verify the inclusidn o
procedures for detecting out of range alarms farafwange data.

This verification shall be considered successfult when out of range input data activates alamns o
the Workstation and when inspection of the useud@ntation shows inclusion of procedures to detect
alarms.

4.2.4.13 Portability
This verification shall be by inspection.

The verification shall include an inspection of iNerkstation and packing and setup procedures.
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The verification shall be considered successfuély when the inspection of the Workstation and
packing and setup procedures show that the DFI D/&Sstation is portable by a single ground crew
member; like a laptop or desktop computer.

4.2.4.14 Display Parameters
This verification shall be by test and inspection.

The test shall include collecting DFI DAS simulatiata from each type of channel and recording the
channel parameters.

The verification shall also include an inspectidnihe user documentation to verify the inclusidén o
procedures for displaying DFI DAS parameters.

This verification shall be considered successiult when channel parameters are displayed on the
Workstation and when inspection of the user doctiatiem shows inclusion of procedures to display
channel parameters.

4.2.4.15 Built In Test (BIT)
This verification shall be by test.

A Built In Test shall be performed in several cgofiations, not less than 3 different configurations
which the Built In Test can detect and report.

The verification shall be considered successfulmthe Built In Test status reports accurate stitus
each configuration of the test.

4.2.4.16 Rdiability
This verification shall be by analysis.

The verification shall include a reliability anatysf the DFI DAS hardware.
The verification shall be considered successfuély when the reliability analysis report shows et
DFI DAS meets or exceeds the minimum MTTF listethi requirement.

4.2.4.16.1 Reliability Data

This verification shall be by inspection.

The verification shall include an inspection of ttedivered documentation to ensure that data injputs
the reliability analysis are included with the detied data package.
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The verification shall be considered successfuély when the inspection shows that the delivered dat
package includes the data inputs for the religlalitalysis.

4.2.4.17 Failure Propagation
This verification shall be by analysis.

The analysis of the DFI DAS design shall show #rat failure in the DFI DAS shall not propagate from
the DFI DAS.

The verification shall be considered successfulmthe analysis report shows that the failure inRDké

DAS shall not cause damage to or failures of iat@nfy elements due to transient out-of-tolerance
conditions or a failure.

4.2.4.18 Flight Operation Life
This verification shall be by analysis.

The verification shall include an analysis of thelAS for the flight time duration specified ineh
requirement.

The verification shall be considered successfuly when the analysis report indicates the DFI DAS
meets all requirements for the flight time spedifie the requirement.

4.2.4.19 Calibration
This verification shall be by inspection.

The verification shall include an inspection of ElI DAS user documentation for calibration
procedures.

The verification shall be considered successfuly when the inspection report indicates the DFI DAS
user documentation includes calibration procedures.
4.2.5 Environmental Conditions

No verification required.

4.2.5.1 Natural Environments
This verification shall be verified by analysis.
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An analysis shall be performed of the DFI DAS desi show that it will meet all functional and
performance requirements within the range of emvirental conditions specified in the Exploration
Architecture Design Specification for Natural Eaviments, CxP 70023, Sections 3.1and 3.2.

Verification shall be considered successful whenahalysis shows that the DFI DAS meets all
functional and performance requirements withinrdh@ge of environmental conditions specified in the
Exploration Architecture Design Specification foatNral Environments, CxP 70023, Sections 3.1, 3.2.

4.2.5.2 Induced Environments
No verification required.

4.25.2.1 Transportation (packaged)
This verification shall be by test and inspection.

The vendor shall inspect the user documentatiosgdecifications of environmental parameters for
transportation listed in the requirement.

This verification shall be considered successiult when an inspection of the user documentation
indicates the vendor environmental specificati@ngifansportation of the DFI DAS hardware and when
the test verifications of 4.2.5.3, Qualificationst &@equirements, are successfully met.

4.2.5.2.2 Non-Operating Environment
No verification required.

4.25.2.2.1 Storage
No verification required.

4.2.5.2.2.1.1 Storage Time
This verification shall be by analysis.

An analysis shall confirm the storage life of thEIIDAS hardware.

This verification shall be successfully met whea #imalysis report indicates that the DFI DAS will
perform after the storage time of 5 years.

4.2.5.2.2.2 Non-Operating Temperature
This verification shall be by analysis.

An analysis shall confirm the storage temperattitbe DFI DAS hardware.

This verification shall be successfully met whea #imalysis report indicates that the DFI DAS will
perform after stored in the temperature range 5f~§-54°C) to 126°F (52°C).
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[Rationale: The non-operating temperature and hityrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

4.2.5.2.2.3 Non-Operating Humidity
This verification shall be by analysis.

An analysis shall confirm the storage humiditylod DFI DAS hardware.

This verification shall be successfully met whea #malysis report indicates that the DFI is fully
compatible with humidity levels up to and includi®g% relative humidity.

[Rationale: The non-operating temperature and hityrednditions cover worst case for storage,
transport, and roll-out. Purge will not be prowde control temperature and humidity except during
rollout. The non-operating conditions specifiedabdare currently thought to represent worst cade a
are representative of transport environments asvared barge.]

4.2.5.2.3 Operating Environment
No verification required.

4.2.5.2.3.1 Operating Temperature
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the thermat tesults demonstrate that the DFI DAS s fully
compatible with the flight operational temperattaage of 0°F (-18°C) to 150°F (66°C)

4.2.5.2.3.2 Operating Humidity
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakfication and Acceptance Testing
Requirements.

This verification shall be met when the verificati®sts results show that the DFI DAS is compatible
with a flight operational relative humidity of 90Bélative humidity.
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4.2.5.2.3.3 Random Vibration and Shock
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the vibratioldahock verification tests have been successfully
completed in accordance with the levels specifie@xP 72169, Ares | Vibroacoustic and Shock
Environments Data book. Section 3.1.2, Random WMdmaSection 3.2.2, Shock Environments;
Section 3.3.2, Internal Acoustic Environments.

4.2.5.2.3.4 Pressure Change
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the test resstiow that the DFI DAS is fully compatible with a
flight operational pressure change 760 Torr/1 &en(Level) to 18Torr (near vacuum).

4.2.5.2.3.5 Pressure Rate of Change
This verification shall be by test.

These tests shall be implemented in accordancethatijualification and acceptance test requirements
of CxP 70036, Constellation Program Environmentakflcation and Acceptance Testing
Requirements.

This verification shall be met when the test resstiow that the DFI DAS is fully compatible with a
flight operational pressure rate change starting @tessure of 14 psi and decreasing in 26 sec¢orntls

psi.
4.2.5.2.3.6 Loads Analysis
This verification shall be by analysis.

The verification shall include an analysis of thelDAS design relative to launch and flight loads
derived from CxP 72169, Ares | Vibroacoustic and&hEnvironments Data book. Section 3.1.2,
Random Vibration; Section 3.2.2, Shock Environme&gestion 3.3.2, Internal Acoustic Environments
that will be encountered by the hardware.
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The verification shall be considered successfuly when the analysis report indicates the DFI DAS
can withstand launch and flight loads with a madgfined in NASA-STD-5002.

4.2.5.3 Qualification Test Requirements
This verification shall be by test and inspection.

The verification shall include testing qualificationits of the DFI DAS in accordance with
Constellation Program environmental Qualificatiowl #cceptance Testing requirements (CEQATR),
CxP 70036.

The verification shall also include inspection loé fqualification test procedures to verify each tes
encompasses the worst-case environmental cond(iimisding, but not limited to, transportation,
storage, integration, flight) seen by the DFI DAfs @0 verify compliance with Constellation Program
environmental Qualification and Acceptance Testemuirements (CEQATR), CxP 70036.

The verification shall be considered successfuély when the qualification test reports indicatd tha
DFI DAS and Workstation are in compliance with C3#036 and the inspection report indicates the
test procedures encompass the worst-case envirtadmenditions seen by the DFI DAS and the
procedures comply with CxP 70036.

4.2.5.4 Acceptance Test Requirements.
This verification shall be by test and inspection.

The verification shall include testing each DFI DASt in accordance with Constellation Program
environmental Qualification and Acceptance Testemuirements (CEQATR), CxP 70036.

The verification shall also include inspection lod iacceptance test procedures to verify compliatte
Constellation Program environmental Qualificatiowl &cceptance Testing requirements (CEQATR),
CxP 70036.

The verification shall be considered successfuly when the acceptance test reports indicate hiat t
DFI DAS and Workstation are in compliance with C3#036 and the inspection report indicates the
test procedures comply with CxP 70036.

4.2.6 Electrical Design

No verification required.

4.2.6.1 Input Power

This verification shall be by test.

The verification shall include a test of the DFI SAvith input voltages at 23VDC, 28VDC, and
36VDC.
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The verification shall be considered successfulmthe results of the test show that the DFI DAS did
not exceed 350 watts over a steady state inpuag®Iltange of 23Vdc to 36Vdc.

4.2.6.2 Input Voltage Range

This verification shall be by test, analysis, amgpection as outlined in CxP 70050-02, Constefiatio
Program Electrical Power System Specification, W@W: Electrical Power Quality Performance for
28 Vdc. The DAU provider shall be responsible tovide test plans and data to successfully meet all
the verification requirements of the Electrical RoWQuality Specifications Volume 2. Power Quality
Verification only needs to be done on one unitas pf the Qualification testing.

4.2.6.3 Short Circuit Protection
This verification shall be by analysis.

The verification shall include a fault current aiséd of the DFI DAS drawings.
The verification shall be considered successfulmihgpection of the design drawings and fault aisly

show that wire size selection and wire protectigeicks will prevent damage to DFI DAS as result of
short circuits in compliance with NASA Technical Merandum 102179.

4.2.6.4 5V Discrete Characteristics
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be téste
confirm compliance with the characteristics desdtiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 5V diseret
inputs comply with the voltage and current profiles

4.2.6.4.1 Pull Down Characteristic
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be téste
confirm compliance with the characteristics desdtiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 5V diseret
inputs are pulled down to the OFF level specifie8.2.6.4, 5V Discrete Input Characteristics, when
not connected.

4.2.6.4.2 Quantity
This verification shall be by inspection.
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The verification shall include an inspection of El DAS drawings and user documentation.

The verification shall be considered successfulnthe inspection report indicates there is a minimu
of one 5V discrete input in the DFI DAS.

4.2.6.5 28V Discrete Characteristics
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be téste
confirm compliance with the characteristics destiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 28V
discrete inputs comply with the voltage and curpaofiiles

4.2.6.5.1 Pull Down Characteristic
This verification shall be by test.

The verification shall include a test of the DFI ®Arawings. Discrete input circuits shall be tégte
confirm compliance with the characteristics destiim the requirement.

The verification shall be considered successfulmthe test report shows that the DFI DAS 28V
discrete inputs are pulled down to the OFF levetsied in 3.2.6.4, 28V Discrete Input Characté&sst
when not connected.

4.2.6.5.2 Quantity
This verification shall be by inspection.

The verification shall include an inspection of El DAS drawings and user documentation.

The verification shall be considered successfulnthe inspection report indicates there is a minimu
of two 28V discrete input in the DFI DAS.

4.2.6.6 Electrical Bonding
This verification shall be by analysis, inspectiand test

Testing shall verify the adequacy of electrical ding processes and procedures for each bonding clas
Analysis shall verify that correct bond classesehiaeen identified and bonding paths are designed to
meet identified bonding class requirements. Inspeahall verify that proper bonding processes,
procedures, and classes have been identified dwlaae drawings and documentation. Inspection shall
also verify that hardware fabrication and instadlatmeasurements demonstrate proper electrical
bonding has been achieved.
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The verification shall be considered successfulmdech bonding joint is shown to have the correct
bonding class requirement, the fabrication andallagion procedure will result in a proper elecific
bond, and the tested bonds meet the identified btasd resistance limits in accordance with NASA-
STD-4003.

4.2.6.7 Electrical Grounding
The DFI DAS grounding shall be verified by analysml inspection.

Successful verification shall be achieved whenyaigaand inspection of drawings and installation
records shall verify conformance with CxP 72043 B8R Electromagnetic Environmental Effects (E3)
Requirements Document.

4.2.6.8 Lightning Protection
The CElI lighting protection shall be verified bg@mbination of analysis and tests.

Successful verification shall be achieved whenyaigabf lower-level component test data, and
equipment tests for immunity to damage or upsettddightning transient design levels, demonstrate
compliance with CxP 72043, ARES | Electromagnetwitbnmental Effects (E3) Requirements
Document.

4.2.6.9 Electrostatic Discharge (ESD) Protection
The verification of the DFI DAS subsystem compliandgth the ESD requirements shall be verified by
tests and analysis.

Analysis shall verify that adequate control measin@ve been incorporated into the design, such as
transient absorbing devices, series resistangaioper electrical grounding and bonding. Testirglish
verify compliance with Constellation requiremerisough exposure to standard electrostatic discharge
waveforms, either to pins, case, or a combinati@neof.

The verification shall be considered successfulmthe analysis and test results indicated thaDtFle
DAS meets the ESD protection requirements of C{B432ARES | Electromagnetic Environmental
Effects (E3) Requirements Document.

4.2.6.10 Isolation of Test Points
This verification shall be by inspection.

The DFI DAS hardware drawings shall be inspectecotdirm that the test points are isolated.
The verification shall be successful when the in§pa report shows that the DFI DAS isolates test

points and internal circuits such that a test psimart to ground does not damage the Upper Stage
Avionics hardware.

CHECK THE MASTER LIST VERIFY THAT THIS IS THE CORRET VERSION BEFORE USE



CLV Project/Upper Stages Element

Title: Ares| Upper Stage (US) - Document No.: GRC-AVI-SPEC-0001 Revision: Baseline
DFI DAS CEI Specification

Effective Date: May 28, 2008 Page 58 of 77

4.2.6.11 Electronic, Electrical, Electromechanical (EEE) Parts

Verification method shall be analysis by verificatiof records.

(a) EEE Parts Control Plan data items shall beyaedlto determine what EEE parts management and
control processes are applied. (b) As-designed E&fs List data items shall be analyzed to dete&min
what EEE parts are used by design. (c) NonstarfdardApproval Requests (NSPAR) data items shall
be analyzed to determine the terms for acceptamtese of the applicable EEE parts. Grade 4 parts
will not require NSPARS. (d) EEE Parts Derating Ksis Report data items shall be analyzed to
determine what derating is achieved for the apipdioa(e) As-built EEE Parts List data items sball
analyzed to determine that only traceable appr@id parts and sources are used. Success criteria
shall be that the analyses of (a), (b), (c), (d¥l ) show compliance with CxP 72053, EEE Parts
Management and Control Plan.

4.2.6.12 Inadvertent Disconnect
This verification shall be by analysis.

The analysis of the DFI DAS hardware shall asdess€dnnectors to determine if their design predude
inadvertent disconnect.

The verification shall be considered successfulmthe analysis report indicates the DFI DAS prevent
inadvertent disconnects.

4.2.6.13 Printed Wiring Boards
This verification shall be by inspection.

The verification shall include an inspection of tEl DAS printed circuit boards and all associated
drawings including schematics and assembly drawings

The verification shall be successful when the intipa report indicates that the DFI DAS printed

circuit boards meet the design requirements of MISID-3425, Design Requirements for Rigid
Printed Circuit Boards and Assemblies and are cocisd in accordance with the Class 3 requirements
of IPC-6011, Generic Performance Specificationffanted Boards.

[Rationale: MSFC-STD-3425 is a tailoring documentiPC-2221 and IPC-2222 which specify design
requirements for printed circuit boards. The tailgmlaces further restrictions on board design to
further increase uniformity and reliability. MSF&FD-3425 is available at
https://repository.msfc.nasa.gov/docs/multiprogM8FC-STD-3425.pdf

4.2.6.14 Ignition Source Avoidance
This verification shall be by inspection.

The inspection of the design drawings shall confinmmuse of conformal coating or other means to
isolate potential ignition sources from the amb&miironment which may contain flammable gases or
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fluids. The inspection of the hardware shall aonfihat all potential ignition sources are isolaft@an
the environment.

The verification shall be considered successfulihspection of all electrical components and wgirin
show that have been conformably coated or otheriponms have been made to prevent ignition of
potentially flammable or explosives gases that Hmeen determined to be present in the unit volume.

4.2.6.15 Electromagnetic Interference
The CEI electromagnetic interference and suscéptibinall be verified by tests.

Testing shall verify that equipment and subsysteomsply with emissions and susceptibility
requirements. Verification shall be considered sasful when: 1) emissions are below limits, and 2)
equipment and subsystems are immune to interfenghea subjected to susceptibility test levels.

Successful verification shall be achieved whenrigstalidates compliance with CxP 72047, CLV
(Crew Launch Vehicle) Requirements for the ContfdElectromagnetic Interference Characteristics of
Subsystems and Equipment.

4.2.6.16 Circuit Classification
The CElI circuit classification shall be verified agalysis.

The analysis shall verify that wiring and cablirgglbeen classified according to frequency or aie/f
times, circuit impedance, circuit voltage, and wirsensitivity.

Verification shall be considered successful whermngiand cabling classifications are found to be in
accordance with the circuit classifications of Bablin CxP 72043, ARES | Electromagnetic
Environmental Effects (E3) Requirements Document.

4.2.6.17 Connector Location and Pin Function Assignments
This verification shall be by inspection.

The inspection of the DFI DAS user documentatiaadl sfonfirm the inclusion of connector locations
and pin functions.

The verification shall be considered successfulmthe DFI DAS connector location and pin function
assignments are provided.

4.2.6.18 Wire and Cable Shielding Separation and Routing
Verification of cable shielding and separation Ebalverified by inspection.
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The inspection shall verify that cabling and wirgage labeled with circuit class and separated anted
in accordance with classification requirements.

The verification shall be considered successfulmihepection of drawings and installation
documentation shows that wiring and cabling arg@erly labeled with circuit class and separated and
routed in accordance with classification requiretm@maccordance with CxP 72043, ARES |
Electromagnetic Environmental Effects (E3) Requeata Document.

4.2.6.19 Electrostatic Discharge (ESD) Controls
Electrostatic Discharge (ESD) Control shall befietiby inspection.

An inspection shall be performed to verify that qukgte control measures have been incorporated into
the (DFI DAS fabrication, assembly, testing, trarsgtion, and storage) processes such as usetiof sta
protective packaging, anti static-wrist straps, praper labeling in accordance with ANSI/ESD
S20.20-1999, ESD Association Standard for the [gwveént of an Electrostatic Discharge Control
Program.

The verification shall be considered successfulmthe inspection shows that the (DFI DAS
fabrication, assembly, testing, transportation, shadage) processes meet the requirements of an ESD
Control Program that has been set up to conforim thi guidance of ANSI/ESD S20.20-1999.

4.2.7 Structural and Mechanical
No verification required.

4.2.7.1 Materialsand Processes
This verification shall be by inspection.

Verification shall be considered successful whenvitndor of COTS components/assemblies have
made available to the procuring authority, any meteand processes information requested, down to
the manufactured parts level, for the procurindharity to verify the acceptability of materials and
processes used in construction.

Verification, by the procuring authority, of thecaptability for materials and processes used in
construction will be consistent with the requiretsenf paragraph 4.3 of USO-CLV-MP-25502.

4.2.7.2 Fracture Control
This verification shall be by analysis, inspectiand test.

The analysis of the DFI DAS as-built drawings, @auares, and reports shall assess the fractureotontr
of the design using structural analysis tools @iyams by similarity. Where applicable to the OFAS
design, inspections and tests of the hardware atdrial samples shall also be conducted in acceedan
with NASA-STD-5019 to assess the adequacy of themads, hardware, and design.
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The verification shall be considered successfulthe analysis, inspection, and test reports shew t
DFI DAS complies with the requirements of NASA-SBD19, Fracture Control Requirements for
Spaceflight Hardware.

4.2.7.3 Drawing Quality
This verification shall be by inspection.

The inspection of DFI DAS as-built drawings shalhtrm the use of drawings standards.

Verification shall be considered successful whepaation shows the DFI DAS drawings conform to
the drawing standards specified in the requirem®BNE Y14.100, Engineering Drawing Practices,
ASME Y14.24, Types and Applications of Engineeriigwings, ASME Y14.34, Associated Lists and
ASME Y14.35M-1997, Revision of Engineering Drawiragsd Associated Documents.

4.2.7.4 Cooling
This verification shall be by test and inspection.

The DFI DAS thermal test procedures as required.By6.3, Qualification Test Requirements, shall be
inspected to ensure instrumentation during theweélsteasure the outside and internal temperatdire
the DFI DAS to ensure that cooling is not requirddhe most sensitive component (with the lowest
maximum operating temperature) within the DFI DAfalsbe instrumented to determine its case
temperature.

Verification shall be considered a success whelngpection of the thermal test procedures indgate
adequate instrumentation to determine flight toechperature and adequate cooling to the most heat-
sensitive component and when the thermal testicagidns of 4.2.5.1, Qualification Test Requirensent
shall are successfully completed.

4.2.7.5 Captive Fasteners
This verification shall be by inspection.

The inspection of DFI DAS as-built drawings shalhirm the use of fasteners that meet the strukctura
requirements of the indicated specifications antficn the use of positive locking mechanisms where
possible. Chemical locking compounds may be ugsedrhall fasteners with permission.

Verification shall be considered successful whepaation shows the DFI DAS contains fasteners that
are in compliance with MSFC-STD-2594C, MSFC Fastéf@nagement & Control Practices, and
positive mechanical locking fasteners are used evpessible.

4.2.7.6 Factorsof Safety

This verification shall be by analysis.
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The analysis of the DFI DAS as-built drawings shaliess the structural integrity of the design and
guantify factors of safety in the launch environingsing structural analysis tools or analysis by
similarity.

The verification shall be considered successfulmthe analysis shows the DFI DAS complies with the
requirements of CxP 70135, CONSTELLATION PROGRAMRRIICTURAL DESIGN AND
VERIFICATION REQUIREMENTS, section 3.10.

4.2.7.7 DebrisPrevention
This verification shall be by analysis.

The analysis of the DFI DAS as-built drawings sha8iess the potential for debris generation during
pre-launch or ascent.

The verification shall be considered successfulmthe analysis shows that the DFI DAS is designed t
preclude the generation or shedding of debris dynme-launch or ascent which might jeopardize
personnel or other vehicle equipment.

4.2.7.8 Chemical Exposurein theInstrument Unit (1U)
This verification shall be by analysis.

An analysis of the Material Usage List shall bef@ened to determine the compatibility of the DFI
DAS with MMH and NTO.

Verification shall be considered successful whealyais of the material usage list (MUL) shows takht
materials which may be exposed to the atmosphevicamment are compatible with monomethyl
hydrazine (MMH) and nitrogen tetroxide (NTO) asntiied in the MAPTIS database.

4.2.7.9 LRU Interchangeability
This verification shall be by inspection.

The inspection of the DFI DAS drawings, hardware] aser documentation shall indicate the
interchangeability of each DFI DAS units with tindial production unit.

The verification shall be successful when the intpa indicates that DFI DAS are interchangeabld wi
previous DFI DAS units and the inspection of theruwdocumentation indicates the procedure for
replacing DFI DAS units.

4.2.7.10 Connector Mismating
This verification shall be by analysis.
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The analysis of the connectors on the DFI DAS ssaess the potential for mismating.

The verification shall be considered successfulmthe analysis shows that the DFI DAS connector
keying to prevents mismating.

4.2.7.11 DAU Chassis Size
This verification shall be by inspection.

The inspection shall include an inspection of alie DFI DAS drawings and user documentation and
all DAUSs.

The verification shall be considered successfuly when the inspection report indicates that allLI3A
have the same size chassisionm tolerance for each dimension.

4.2.7.12 Distributed System
This verification shall be by inspection and demaatn.

The inspection shall include a review of the agtille drawings and user documentation to confirm the
design of the DFI DAS as a multi-unit system, vatHeast two units.

The demonstration shall include operating the DABDwith a workstation and all DAUs.

The verification shall be considered successfulmthe inspection of the user documentation indgate
the design of a multi-unit DFI DAS with at leastawnits and when a demonstration of the DFI DAS
indicates each unit’s connection to the workstasoscknowledged on the user interface.

4.2.8 Product Marking

No verification required.

4.2.8.1 Identification and Marking
This verification shall be by inspection.

The production drawings shall be inspected to dater whether the drawings contain the requirement
for identification and marking methods in compliarwith MIL-STD-130, DEPARTMENT OF
DEFENSE STANDARD PRACTICE IDENTIFICATION MARKING ORJ.S. MILITARY
PROPERTY.

Verification shall be considered successful whepeaction of the drawings shows that the DFI DAS has
been manufactured with identification and markingtimds in accordance with MIL-STD-130.

4.2.8.2 ESD ldentification and Marking
This verification shall be by inspection.
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The production drawings shall be inspected to dater whether the drawings contain the requirement
for identification and marking methods in compliarwith MIL-STD-130, DEPARTMENT OF
DEFENSE STANDARD PRACTICE IDENTIFICATION MARKING ORJ.S. MILITARY
PROPERTY.

The verification shall be considered successfuéy when the inspection report indicates the DFI DAS
has been manufactured with ESD (electrostatic dige) identification and marking methods in
accordance with MIL-STD-130.

4.2.8.3 Serial Numbers
This verification shall be by inspection.

The production DFI DAS shall be inspected to detee whether it is identified by a serial number
assigned in accordance with contractor’s configonatnanagement guidelines.

The verification shall be considered successfuly when the inspection report shows that the DFI
DAS is identified by a serial number.

4.2.9 Workmanship
No verification required.

4.29.1 Soldering
This verification shall by inspection.

The inspection of DFI DAS drawings and assembhcedures and as-built process plans shall assess
the conformance to soldering requirements of J-S0DPS.

The verification shall be considered successfulmthe inspection of documentation shows that the
soldering workmanship conforms to J-STD-001DS.

4.2.9.2 Crimping
This verification shall by inspection.

The inspection of DFI DAS drawings and assemblhcedures and as-built process plans shall assess
the conformance to crimping requirements of NASAS3739.4, as tailored by MSFC-STD-2905.

The verification shall be considered successfulmthe inspection of documentation shows that the
crimping workmanship conforms to NASA-STD-8739.4 tailored by MSFC-STD-2905, MSFC
Tailoring Guide for NASA-STD-8739.4, Crimping, Imt®nnecting Cables, Harness, and Wiring.

4.2.9.3 Soldering of Surface Mount Components
This verification shall by inspection.
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The inspection of DFI DAS drawings and assembhcedures and as-built process plans shall assess
the conformance to surface mount soldering requrgsnof J-STD-001DS.

The verification shall be considered successfulmthe inspection of documentation shows that the
surface mount soldering workmanship conforms t@D-801DS, Space Applications Electronic
Hardware Addendum to J-STD-001D, Requirements @ddeSed Electrical and Electronic Assemblies.

4.2.9.4 Conformal Coating and Staking
This verification shall by inspection.

The inspection of DFI DAS drawings and assembhcedures and as-built process plans shall assess
the conformance to conformal coating and stakiggirements of J-STD-001DS, Space Applications
Electronic Hardware Addendum to J-STD-001D, Requénats for Soldered Electrical and Electronic
Assemblies.

The verification shall be considered successfulmthe inspection of documentation shows that the
conformal coating and staking workmanship confotond-STD-001DS, Space Applications Electronic
Hardware Addendum to J-STD-001D, Requirements @ddeSed Electrical and Electronic Assemblies.

4.2.9.5 Tin Whisker Mitigation
This verification shall be by inspection.

Bills of material, process plans, and procedured bk inspected to verify compliance with the tin
whisker mitigation methods in J-STD-001DS.

The verification shall be successfully met with tigpection of the as-built documentation verifiest

the DFI DAS units are manufactured using Tin Wairsiitigation methods in accordance with J-STD-
001DS, Space Applications Electronic Hardware Addemto J-STD-001D, Requirements for
Soldered Electrical and Electronic Assemblies.

4.2.10 Human Engineering

No verification required.

4.2.10.1 Human Engineering Guidelines
This verification shall be by inspection.

The inspection of the DFI DAS shall assess compdiamith NASA-STD-3000 CxP 70024
Constellation Human-Systems Integration Requirem@iSIR)
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The verification shall be considered successfulthe inspection shows that the DFI DAS meets the
human engineering guidelines of NASA-STD-3000, Mastems Integration Standards, and CxP
70024 Constellation Human-Systems Integration Remqents (HSIR).

4.2.10.2 Sharp Edges
This verification shall be by inspection.

The verification shall include an inspection of el DAS hardware and Workstation to verify sharp
edges, corners, and protrusions are broken.

The verification shall be considered successfuly when the inspection of the DFI DAS hardware and
Workstation verifies that all accessible edgesnhers, and protrusions have been broken in comglianc
with Human Factors Engineering Design Criteria, USIO/-LS-25404.

4.2.10.3 Maximum Touch Temperature
This verification shall be by test and inspectiod analysis.

The DFI DAS thermal test procedures as require8.By6.3, Qualification Test Requirements and
3.2.5.4, Acceptance Test Requirements, shall lpeated to ensure instrumentation during the tdbt wi
measure the outside and internal temperature dEHAS to ensure that cooling is not requiredh A
analysis of the test results and the flight operati ambient temperature shall be performed.

Verification shall be considered a success whelngpection of the thermal test procedures indgate
adequate instrumentation to determine flight totechperature and when the thermal test verifications
of 3.2.5.3, Qualification Test Requirements and34, Acceptance Test Requirements, show that the
maximum external touch temperature of the DFI DA#levoperating in the Upper Stage thermal
environment complies with Human Factors Engineeliegign Criteria, USO-CLV-LS-25404, section
5.13.4.6, Table X.

4.2.10.4 Minimum Touch Temperature
This verification shall be by test and inspection.

The DFI DAS thermal test procedures as required§y3, Qualification Test Requirements and
3.2.5.4, Acceptance Test Requirements, shall ipeated to ensure instrumentation during the tdbst wi
measure the outside and internal temperature dEHéAS to ensure that cooling is not required.

Verification shall be considered a success wheingpection of the thermal test procedures indgate
adequate instrumentation to determine flight toechperature and when the Environmental Conditions
verifications of 4.2.5 show that the minimum int@rtouch temperature of the DFI DAS while

operating in the Upper Stage thermal environmenipdies with Human Factors Engineering Design
Criteria, USO-CLV-LS-25404, section 5.13.4.6, TaXle
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4.2.10.5 General Safety
This verification shall be by inspection.

The verification shall include an inspection of thanuals, drawings, process plans, procedures and
hardware to determine sufficient detail to perf@msystem safety analysis of the DFI DAS

The verification shall be considered successfuély when the inspection of the DFI DAS indicates
sufficient documentation to perform a safety anslger 2.2.1, Hazard Analysis, of CxP 70059
Constellation Program (CxP) Integrated Safety,dRdily, and Quality Assurance (SR&QA)
Requirements.

4.2.10.6 Contamination Control
This verification shall be by inspection.

The verification shall include an inspection of El DAS and Workstation for cleanliness and the as
built process plans indicate cleaning of internafaces.

The verification shall be considered successfuy when the inspection report shows the DFI DAS
and Workstation are visibly clean in accordancé\WwikP 70145, Constellation Program Contamination
Control Requirements and as-built process planeatel cleaning of internal surfaces.

4.2.10.7 Box Integration for Ground Operations
This verification shall be by inspection.

The inspection of the DFI DAS design drawings aretpdures shall assess compliance with CxP
70024, Section 3.9.

The verification shall be considered successfulmthe inspection shows that the DFI DAS meets the
box integration requirements for ground operatioreccordance with Human-Systems Integration
Requirements (HSIR), CxP 70024, Section 3.9.

4.3 Packaging Requirements
This verification shall be by analysis.

An analysis of the shipping origin, route, desimat packaging, handling, and transportation dtell
performed to verify conformance with NPR 6000.1G.

This requirement shall be successfully met wheratiaysis confirms that the shipping origin, route,
destination, packaging, handling, and transpomatieet the requirements of NPR 6000.1G.
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4.3.1 Packaging Design Requirement (Structural)
This verification shall be by analysis and insp&tti

An analysis of the transportation environment db@alperformed to determine the values of the
parameters in the requirement and to determineribiection provided by the packaging. An
inspection of the user documentation shall confliendocumentation of the environmental parameter
values.

This verification shall be successfully met whea &malysis of the preservation, packaging, andipgck
conforms to the free fall flat drop, free fall cerrdrop, and sinusoidal vibration requirements tf-M
STD-2073 and NPR 6000.1G and the transportatiom@maent and when the user documentation
indicates the transportation shock and vibrationrenment.

4.3.2 Reusable Containers
This verification shall be by analysis.

If reusable containers are required, an analyst®wimercially available standard off-the-shelf, low
cost, metal or plastic containers shall be perfakme

This verification shall be successfully met whea #imalysis determines whether suitable off-thetshel
reusable containers are available if reusable gware required.

4.3.3 Monitoring Devices
This verification shall be by inspection.

The inspection of the approval-to-ship documentasioall include a description of instrumentation fo
monitoring or recording in-transit environmentgy(eshock, vibration, temperature, humidity, etc.).

The verification shall be successfully met whenBluger approves, by signature, the approval-to-ship
documentation.

4.3.4 Temporarily Installed Hardware Identification
This verification shall be by inspection.

An inspection of all temporarily installed devicgsch as caps, plugs, covers, support bracketry,
protective plates, etc., shall confirm these itamesmarked “NOT FLIGHT” or otherwise indicated as
not for flight to ensure they are easily identifi@atder casual observation.

This verification shall be successfully met whea itispection confirms temporarily installed nogtl
items are marked “NOT FLIGHT” or otherwise indicatas not for flight.

4.3.5 Marking for Shipment
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This verification shall be by inspection.

An inspection of the interior and exterior contammarkings for shipment shall be performed tofyeri
conformance with MIL-STD-130.

This verification shall be successfully met whea itspection verifies shipping markings are in
accordance with MIL-STD-130.

4.3.6 Marking for Reuse
This verification shall be by inspection.

An inspection of the markings on reusable contaiseall be performed to verify the words
“REUSABLE CONTAINER —DO NOT DESTROY — RETAIN FOR RESE” are used.

This verification shall be successfully met whea itspection verifies the markings are visible on
reusable containers.

4.3.7 NASA Critical Item Labels
This verification shall be by inspection.

An inspection of the interior and exterior contasBIASA critical item labels for shipment shall be
performed to verify conformance with MIL-STD-2078&aNPR 6000.1G.

This verification shall be successfully met whea iispection verifies that NASA critical item labealre
in accordance with MIL-STD-2073 and NPR 6000.1G.

4.3.8 Identification Format
This verification shall be by inspection.

An inspection of the interior and exterior contaiitkentification markings shall be performed toifyer
conformance with MIL-STD-2073 and NPR 6000.1G.

This verification shall be successfully met whea iispection verifies that identification markirgge in
accordance with MIL-STD-2073 and NPR 6000.1G.
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APPENDIXA  ACRONYMSAND ABBREVIATIONS

Acronyms and Abbreviations

AWG American Wire Gage

ASME American Society of Mechanical Engineers
BIT Built in Test

BITE Built in Test Equipment

C Celsius

CEl Component End Item

CEQATR Constellation Environmental Qualificatiordafscceptance Testing Requirements
CEV Crew Exploration Vehicle

CLv Crew Launch Vehicle

CxP Constellation Program

dB decibel

DAS Data Acquisition System

DAU Data Acquisition Unit

DFI Development Flight Instrumentation

DFIS Development Flight Instrumentation System
E3 Electromagnetic Environmental Effects

EDU Engineering Development Unit

ESD Electro Static Discharge

EEE Electrical, Electronic, and Electromechanical
EMC Electro Magnetic Compatibility

EOM End of Message

F Fahrenheit

FC Flight Computer

FDIR Fault Detection, Isolation, and Recovery

FU Flight Units

g gravity

EGSE Electrical Ground Support Equipment

HSIR Human-Systems Integration Requirements
Hz Hertz

IEEE Institute of Electrical & Electronics Engimeglnc.
IRIG Inter-Range Instrumentation Group (Range Camuhers Council)
ITAR International Traffic in Arms Regulations

LH2 Liquid Hydrogen

LOX Liquid Oxygen

LRU Line Replaceable Unit

MDAU Master Data Acquisition Unit

MAPTIS Materials and Processes Technical Inforrma8gstem
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Mpbs Mega Bits per Second
MMH Monomethyl Hydrazine
MTTF Mean Time To Failure
NASA National Aeronautics and Space Administration
NEDD Natural Environments Design Document
NTO Nitrogen Tetroxide
OA Organic Acid
OFlI Operational Flight Instrumentation
PCM Pulse Code Modulation
PDU Power Distribution Unit
PWB Printed Wiring Board
RDAU Remote Data Acquisition Unit
RH Relative Humidity
RMS Root Mean Square
SBU Sensitive But Unclassified
SDU Software Development Unit
SMT Surface Mounted Technology
SRU Shop Replaceable Unit
SR&QA Safety, Reliability, and Quality Assurance
TBD To Be Determined
TBR To Be Resolved
MSFC Marshall Space Flight Center
NASA National Aeronautics and Space Agency
VDC Volts Direct Current
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APPENDIX B

REQUIREMENTS

REQUIREMENTSTRACE MATRIX CEIl 3.2

Requirements Trace Matrix CEIl 3.2 Requirements

Section
No.

Requirement Section / M ethod Verification
ID Requirement |N/A|A | T |D| | ID
Title
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APPENDIX C VERIFICATION CROSSREFERENCE MATRIX 3.2
REQUIREMENTS

Verification Cross Reference Matrix 3.2 Requirements

Section EDU |Qualification{Acceptance]  Section/ Requirement Title Methods Verification
No. ID
A|T|D]I

3.1 DFI DAS Description X

3.2 DFI DAS Characteristics 4.2

3.2.1 Data Acquisition X 4.2.1
X X X Initialization to Known PCM

3.2.1.1 Frame Format X X 42.1.1

3.2.1.2 X X X Power Application Data Outpu X 4.2.1.2

3.2.1.3 X X X Power Interruption Data Outpyt X 4.2.1.3

3.2.1.4 X X X Sensor Data Acquisition X X 42.1.4

3.2.1.5 X X X PCM Data Acquisition X X 4215

3.2.1.6 X X X PCM Frame Generation X 4.2.1.6

3.2.1.7 X X X User Programmable X X 4.2.1.7

3.2.1.8 X X X Sampling and Formatting X X 42.1.8

3.2.1.9 X X X Number of Data Formats X X 4.2.1.9
X X X Format Change via Discrete

3.2.1.10 Signal X X 4.2.1.10

3.2.1.11 DAS Interface Requirements X 4.2.1.11
X X X MDAU to Telemetry System

3.2.1.11.1 Interface X 4.2.1.11.1
X X X MDAU to Telemetry System

3.2.1.11.1.1 Bit Rate X 42.1.11.1.1
X X X MDAU to Telemetry System

3.2.1.11.1.2 Impedance X 4.2.1.11.1.2
X X X MDAU to First Stage DFI

3.2.1.11.2 System Interface X 4.2.1.11.2
X X X MDAU to First Stage DFI

3.2.1.11.2.1 System Bit Rate X 4.2.1.11.2.1
X X X MDAU to First Stage DFI

3.2.1.11.2.2 System Impedance X 4.2.1.11.2.2
X X X First Stage DFI System to

3.2.1.11.3 MDAU Interface X 4.2.1.11.3
X X X First Stage DFI System to

3.2.1.11.3.1 MDAU Bit Rate X 4.2.1.11.3.1
X X X First Stage DFI System to

3.2.1.11.3.2 MDAU Impedance X 4.2.1.11.3.2

3.2.1.11.4 X X X MDAU with RDAU Interface X 4.2.1.11.4
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X X X MDAU with RDAU Interface
3.2.1.11.4.1 Distance X 4.2.1.11.4.1
3.2.1.11.5 X X X Workstation Interface X 4.2.1.11.5
3.2.1.11.6 X X X EGSE Interface X 4.2.1.11.6
3.2.1.11.7 X X X Test and Programming X 4.2.1.11.7
3.2.2 X X X Input Channels X X |4.22
3.2.2.1 X X X Input Channels Characteristicp X X 4221
3.2.2.1.1 X X Sample Rates X 4.2.21.1
3.2.2.1.2 X X A/D Resolution X 4.2.2.1.2
3.2.2.1.3 X X X Output/Sample X X 4.2.2.1.3
3.2.2.1.4 X X Excitation X 4.2.2.1.4
3.2.2.1.5 X X Signal Condition X 42215
3.2.2.1.6 X X X Accuracy X 4.2.2.1.6
3.2.2.1.7 X X Charge Amplifier X 4.2.2.1.7
3.2.2.1.8 X X Programmable Filter 4.2.2.1.8
3.2.2.1.9 X X Programmable Gains 4.2.2.1.9
X X Reference Junction
3.2.2.1.10 Compensation X 4.2.2.1.10
3.2.2.1.11 Video X 4.2.2.1.11
3.2.2.1.11.1 X X Video Format X 4.2.2.1.11.1
3.2.2.1.11.2 X X X Video Resolution X 4.2.2.1.11.2
3.2.2.1.11.3 X X X Video Frame Rate ) 4.2.2.1.11.3
3.2.2.1.11.4 X X X Video Image Compression K 4.2.2.1.11.4
3.2.3 Time X 4.2.3
3.2.3.1 X X X Receiving Time X 4.2.3.1
3.2.3.2 X X X Internal Clock X X 4.2.3.2
3.2.3.3 X X X Time Stamp of Data A 4.2.3.3
3.2.3.4 X X X Time Stamp with Accuracy X 4.2.3.4
3.2.3.5 X X X Time Stamp with Precision 4.2.35
3.2.4 Workstation Characteristics K 4.2.4
3.2.4.1 X X Workstation Computer 4.2.4.1
3.2.4.2 X X Data Channel Configuration 4.2.4.2
3.2.4.3 X X Configurable Channel Sampling Rates X 4.2.4.3
3.2.4.4 X X Configurable Channel Gain 4.2.4.4
3.2.4.5 X X Configurable Channel Offset X 4.2.4.5
3.2.4.6 X X Configurable Channel Calibration X 4.2.4.6
3.2.4.7 X X Configurable Channel Range 4.2.4.7
3.2.4.8 X X X Receiving Channel Data X X 4.2.4.8
3.2.4.9 X X X Display Data in Counts Formak 4.2.4.9
3.2.4.10 X X Display Data in Units Format 4.2.4.10
3.2.4.11 X X Display Data in Strip Chart 4.2.4.11
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Format

3.2.4.12 X X X Display Data with Alarms A X 4.2.4.12
3.2.4.13 X X Portability X 4.2.4.13
3.2.4.14 X X Display Parameters K X 4.2.4.14
3.2.4.15 X X X Built In Test X 4.2.4.15
3.2.4.16 X Reliability X 4.2.4.16
3.2.4.16.1 X Reliability Data X 4.2.4.16.1
3.2.4.17 X Failure Propagation 4.2.4.17
3.2.4.18 X Flight Operation Life X 4.2.4.18
3.2.4.19 X Calibration X 4.2.4.19
3.2.5 Environmental Conditions 4.2.5
3.2.5.1 X Natural Environments A 4.2.5.1
3.2.5.2 X Induced Environments 4.2.5.2
3.2.5.2.1 X Transportation (packaged) X X 42521
3.2.5.2.2 X Non-Operating Environment 4.25.2.2
3.2.5.2.2.1 X Storage X 4.2.5.2.2.1
3.2.5.2.2.1.1 X Storage Time X 4.25.2.2.1.1
3.2.5.2.2.2 X Non-Operating Temperature X 4.2.5.2.2.2
3.2.5.2.2.3 X Non-Operating Humidity X 4.2.5.2.2.3
3.2.5.2.3 X Operating Environment 4.25.2.3
3.2.5.2.3.1 X Operating Temperature X 4.2.5.2.3.1
3.2.5.2.3.2 X Operating Humidity X 4.2.5.2.3.2
3.2.5.2.3.3 X Random Vibration and Shock X 4.2.5.2.3.3
3.2.5.2.3.4 X Pressure Change X 4.2.5.2.3.4
3.2.5.2.3.5 X Pressure Rate of Change X 4.2.5.2.35
3.2.5.2.3.6 X Loads Analysis X 4.2.5.2.3.6
3.2.5.3 X Qualification Test Requirements X X 4.2.5.3
3.2.5.4 X Acceptance Test Requirements. X A 4254
3.2.6 Electrical Design X 4.2.6
3.2.6.1 X X X Input Power X 426.1
3.2.6.2 X X Input Voltage Range ) X 4.2.6.2
3.2.6.3 X X Short Circuit Protection X 4.2.6.3
3.2.6.4 X X X 5V Discrete Characteristics K 4.2.6.4
3.2.6.4.1 X X X Pull Down Characteristic ) 4.2.6.4.1
3.2.6.4.2 X X X Quantity X 4.2.6.4.2
3.2.6.5 X X X 28V Discrete Characteristics X 4.2.6.5
3.2.6.5.1 X X X Pull Down Characteristic ) 4.2.6.5.1
3.2.6.5.2 X X X Quantity X 4.2.6.5.2
3.2.6.6 X X (I, T) Electrical Bonding X X X 4.2.6.6
3.2.6.7 X Electrical Grounding X X 4.2.6.7
3.2.6.8 X Lightning Protection X X 4.2.6.8
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3.2.6.9 X Electrostatic Discharge (ESD) Protectidn X | X 4.2.6.9
3.2.6.10 X X Isolation of Test Points X 4.2.6.10
X X Electronic, Electrical, Electromechanic|
3.2.6.11 (EEE) Parts X 4.2.6.11
3.2.6.12 X X Inadvertent Disconnect 4.2.6.12
3.2.6.13 X X Printed Wiring Boards X 4.2.6.13
3.2.6.14 X Ignition Source Avoidance X 4.2.6.14
3.2.6.15 X X Electromagnetic Interference X 4.2.6.15
3.2.6.16 X Circuit Classification X 4,2.6.16
X X Connector Location and Pin Function
3.2.6.17 Assignments 4.2.6.17
X Wire and Cable Shielding Separation ahd
3.2.6.18 Routing X 4.2.6.18
3.2.6.19 X Electrostatic Discharge (ESD) Control X 4,2.6.19
3.2.7 X Structural and Mechanical K 4.2.7
3.2.7.1 X Materials and Processes X 4.2.7.1
3.2.7.2 X Fracture Control X X X 4.2.7.2
3.2.7.3 X Drawing Quality X 4.2.7.3
3.2.7.4 X Cooling X X 4.2.7.4
3.2.7.5 X X Captive Fasteners X 4.2.7.5
3.2.7.6 X Factors of Safety A 4.2.7.6
3.2.7.7 X Debris Prevention X 4.2.7.7
X Chemical Exposure in the
3.2.7.8 Instrument Unit (1U) X 4.2.7.8
3.2.7.9 X LRU Interchangeability X 4.2.7.9
3.2.7.10 X Connector Mismating A 4.2.7.10
3.2.7.11 X X X DAU Chassis Size X 4.2.7.11
4.2.7.12 X X X Distributed System A X 4.2.7.12
3.2.8 Product Marking X 4.2.8
3.2.8.1 X X Identification and Marking X 4.2.8.1
X X ESD ldentification and
3.2.8.2 Marking X 4.2.8.2
3.2.8.3 X X Serial Numbers X 4.2.8.3
3.2.9 Workmanship X 4.2.9
3.2.9.1 X X Soldering X 4.2.9.1
3.2.9.2 X X Crimping X 4.2.9.2
3.2.9.3 X X Soldering of Surface Mount Componenis X 4,2.9.3
3.2.9.4 X X Conformal Coating and Stakinlg X 4.2.9.4
3.2.9.5 X X Tin Whisker Mitigation X 4.2.9.5
3.2.10 Human Engineering X 4.2.10
3.2.10.1 X X X Human Engineering Guidelings X 4.2.10.1
3.2.10.2 X X X Sharp Edges X 4.2.10.2
3.2.10.3 X X Maximum Touch Temperaturg K K X 4.2.10.3
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3.2.10.4 X X Minimum Touch Temperature X 4.2.10.4
3.2.10.5 X General Safety X 4.2.10.5
3.2.10.6 X X Contamination Control X 4.2.10.6
X Box Integration for Ground
3.2.10.7 Operations X 4.2.10.7
3.3 X Packaging Requirements X 4.3
X Packaging Design Requiremept
3.3.1 (Structural) X X 4.3.1
3.3.2 X X Reusable Containers X 4.3.2
3.3.3 X X Monitoring Devices X 4.3.3
X X Temporarily Installed Hardware
3.3.4 Identification X 4.3.4
3.3.5 X X Marking for Shipment X 4.3.5
3.3.6 X X Marking for Reuse X 4.3.6
3.3.7 X X NASA Critical Item Labels X 4.3.7
3.3.8 X X Identification Format X 4.3.8
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