NIR Cam/ISIM Interface Requirements Document
NGST-RQMT-XXXXXX

DRAFT Rev 10


[image: image11.emf]

Performance Specification

for

Propulsion Subsystem
Pressure Transducers

Solar Dynamics Observatory (SDO) Project

464-PROP-SPEC-0093

[image: image1.png]SDO PROJECT
CCB CONTROLLED DOCUMENT
T. Hegarty - 11/01/04





Effective Date: November 1, 2004

Expiration Date: November 1, 2009

[image: image8.png]


[image: image9.png]


[image: image10.png]



CM FOREWORD

This document is a Solar Dynamics Observatory Project controlled document.  Changes to this document require prior approval of the SDO Project CCB Chairperson.  Proposed changes shall be submitted to the SDO Project Configuration Management Office (CMO), along with supportive material justifying the proposed change.

Questions or comments concerning this document should be addressed to:

SDO Configuration Management Office

Mail Stop 464

Goddard Space Flight Center

Greenbelt, Maryland  20771

Performance Specification for Propulsion Subsystem
Pressure Transducers


DOCUMENT CHANGE RECORD
Sheet:  1 of 1

	REV/ VER

LEVEL
	DESCRIPTION OF CHANGE
	APPROVED

BY
	DATE

APPROVED

	-


	Baseline Release of Document per SDO-CCR-0208
	R. Lilly
	11/01/2004


Table of Contents

11.0
Scope


12.0
Documentation and Definitions


12.1
Applicable Documents


22.2
Definitions


23.0
Requirements


23.1
Description


33.2
Component-Specific Functional/Performance Requirements


33.2.1
Operating Pressure Range


33.2.2
Proof Pressure


33.2.3
Burst Pressure


33.2.4
Pressure Cycle Life


33.2.5
Interface Tube Design Pressures


43.2.6
Fluid Compatibility


43.2.7
Accuracy


43.2.8
External Leakage


43.2.9
Leak Path


53.3
Physical Characteristics


53.3.1
Mass


53.3.2
Center of Mass


53.3.3
Reserved


53.3.4
Fluid Interfaces


53.3.5
Welding


53.3.6
Minimum Resonant Frequency


53.3.7
Mounting


53.3.8
Cleanliness (Internal and External)


63.3.9
External Adjustment


63.3.10
Reserved


63.3.11
Metal Parts


63.3.12
Outgassing


63.3.13
Identification and Marking


63.4
Electrical Characteristics


63.4.1
Inputs


73.4.2
Output


73.4.3
Electrical Interface


83.4.4
Wiring


83.4.5
Grounding


83.4.6
Surface/Dielectric Charging Protection


93.4.7
Dielectric Strength


93.4.8
Insulation Resistance


93.4.9
EMI/EMC


143.4.10
Reserved


143.5
Life Requirements


143.5.1
Mission Life


143.5.2
Shelf Life


143.6
Environmental Requirements


143.6.1
Static Loads


153.6.2
Vibration Loads


153.6.3
Shock


163.6.4
Acoustic


173.6.5
Thermal


173.6.6
Vacuum Environment


173.6.7
Reserved


173.6.8
Radiation – Total Dose


193.6.9
Humidity


193.6.10
Reserved


193.6.11
Magnetic Dipole


204.0
Verification Requirements


204.1
Inspection


204.1.1
Visual Inspection


204.1.2
Physical Measurement


204.1.3
Documentation Search


204.2
Analysis


204.3
Test


204.4
Test Restrictions


204.4.1
Anomaly During Tests


214.4.2
Modification of Flight Hardware


214.4.3
Re-Test Requirements


214.5
Required Verification Methods


214.5.1
Weight Measurement


214.5.2
Functional Tests


224.5.3
EMI/EMC Tests


224.5.4
Proof Pressure Test


224.5.5
External Leakage Test


224.5.6
Shock Test


224.5.7
Loads Tests


234.5.8
Random Vibration Test


234.5.9
Reserved


234.5.10
Reserved


234.5.11
Thermal Vacuum Test


254.5.12
Cleanliness (Internal and External)


254.5.13
Reserved




List of Tables

1Table 1: List of Documents


2Table 2: Pressure Transducer Designations


3Table 3: Pressure Requirements


4Table 4: Interface Tube Proof and Burst Pressures


4Table 5: Accuracy Requirements


5Table 6: Cleanliness Specification


10Table 7: SDO Conducted Susceptibility Levels


13Table 8: SDO Launch and Ascent Transmitters


15Table 9: Random Vibration Levels


15Table 10: Maximum Expected Shock Environment (Q = 10)


16Table 11: Acoustic Levels


17Table 12: Temperature Limits at Mounting Interface




List of Figures

11Figure 1: CS06 Conducted Susceptibility Test Pulse


12Figure 2: Narrowband-Conducted Emissions CE01/CE03 Limits


13Figure 3: RE02 Radiated Narrowband Emission Limits for the Observatory & Subsystems


18Figure 4: Dose-Depth Curve for SDO for a 5-Year Mission in GEO


19Figure 5: LET Spectra for Single Event Effects


24Figure 6: Thermal Vacuum Profile




List of TBDs/TBRs

	Item No.
	Location
	Summary
	Ind./Org.
	Due Date

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


List of Abbreviations & Acronyms

	(
	Ohms

	(C
	Degrees Centigrade

	µm
	Microns

	µs
	Microseconds

	A
	Amperes

	AC
	Alternating Current

	Al
	Aluminum

	AWG
	American Wire Gauge

	CCB
	Configuration Control Board

	CE
	Conducted Emissions

	CMO
	Configuration Management Office

	COTR
	Contracting Officer Technical Representative

	CS
	Conducted Susceptibility

	CVCM
	Collected Volatile Condensable Mass

	DA
	Double Amplitude

	dB
	Decibels

	DC
	Direct Current

	Dia.
	Diameter

	EEE
	Electric, Electronic, and Electromechanical

	ELV
	Expendable Launch Vehicle

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	eV
	Electron Volts

	g
	Grams

	g, G
	Gravitational Acceleration

	GEO
	Geosynchronous Orbit

	GEVS-SE
	General Environmental Verification Specification for STS & ELV Payloads, Subsystems, and Components

	GHe
	Gaseous Helium

	GSFC
	Goddard Space Flight Center

	GTO
	Geosynchronous Transfer Orbit

	Hz
	Hertz (1/s)

	IC
	Integrated Circuit

	in
	Inches

	lb
	Pounds

	LET
	Linear Energy Transfer





	LISN
	Line Impedance Simulation Networks

	MEOP
	Maximum Expected Operating Pressure

	mil
	1 Thousandth of an Inch

	mL
	Milliliters

	MON
	Mixed Oxides of Nitrogen

	MOSFET
	Metal Oxide Semiconductor Field Effect Transistor

	ms
	Milliseconds

	NASA
	National Aeronautics and Space Administration

	OASPL
	Overall Sound Pressure Level

	Oct.
	Octave

	OD
	Outer Diameter

	MPa
	Megapascals (106 Pascals)

	pf
	Packet Filtering

	psia
	Pounds per Square Inch – Absolute Pressure

	psig
	Pounds per Square Inch – Gage Pressure

	Qty.
	Quantity

	RE
	Radiated Emissions

	RMS
	Root Mean Square

	RS
	Radiated Susceptibility

	S/C
	Spacecraft

	SCC
	Stress Corrosion Cracking

	sccs
	Standard Cubic Centimeters per Second

	SDO
	Solar Dynamics Observatory

	SEB
	Single Event Burnout

	SEE
	Single Event Effects

	SEGR
	Single Event Gate Rupture

	SEL
	Single Event Latch-Up

	SEU
	Single Event Upset

	SOW
	Statement of Work

	SPL
	Sound Pressure Level

	sq.
	Square

	TID
	Total Ionizing Dose

	TML
	Total Mass Loss

	V
	Vanadium

	V
	Volts


1.0 Scope

This specification describes the electrical, mechanical, operating environment, and verification testing requirements for pressure transducers for a Goddard Space Flight Center (GSFC) payload, the Solar Dynamics Observatory (SDO).  The SDO Propulsion Subsystem requires thirteen (13) pressure transducers.

2.0 Documentation and Definitions

2.1 Applicable Documents

The following documents in effect on the day this specification was signed shall apply to the fabrication and to the electrical, mechanical, and environmental requirements of the pressure transducers to the extent specified herein.  In the event of conflict between this specification and any referenced document, this specification will govern, with the exception of the Statement of Work (SOW), 464-PROP-LEGL-0056, in which case the SOW takes precedence.

The following is a list of the applicable specifications and publications.

Table 1: List of Documents

	Document Number
	Title
	Rev./Date

	464-PROP-LEGL-0056
	Statement of Work for Solar Dynamics Observatory (SDO) Project Propulsion Subsystem Pressure Transducers
	-

	AMS 2488
	Anodic Treatment - Titanium and Titanium Alloys Solution Ph 13 Or Higher
	2003

	ASTM E-595
	Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment
	10/01/2003

	EEE-INST-002
	Instructions for EEE Parts Selection, Screening, Qualification, and Derating
	05/2003

	GSFC-X-673-64-1F
	Engineering Drawing Standards Manual
	09/1994

	IEST-STD-CC1246D
	Product Cleanliness Levels and Contamination Control Program
	01/01/2002

	ISO 10012-ED1
	Quality Assurance Requirements for Measuring Equipment
	04/15/2003

	JSC-SPEC-C-20C
	Water, High Purity, Specification for
	06/14/1976

	MIL-PRF-26539E
	Propellant, Nitrogen Tetroxide (MON-3, Low Iron)
	10/07/1997

	MIL-PRF-27401D
	Propellant, Nitrogen, Pressurizing Agent
	10/03/1995

	MIL-PRF-27404C
	Propellant, Monomethylhydrazine
	10/01/1997

	MIL-PRF-27407B
	Propellant, Helium, Pressurizing Agent
	08/25/1997

	MIL-PRF-27415A
	Propellant Pressurizing Agent, Argon
	12/11/1997

	MIL-STD-1540D
	Test Requirements for Space Vehicles
	07/01/1985

	MIL-STD-462
	Measurement of Electromagnetic Interference Characteristics
	07/31/1967

	MIL-STD-889
	Dissimilar Metals
	-

	MSFC-HDBK-527F
	Materials Selection List for Space Hardware Systems
	09/30/1988

	MSFC-STD-3029
	Guidelines for the Selection of Metallic Materials for SCC Resistance
	05/22/2000

	NASA-HDBK-4002
	Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging Effects
	02/17/1999

	TT-I-735
	Isopropyl Alcohol
	07/11/1963


2.2 Definitions

Flight Hardware:  Any component intended to fly on the Observatory.  This includes protoflight, follow-on, and flight spare hardware.

Protoflight Hardware:  Flight hardware of a new design.  Protoflight hardware is subject to a qualification test program that combines elements of prototype and flight acceptance verification.  This program shall include the application of design qualification test levels and flight acceptance test durations.

Follow-On Hardware:  Flight hardware built in accordance with a design that has been qualified either as prototype or as protoflight hardware.  Follow-on hardware is subject to a flight acceptance test program.

Flight Spare Hardware:  Hardware of a design that has been proven in a design qualification test program.  Flight spare hardware is subject to a flight acceptance test program and is used to replace flight hardware that is no longer acceptable for flight.

3.0 Requirements

All of the requirements in this document must apply through the end of spacecraft (S/C) life, as defined in Section 3.5.

3.1 Description

Propulsion subsystem pressure transducers are responsible for monitoring the pressure of various segments of the propulsion subsystem, beginning during ground operations and continuing throughout the mission life.  The transducers shall convert sensed gas and liquid pressure into electrical signals for telemetry purposes.  The subsystem requires two types of pressure transducers, which are designated A and B in Table 2.

Table 2: Pressure Transducer Designations

	Designation
	Operational Fluids
	Qty.

	Transducer A
	High Pressure Gaseous Helium (GHe)
	2

	Transducer B
	Low Pressure GHe;

Monomethylhydrazine (liquid and vapors);

Nitrogen Tetroxide (liquid and vapors)
	11


Each pressure transducer design shall either have been qualified for space flight or the vendor shall designate one (1) unit as protoflight to test to the qualification levels listed in this document.  Designs that have been qualified previously shall include qualification documentation as described in the Statement of Work 464-PROP-LEGL-0056.
3.2 Component-Specific Functional/Performance Requirements

Some requirements will apply to all pressure transducers; requirements specific to each type of pressure transducer will be specifically called out.

3.2.1 Operating Pressure Range

The pressure transducers shall have pressure ranges from 0 psia to the maximum expected operating pressure (MEOP) values listed in Table 3.

3.2.2 Proof Pressure

The pressure transducers shall be capable of withstanding proof pressures no less than the proof pressure values listed in Table 3 without any permanent physical deformation, yielding, or cracking, and without any loss of performance or accuracy as specified herein.  Proof pressure is the test pressure equal to 1.5 times MEOP for high-pressure transducers and 4 times MEOP for low-pressure transducers.

3.2.3 Burst Pressure

The pressure transducers shall demonstrate, through a qualification program, burst pressures no less than the burst pressure values listed in Table 3.  Burst pressure is the pressure that, once applied to the particular transducer, results in exceeding its ultimate strength.

Table 3: Pressure Requirements

	Transducer
	MEOP [psia (MPa)]
	Proof [psia (MPa)]
	Burst [psia (MPa)]

	A
	4200 (28.95)
	6300 (43.44)
	10 500 (72.39)

	B
	300 (2.07)
	1200 (8.27)1
	1500 (10.34)2


1This proof pressure encompasses back relief pressure of upstream latch valves and regulator leakage

2This burst pressure is 2.5 times the transducer’s exposure pressure

3.2.4 Pressure Cycle Life

The pressure transducers shall maintain the operational requirements defined herein after no less than 10,000 pressure cycles, where one cycle consists of the sensed pressure changing from atmospheric pressure to MEOP and then returning to atmospheric pressure.  The Contractor shall provide data to show that the transducer design has successfully operated in a manner that verifies the capability to achieve this cycle life.

3.2.5 Interface Tube Design Pressures

Each pressure transducer’s interface tube shall be capable of withstanding the proof pressure given in Table 4, and the vendor shall demonstrate through a qualification program that each pressure transducer’s interface tube has the burst pressure given in Table 4 at a minimum.

Table 4: Interface Tube Proof and Burst Pressures

	Transducer
	Interface Tube Proof Pressure
[psia (MPa)]
	Interface Tube Burst Pressure
[psia (MPa)]

	A
	6300 (43.44)
	16 800 (115.83)

	B
	1500 (10.34)
	4000 (27.58)


3.2.6 Fluid Compatibility

Each pressure transducer, including all welds, shall show no degradation or loss of accuracy due to exposure for a 63-month period to any of the following fluids:

· Helium per MIL-PRF-27407B, Type 1, Grade A

· Monomethylhydrazine per MIL-PRF-27404C

· Nitrogen Tetroxide (MON-3) per MIL-PRF-26539E

All of the pressure transducers, including all welds, shall show no degradation after a 6-month exposure to any of the following fluids:

· Nitrogen per MIL-PRF-27401D, Grade A

· Deionized and Distilled Water per JSC-SPEC-C-20C

· Isopropyl Alcohol per TT-I-735 (Grade A)

· Argon per MIL-PRF-27415A

· Xenon, Research Grade

After exposure to any of the above fluids, the pressure transducers shall be flushed and dried by a vendor-prepared and NASA-approved procedure.

3.2.7 Accuracy

The accuracy of each pressure transducer shall be as given in Table 5 at a minimum.  Accuracy shall include hysteresis and repeatability.  The values in Table 5 are given as percentages of full scale, with each pressure transducer’s “full scale” defined as 0 psia to the transducer’s MEOP.  The transducers shall maintain these accuracy requirements throughout the temperature range and input voltage range specified herein.

Table 5: Accuracy Requirements

	Transducer
	Accuracy

	A
	2.0%

	B
	0.25%


3.2.8 External Leakage

Each pressure transducer shall demonstrate a total leakage rate of no greater than 1 x 10-6 sccs of GHe when pressurized to the MEOP.

3.2.9 Leak Path

All electrical circuits shall be hermetically sealed from the propellant flow.  All internal propellant leaks shall be contained within the transducer housing.

3.3 Physical Characteristics

3.3.1 Mass

The total mass of each pressure transducer shall be less than or equal to 1.0 lb (0.45 kg).

3.3.2 Center of Mass

The contractor shall define the center of mass.  The center of mass shall be determined to within ±2.5 mm relative to an external reference.

3.3.3 Reserved

3.3.4 Fluid Interfaces

Each pressure transducer shall contain a straight interface tube that can later be welded directly to the SDO propulsion module.  The interface tube shall have a length of no less than 1.5 inches (38.1 mm), with a consistent OD of 0.25 in (6.35 mm) and a wall thickness of 0.028 in
(0.71 mm).  The interface tube material shall be either 3Al-2.5V or 6Al-4V Titanium.

3.3.5 Welding

All welding shall use a configured process that is vendor-developed and NASA-approved for welding and weld inspection requirements.

3.3.6 Minimum Resonant Frequency

The pressure transducers shall have a minimum structural fundamental frequency of 50 Hz at fixed base.

3.3.7 Mounting

Each pressure transducer shall be hard-mounted on a mechanical surface of the S/C structure.  The mounting interface shall be defined in the Interface Control Document.

3.3.8 Cleanliness (Internal and External)

The pressure transducers shall be cleaned, and verified internally clean to level 100A per
IEST-STD-CC1246D as modified by Table 6 below, in accordance with vendor procedures approved by NASA.  The interface tubes shall be protected from contamination at all times by the use of clean fittings and bagging as required.

Table 6: Cleanliness Specification

	Particle Size Range [(m]
	Maximum Allowed per 100 mL

	0 to 5
	Unlimited

	5 to 15
	265

	15 to 25
	78

	25 to 50
	11I

	50 to 100
	1I

	101 and over
	0


I
No metal particles allowed

The external cleanliness for each transducer shall meet level 450A per IEST-STD-CC1246D.

3.3.9 External Adjustment

The pressure transducers shall be designed so that no external adjustments are required after start of acceptance or qualification testing.

3.3.10 Reserved

3.3.11 Metal Parts

The pressure transducers shall not use metals that are susceptible to corrosion in ground and flight environments per MSFC-HDBK-527F, dissimilar metals per MIL-STD-889, or metal parts that are susceptible to stress crack corrosion per MSFC-STD-3029.

3.3.12 Outgassing

The pressure transducers shall only use materials that have less than 1% TML and less than 0.1% CVCM outgassing in accordance with ASTM E-595.

3.3.13 Identification and Marking

Each transducer shall be permanently marked with the part number and a unique sequential serial number in the area designated on the interface control drawing in a manner to be approved by the GSFC COTR.

3.4 Electrical Characteristics

The electrical interface configuration shall meet the overall requirements of this specification.

3.4.1 Inputs

The presence or absence of any combination of the input signals applied in any sequence shall not damage the pressure transducer, reduce its accuracy or life expectancy, or cause any malfunction, either when the unit is powered or when it is not.

3.4.1.1 Reserved

3.4.1.2 Power Input Configuration

Power to each transducer shall be remotely switched using properly derated lines.  The DC power and return shall be routed to each transducer as twisted pairs and shall be shielded as required.
3.4.1.3 Power Consumption

Each pressure transducer shall draw a maximum of 1.25W at maximum voltage and temperature.

3.4.1.4 Input Voltage Level

Each pressure transducer shall operate with a nominal voltage range of 19V – 35V.

3.4.1.5 Input Noise and Ripple

The pressure transducers shall operate while in the presence of a 2.8-VRMS (not to exceed 50W) ripple superimposed on the steady-state voltage over the frequency range of 30 Hz to 1.5 kHz, decreasing from 2.8 VRMS to 1.0 VRMS (not to exceed 50W) from 1.5 kHz to 50 kHz, and 1.0 VRMS (not to exceed 1W) from 50 kHz to 400 MHz superimposed on the steady-state voltage at the power input.  This requirement is tested as part of the EMI CS01 and CS02 tests per Section 4.5 of this specification.

3.4.1.6 Source Impedance

The pressure transducers shall meet all performance requirements given the following source impedance range:

	1 Hz – 1 kHz
	0.2 – 0.5 Ω

	1 – 20 kHz
	0.3 – 1.0 Ω

	20 – 100 kHz
	1.2 – 3.0 Ω


3.4.1.7 Input Power Transients

Normal Transients:
The pressure transducers shall operate within specifications in the presence of a normal transient of ±3.0V from steady state.

Abnormal Transients:
During abnormal transients, the input voltage will remain within the range of -1VDC to 40VDC.  The duration of abnormal transients will not exceed 500 ms.  The pressure transducers shall survive abnormal transients without permanent damage.  The loss of stored data or a change of state of circuitry under these conditions is acceptable.

3.4.1.8 Reserved

3.4.1.9 Internal Fusing/Over-Current Protection

There shall be no internal fusing in the pressure transducers.

3.4.1.10 Reserved

3.4.1.11 Reserved

3.4.2 Output

The output voltage of the transducer shall be a 0VDC to 5VDC nominal voltage directly proportional to the input pressure, with a range from 0 psia (0 MPa) to MEOP.

3.4.3 Electrical Interface

The pressure transducers shall contain “pigtail” wire leads with lengths of no less than 10 feet (3.05 m).  The pigtail shall include the following wires:

· Power

· Return

· Signal/+

· Signal/–

3.4.4 Wiring

Conventional wire used in the spacecraft harness or any of the subsystem harnesses shall conform to the following requirements:

a.
Minimum allowable wire size for power is 22 AWG.  Minimum wire size for signals is 24 AWG.

b.
All harnessing shall be fabricated from low outgassing material that is non-flammable and self-extinguishing per EEE-INST-002.

c.
All current-carrying power wires must be derated in accordance with EEE-INST-002.

d.
Wire shields shall not be used for power or power return.

3.4.4.1 Reserved

3.4.4.2 Cable and Signal Shielding

All signal lines shall be shielded.  Power wires shall be shielded on a case-by-case basis, if it is determined to be necessary by the EMC tests performed before delivery.  All shields shall be grounded to the chassis of the pressure transducer unless approved by the COTR.

3.4.5 Grounding

Unregulated 28V power and return shall be isolated from signal and chassis ground by greater than 1 MΩ.  Internal to each pressure transducer, signal and chassis ground will be directly connected to each other.  Chassis ground contacts shall take the shortest possible route to chassis.  The design of the pressure transducer ground layout shall minimize current flow per
Section 3.4.9.5 Common Mode Noise requirements.

The DC electrical resistance across the pressure transducer to mounting interfaces shall not exceed 2.5 m( (assume bolted to aluminum interface with no interface material).  Mating surfaces shall be free from nonconductive finishes and shall maximize contact surface area.  Unless specifically approved by the GSFC COTR, each pressure transducer’s ground connection shall be made through its mounting interface.

3.4.6 Surface/Dielectric Charging Protection

The pressure transducers shall meet the following requirements in order to survive the GTO/GEO charging environment.

3.4.6.1 Reserved

3.4.6.2 Internal Charging

The transducer design shall prevent internal charging/discharging effects that can damage the internal components or disrupt operations.  Internal charging effects shall be controlled by shielding all electronics elements with sufficient aluminum equivalent thickness (110 mil Al for bulk dielectrics or to 60 mil Al equivalent for Teflon harness insulation) so that the internal charging rate is benign.  (Note:  The pressure transducers are located inside the spacecraft module, and thus can assume 40 mils of equivalent Aluminum shielding from the spacecraft.)

Internal dielectrics materials with bulk resistivity of >1012 Ω-cm (such as the connectors, thermal isolators, thermistor mounting, and other materials such as Kapton and Teflon insulators) that do not meet the shielding requirement shall be controlled via one of the methods described below.

a. Limit the electron flux to insulators by shielding to 1010 electrons/cm2 in 10 hours.  (This can be met with plate shielding with 110 mil Al for bulk dielectrics or to 60 mil Al equivalent for Teflon harness insulation.)

b. Filter nearby circuitry to withstand a 5,000-Volt, 20-pf, 10-Ω discharge.  Detailed analysis of discharge could result in smaller or larger discharge source than above.

c. Coat the exterior surface of the dielectric with a grounded layer with a resistivity of
<109 Ω/sq.

d. Prevent the discharge from reaching a victim circuit by EMI shielding and/or grounded conductive barrier that will safely absorb and dissipate the discharge.

If none of the above control techniques can be applied, the impacts of the discharge from the dielectric material shall be assessed for an approval.

Ungrounded (floating) conductors shall not be allowed in the pressure transducers.  This includes unused wires in harnesses; ground test sensors; unused or unpopulated circuit board traces; ungrounded IC, relay, transistor, or capacitor cases; spare pins in connectors; aluminum or copper tape; ungrounded bracketry for harness or connectors; TC105 harness tie-down clips; harness P-clamps; conductive epoxy; thermostat cases; screws; or nut plates.

Leakage impedance of conductive internal parts shall be less than 10,000 Ω.  This requirement applies to conductive fittings on dielectric structural parts.  Further investigation into these effects and mitigations of internal charging can be found in the NASA document, “Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging Effects,” NASA-HDBK-4002.

3.4.7 Dielectric Strength

Dielectric material between mutually isolated electrical circuits shall withstand a test voltage of at least 200VAC for 60 seconds without exceeding a current of 1.0 mA.

3.4.8 Insulation Resistance

Insulation resistance between mutually isolated electrical circuits shall be at least 100 MΩ at a test voltage of at least 500VDC for 60 seconds minimum.

3.4.9 EMI/EMC

The vendor shall show that the pressure transducer designs are qualified to the EMI/EMC levels described in the following section.  Acceptable levels of emissions and susceptibility may differ and will be shown in the applicable figures.

•
Component Level:  CS01/02, CS06, CE01/CE03, RS03, and RE02

3.4.9.1 Conducted Susceptibility (CS)

No undesirable response, malfunction, or degradation of performance shall be produced in the transducers during CS test when subjected to the tests specified below.  Performance deviation is acceptable as long as the unit under test shall survive the component CS test levels and meets all performance requirements with the instrument system CS test levels.  The CS01 and CS02 test limits shall be per Table 7 below.

Table 7: SDO Conducted Susceptibility Levels

	Test
	Frequency Range
	Level [VRMS]

	CS01
	30 Hz – 1.5 kHz
	2.8

	
	1.5 kHz – 50 kHz
	Decreasing from
2.8 – 1.0

	CS02
	50 kHz – 400 MHz
	1.0


The CS06 test consists of both a positive transient test and a negative transient test, having an amplitude of 28V superimposed on the 28V power bus as shown in Figure 1.  The CS06 test method used shall be as per CS06 as defined in MIL-STD-462.  This pulse shall be limited to 56V peak absolute value and 10 μs from 0.5 x E (peak) to the 28V steady-state value crossing point.  This pulse width and height are specified per the pulse-generating method as provided in MIL-STD-462.

Figure 1: CS06 Conducted Susceptibility Test Pulse
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3.4.9.2 Conducted Emissions (CE)

Conducted emissions shall not exceed the values shown in Figure 2 when subjected to narrowband testing per CE01 and CE03 as performed per MIL-STD-462.  CE01 and CE03 shall be performed on all power and return lines to each transducer.  Transient current pulses, both single event (excluding turn-on) and recurring, shall also be contained within the limits as specified herein.

Applicable test parameters and limits are as follows for narrowband-conducted emissions:

a. Interface lines to be measured are differential mode current lines:

i. +28V inputs

ii. 28V input returns

b. Interface lines to be measured are common mode current lines:

i. +28V power inputs with return including heater circuits

c. Differential mode narrowband test limits are 120 dB-(A (1.0 ARMS) from 30 Hz to
450 Hz, then decreasing to 50 dB-(A (10 mARMS) at 20 kHz, then decreasing to 20 dB-μA (10 (ARMS) at 2 MHz, and then continuing at that level to 50 MHz.

Common mode narrowband test limits are 50 dB-(A (0.316 mARMS) from 30 Hz to 15 kHz, then decreasing to 20 dB-μA (10 (ARMS) at 2 MHz, and then continuing at that level to 50 MHz.

Broadband conducted emissions testing shall not be required unless the transducers contain motors with brushes or similar noisy equipment that generates a broadband EMI spectrum.

Figure 2: Narrowband-Conducted Emissions CE01/CE03 Limits
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3.4.9.3 Radiated Susceptibility (RS)

No undesirable response, malfunction, or degradation of performance shall be produced when subjected to the transmitted frequencies and E-field levels shown in Table 8.  The SDO ELV will be serviced and launched from the Cape Canaveral Air Station in Florida and can be exposed to the maximum transmitter limits shown in Table 8.

The electronics shall survive the RS test at the launch site transmitter frequency bandwidths and levels.  The pressure transducers must be powered during the RS test at the ELV S-band and
C-band transmitter frequencies since the transducers are powered on at launch.  The RS03 test methods used shall be per MIL-STD-462.

The electronics shall operate during the RS test at the observatory transmitter frequency bandwidths and levels.  The transducers shall be powered and in their normal flight operating modes during GEVS-level, SDO S-band, and SDO Ka-band testing.

Table 8: SDO Launch and Ascent Transmitters

	Frequency Range
	Test Level

	14 kHz – 2 GHz
	2 V/m (GEVS-SE)i

	2 GHz – 12 GHz
	5 V/m (GEVS-SE)i

	12 GHz – 28 GHz
	10 V/m (GEVS-SE)i

	2.22 GHz
	7 V/m SDO S-Band XMTRi

	2.2 GHz – 2.5 GHz
	45 V/m (Atlas V) S-Bandii

	5.6 GHz – 5.8 GHz
	45 V/m (Atlas V) C-Bandii


i
SDO Observatory transmitter frequency

ii
Launch vehicle transmitter frequency

3.4.9.4 Radiated Emissions (RE)

Radiated electric field emissions while in normal operating mode, shall not exceed the limits shown in Figure 3 (lower line).  The test method used shall be RE02 per MIL-STD-462.

Figure 3: RE02 Radiated Narrowband Emission Limits for the Observatory & Subsystems
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3.4.9.5 Common Mode Noise

During all normal operating modes, the pressure transducers shall not produce common mode voltage exceeding 100 mV peak-to-peak.  Measurements to verify compliance with this requirement shall be made between:

a. Power (+28V) and component chassis

b. Power return and component chassis

c. Signal ground and chassis

These measurements shall be made with a Line Impedance Simulation Network (LISN) placed between the power source and the transducer under test.  The recommended LISN has a relatively flat impedance of approximately 500 ( over a wide frequency range.  The LISN and test instructions can be provided as Government Furnished Equipment, if desired.

3.4.10 Reserved

3.5 Life Requirements

3.5.1 Mission Life

The orbit life of the pressure transducers shall be 63 months as defined herein.

3.5.2 Shelf Life

The pressure transducers shall not suffer any degradation in performance when stored for ten years when packaged using agreed-to procedures.

3.6 Environmental Requirements

The pressure transducers shall be designed to withstand (without degradation of specified performance) the operational and non-operational environments specified in the following section.

3.6.1 Static Loads

The pressure transducers shall be designed to withstand interface limit loads of 40.0 g’s.  Loads are considered to act in any direction, individually.  Structural analyses shall be performed to show positive margins of safety using a factor of 1.25X with regard to yield and 1.4X with regard to ultimate material strength.

3.6.2 Vibration Loads

The pressure transducers shall be capable of withstanding the random vibration levels shown in Table 9, individually applied to three mutually orthogonal axes.  The transducers shall meet this requirement when powered.

Table 9: Random Vibration Levels

	Frequency

[Hz]
	Acceptance

Levels1
	Qualification

Levels2

	20
	0.013 g2/Hz
	0.026 g2/Hz

	20-50
	+6 dB/Oct.
	+6 dB/Oct.

	50-800
	0.08 g2/Hz
	0.16 g2/Hz

	800-2000
	-6 dB/Oct.
	-6 dB/Oct.

	2000
	0.013 g2/Hz
	0.026 g2/Hz

	Overall GRMS
	10.0
	14.1


1For follow-on and flight spare hardware

2For protoflight hardware only

3.6.3 Shock

The pressure transducers shall be capable of withstanding the maximum shock environment shown in Table 10.  The transducers shall meet this requirement when powered.  For known shock sensitivities, data shall be supplied to GSFC.

Table 10: Maximum Expected Shock Environment (Q = 10)

	Frequency

[Hz]
	Acceptance

Levels1
[g]
	Qualification

Levels2
[g]

	100
	150
	210

	2000
	4000
	5600

	10000
	4000
	5600


1For follow-on and flight spare hardware

2For protoflight hardware only

3.6.4 Acoustic

The pressure transducers will be subjected to acoustic environments at the spacecraft level testing and launch and must be capable of withstanding the protoflight acoustic environment as defined in Table 11.  The transducers shall meet this requirement when powered.

Table 11: Acoustic Levels

	1/3 Oct. Center Frequency

[Hz]
	Acceptance SPL

[dB]
	Protoflight Qualification SPL

[dB]

	32
	119.5
	122.5

	40
	125.0
	128.0

	50
	125.2
	128.2

	63
	126.3
	129.3

	80
	128.0
	131.0

	100
	129.0
	132.0

	125
	130.5
	133.5

	160
	131.0
	134.0

	200
	132.0
	135.0

	250
	131.5
	134.5

	315
	131.0
	134.0

	400
	130.5
	133.5

	500
	130.0
	133.0

	630
	128.5
	131.5

	800
	127.0
	130.0

	1000
	124.0
	127.0

	1250
	122.0
	125.0

	1600
	120.5
	123.5

	2000
	121.0
	124.0

	2500
	118.0
	121.0

	3150
	117.5
	120.5

	4000
	115.5
	118.5

	5000
	114.5
	117.5

	6300
	113.5
	116.5

	8000
	114.0
	117.0

	10000
	114.5
	117.5

	OASPL
	141.3
	144.3


3.6.5 Thermal

The pressure transducers shall be capable of operation in a vacuum with temperatures defined in Table 12.  Unless specifically approved by the COTR, the thermal design shall dissipate heat conductively through the mounting interface, which should be assumed to be at the qualification temperatures.

Table 12: Temperature Limits at Mounting Interface

	Transducer
	Operational
Temperature
Range1
	Acceptance
Temperature
Range2
	Qualification
Temperature
Range3
	Survival Temperature Range4

	A
	-40ºC – +40ºC
	-45ºC – +45ºC
	-50ºC – +50ºC
	-40ºC – +50ºC

	B
	0ºC – +40ºC
	-5ºC – +45ºC
	-10ºC – +50ºC
	-20ºC – +50ºC


1
Nominal expected orbital range

2
Test temperatures for follow-on and flight spare hardware; conducted on flight hardware for which the design has already undergone a qualification program

3
Maximum performance limits; test temperatures for protoflight hardware if design is not previously qualified

4
Pressure transducers must withstand these temperatures without sustaining permanent damage; transducers must turn on at these extremes but do not need to meet performance requirements

Actual survival temperature values for the pressure transducers shall be supplied in the Pressure Transducer Operational Constraints Document.

3.6.6 Vacuum Environment

The pressure transducers shall be capable of meeting all performance requirements herein with external pressures of 0 psig and below, including an external vacuum environment of
2 x 10-7 psia (1.3 x 10-3 Pa), or less.

3.6.7 Reserved

3.6.8 Radiation – Total Dose

The SDO spacecraft will be positioned in geosynchronous orbit (GEO).  The total ionizing dose (TID) of radiation is not likely to exceed the values shown in Figure 4.

a. Each pressure transducer shall be capable of fulfilling its intended application after accumulated exposure based on shielding provided by the contractor as shown in
Figure 4.  The contractor shall apply a factor of 2 to the values shown in Figure 4.  Contractor should assume 40 mils of effective shielding being provided by the spacecraft structure.

b. All linear bipolar components shall be tolerant to the effects of enhanced low dose rates.  Linear bipolar components are of special concern for TID degradation, because they may exhibit enhanced degradation when exposed to the low dose rates typical in space environments – a phenomenon called enhanced low dose rate sensitivity.

c. The contractor shall verify that the performance of devices (for example, bipolar technologies) susceptible to proton displacement damage is unlikely to be compromised by exposure to an equivalent cumulative fluence of 3 x 1011 10-MeV protons.

Figure 4: Dose-Depth Curve for SDO for a 5-Year Mission in GEO

(A factor of 2x design margin must be applied to these values.)
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3.6.8.1 Non-Destructive Single Event Effects (SEE)

a. The contractor shall demonstrate that for non-destructive SEE, such as single event upset (SEU), the minimum linear energy transfer (LET) for each pressure transducer shall be greater than 37 MeV-cm2/mg.

b. The contractor must consider that there is no geomagnetic shielding for the SDO S/C orbit, and that high LET particles are not considered to be attenuated.

c. If a device is not immune to SEE as defined in (a) above, analysis for SEE rates and effects must be performed based on threshold LET of the candidate devices.  The analysis shall use the LET spectra shown in Figure 5.  Effects due to both the galactic cosmic heavy ion and solar heavy ion environment shall be assessed and approved by the GSFC COTR.

3.6.8.2 Destructive Single Event Effects

The contractor shall demonstrate that for destructive SEE, such as single event latch-up (SEL), the minimum LET for the pressure transducers shall be 100 MeV-cm2/mg.

Power MOSFET or bipolar transistors must be derated into their safe operating areas to prevent single-event gate rupture (SEGR) and single-event burnout (SEB).

Figure 5: LET Spectra for Single Event Effects
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3.6.9 Humidity

The pressure transducers shall be capable of meeting the requirements herein during and after exposure to 20% to 70% relative humidity for the duration of the shelf life specified herein.

3.6.10 Reserved

3.6.11 Magnetic Dipole

Each pressure transducer is not required to be magnetic dipole tested; however, any transducer part exceeding 3 A-m2 dipole moment shall be identified and approved for use by the GSFC COTR.  This requirement may be satisfied by analysis.

If a magnetics test is performed, the test shall occur after vibration testing, since magnetic fields induced by the vibration lab may reside in the component following the vibration test sequence.

4.0 Verification Requirements

The contractor shall conduct a verification program that demonstrates the hardware design is qualified and meets all requirements contained in this document.  The contractor shall provide a verification matrix defining the method of verification for each specific requirement of this document.  Verification methods include inspection, analysis, test or a combination of these techniques.

4.1 Inspection

Verification by inspection includes visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

4.1.1 Visual Inspection

Visual inspection of the physical hardware by a customer-appointed qualified inspector.

4.1.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) demonstrating that the hardware meets a specific requirement.

4.1.3 Documentation Search

Verification of requirements based on similarity shall include supporting rationale and documentation and shall be approved by the GSFC COTR.

4.2 Analysis

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with GSFC COTR approval.

4.3 Test

Detailed test of performance and/or functionality using a properly configured test setup where all critical data taken during the test period is captured for review.

Performance parameter measurements shall be taken to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a constant degradation of performance within specification limits that could result in unacceptable performance in flight.

4.4 Test Restrictions

All test measurement devices and instrumentation shall be in compliance with ISO 10012-ED1.

4.4.1 Anomaly During Tests

Acceptance testing shall be halted (as appropriate) if an anomaly occurs during testing to prevent potential damage to hardware and to preserve the failure configuration.  Anomaly investigations shall be conducted in accordance with the manufacturer’s approved procedure(s).  As stated in Section 6.1.4 of the Statement of Work 464-PROP-LEGL-0056, all anomalies shall be reported to the COTR within 24 hours of the anomaly.

4.4.2 Modification of Flight Hardware

Once the formal acceptance test has started, adjustment or modification of flight hardware shall not be permitted unless fully documented and approved prior to execution.

4.4.3 Re-Test Requirements

If any event, including test failure, requires flight hardware to be disassembled and reassembled, then all tests performed prior to the event must be considered for repeat.  If the flight item has multiple copies of the same build, then all units shall be examined to determine if the problem is common.  If all copies require disassembly for repair, then each shall receive the same test sequence.

4.5 Required Verification Methods

The following measurements, tests, environments, and inspections are required for each pressure transducer to provide assurance that the transducer meets specified performance, functional, environmental, and design requirements.  Each test or demonstration is described below.

a. Weight Measurement

b. Functional Tests

c. EMI/EMC Tests

d. Proof Pressure Test

e. External Leakage Test

f. Shock Test

g. Loads Tests (protoflight hardware only)

h. Random Vibration Test

i. Thermal Vacuum Test

j. Cleanliness (Internal and External)

k. Magnetic Dipole Verification (if necessary)

4.5.1 Weight Measurement

Measurement of the weight of the pressure transducer shall be made to show compliance with specified requirements and provide accurate data for the mass properties control program.

4.5.2 Functional Tests

The pressure transducer shall be tested to demonstrate compliance with the performance requirements specified herein.  The tests described in this section shall be conducted at the beginning and end of the acceptance testing program (or qualification program for protoflight hardware) and throughout the thermal vacuum cycling to show that changes or degradation to the transducer have not resulted from environmental exposure, handling, and transporting.

4.5.2.1 Excitation Voltage

The pressure transducer shall be powered first using minimum voltage (19V), then using nominal voltage (28V), and finally using maximum voltage (35V).  This test shall verify output from the transducer throughout the required voltage range.

4.5.2.2 Insulation Resistance

The pressure transducer shall be tested to show compliance with Section 3.4.8.

4.5.2.3 Calibration

The pressure transducer output voltage shall be recorded at a minimum of eleven (11) points from ambient pressure to the transducer’s MEOP and back down to ambient pressure.  Whenever the pressure transducer is calibrated, the data points shall be taken with the transducer at minimum voltage (19V).  The same data points shall then be taken with the transducer at nominal voltage (28V), and finally at maximum voltage (35V).

4.5.3 EMI/EMC Tests

The tests indicated below shall be performed as noted in Section 3.4.9.

· CE01/03

· Common Mode Noise

It is encouraged to perform these EMI tests as early as possible in the acceptance test program.  All tests shall be performed with the transducer in its most sensitive mode for susceptibility testing and in its most noisy mode as appropriate for the EMI emission test.

4.5.4 Proof Pressure Test

The pressure transducer shall be pressurized to the level described in Section 3.2.2 for no less than 1 minute at ambient temperature.  Throughout the test, including pressurization and depressurization, the transducer’s output shall be recorded.  The proof pressure test shall not cause evidence of external leakage or permanent deformation.

4.5.5 External Leakage Test

The external leakage shall be in compliance with Section 3.2.8.  This requirement shall be verified before and after the random vibration test.

4.5.6 Shock Test

The pressure transducer shall be subjected to a shock test to verify the requirements specified in Section 3.6.3.  The transducer shall meet this requirement when powered.

4.5.7 Loads Tests

Structural design loads per Section 3.6.1 shall be applied to protoflight hardware.  There is no requirement to strength test flight hardware that has already been strength tested through a qualification program (i.e., there is no “acceptance level” strength test requirement for flight hardware).

Structural loads testing can be verified by performing either a fixed frequency sine burst test, or a series of static loads pull tests.  Loads developed at the mounting interface during loads tests must account for the dynamic loading and pressure loading of the pressure transducer.  No permanent deformation may occur as a result of the loads test.  An inspection shall be conducted to verify that no damage occurred due to the loads test.

The pressure transducer does not have to be powered during static loads tests.

4.5.7.1 Sine Burst

A sine burst test applies a ramped sine input at a sufficiently low frequency such that the transducer moves as a rigid body.

Duration:  5 cycles of full level amplitude

4.5.7.2 Static Pull

Static pull tests are another method to perform loads testing and can be applied at flight interfaces in a static test facility.  The loads can be applied either as component loads applied simultaneously, or the single resultant vector load can be applied to the test point.  Strain gages are generally positioned around the test point to verify deflection predictions from the analytical model.

Duration:  30 seconds

4.5.8 Random Vibration Test

The pressure transducer shall be subjected to a random vibration test along three orthogonal axes to the appropriate levels shown in Section 3.6.2.  The transducer shall be mounted to the test fixture as it would be mounted to the S/C.  The transducer shall meet this requirement when powered.

Prior to the test, a survey of the test fixture/exciter combination will be performed to evaluate the fixture dynamics and the proposed choice of control accelerometers.

Duration:  1 minute per axis

4.5.9 Reserved

4.5.10 Reserved

4.5.11 Thermal Vacuum Test

The pressure transducer shall be cycled a total of eight (8) times from room temperature to the hot limit test temperature to the cold limit test temperature (see Figure 6).  During each cycle, the transducer shall be held at each extreme for 4 hours.  During the thermal vacuum testing, chamber pressure shall be less than 2 x 10-7 psia (1.3 x 10-3 Pa).  The transducer shall be in flight configuration and pressurized to MEOP with a pressurant test gas, and the output of the transducer shall be recorded throughout the thermal vacuum testing.

Figure 6: Thermal Vacuum Profile
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1. The first two cycles shall peak at the survival temperature limits for 1 hour before returning to the test temperature limits for a 4-hour soak.  While at each survival peak, the pressure transducer shall be powered with a test voltage of 28V (nominal voltage).  If the test temperature exceeds the survival temperature, then the pressure transducer shall only endure a 4-hour soak at the test temperature.  Once the transducer has reached the test temperature limits, it shall be powered with a test voltage of 28V.

2. This cycle shall hold the pressure transducer at each test temperature limit for a minimum of 4 hours.  At the extremes of this cycle, the transducer shall be powered with a test voltage of 19V (minimum voltage).

3. These cycles shall hold the pressure transducer at each test temperature limit for a minimum of 4 hours.  At the extremes of these cycles, the transducer shall be powered with a test voltage of 28V.

4. This cycle shall hold the pressure transducer at each test temperature limit for a minimum of 4 hours.  At the extremes of this cycle, the transducer shall be powered with a test voltage of 35V (maximum voltage).

5. This cycle shall hold the pressure transducer at each test temperature limit for a minimum of 4 hours.  At the extremes of this cycle, the transducer shall be tested for functionality as specified in Section 4.5.2.

6. The thermal vacuum test ends on a 4-hour hot soak to avoid contamination of the pressure transducer (see Section 4.5.11.2).

For all follow-on and flight spare hardware, the “test temperature” limits mentioned above shall be the acceptance temperature limits specified in Section 3.6.5.  For all protoflight hardware, the “test temperature” limits mentioned above shall be the qualification temperature limits specified in Section 3.6.5.

4.5.11.1 Reserved

4.5.11.2 Temperature Transitions

Transitions from cold to hot conditions increase contamination hazards because material that has accreted on the chamber walls may evaporate and deposit on the relatively cool test item.  Transitions will be conducted at rates sufficiently slow to prevent that from occurring.  Testing shall start with a hot plateau and end with a hot plateau to minimize this risk.

4.5.11.3 Reserved

4.5.11.4 Reserved

4.5.11.5 Reserved

4.5.12 Cleanliness (Internal and External)

The internal and external cleanliness of the pressure transducer shall be shown to be in compliance with Section 3.3.8 of this document.

4.5.13 Reserved
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