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1. introduction

1.1 Bacground.

This document describes a comprehensive test program to demonstrate that the performance of the Full Sky Astrometric Mapping Explorer (FAME) will be within specifications and requirements of the FAME Mission Requirements Document, NCST-D-FM001, after exposure to the launch, deployment and on orbit environments associated with its intended applications. Verification of FAME along with its components and subsystems will be accomplished by a combination of analysis and testing.  Integration and test activities associated with final checkout and payload integration that will take place at the launch site are defined and controlled in a separate set of documents.

New versions of this plan will be generated as required.  This test plan should be used in conjunction with the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.  Procedures for specific tests will be written as required and converted into as-run test reports as testing progresses.

1.2 Scope.

This plan covers the following areas in detail:

· Overall test philosophy

· Test tailoring guidelines

· Engineering Model testing with instrument mass simulator 

· System level Spacecraft testing with Instrument

· Component random vibration testing

For completeness the following areas are addressed and shown as requirements but testing details will be covered in separate test plans:

· Instrument Testing

· EMI testing

· Component thermal testing

· Electrical functional testing

2. applicable documents

2.1 Government Documents.

2.1.1 Specifications.

2.1.2 Standards.

2.1.3 Other Publications.

Number
Title
Paragraph Ref.

NCST-D-FM001
FAME Mission Requirements Document


NCST-D-FM005
FAME Product Assurance Plan


NCST-D-FM008
FAME Configuration Management Plan


NCST-D-FM017
FAME Design, Loads, and Analysis Plan


NCST-ICD-FM002
FAME Spacecraft to Launch Vehicle ICD


2.2 Revision Procedure.

New versions of this plan will be generated as required. A master copy of this test plan will be kept and redlined as testing progresses.  From time to time new revisions of this document will be released which incorporate the relines.  Each time a new revision is released, the next line on the revisions page will be completed.

2.3 Test Procedures.

All formal tests, including integration, qualification, protoflight acceptance, and acceptance tests, will be controlled and documented using test procedures. These documents will be maintained under a formal change system in accordance with the FAME Configuration Management Plan, NCST-D-FM008, to ensure that a traceable record exists defining the test or integration activity as performed.

The procedure document is to be prepared and approved by the appropriate subsystem engineer before initiation of the test activity. The approved procedure is to be available at least 7 days in advance of the test start date. This requirement applies to all integration, qualification, protoflight acceptance, and acceptance testing to be performed by NRL, contractors, or suppliers.

The test procedure is to include the following information. The format and organizational structure to be used is optional and at the discretion of the preparing agency.

1) Test objective.

2) Type of test (qualification, protoflight acceptance or acceptance; component or higher tier).

3) Test sequence and environmental levels (tests to be performed and specific environmental levels to be imposed).

4) Test specimen definition and configuration.

5) Parameters to be recorded.

6) Schematics of test setups.

7) Special precautions and safety considerations to be observed.

8) Definition and descriptions of test equipment and systems.

9) Data recording descriptions and formats.

10) Procedural steps to be employed in conduct of the test.

11) Organization responsible for conduct of the test and the location of the test activities.

12) Responsible personnel and phone numbers

13) Test schedule (detailed timeline schedule).

14) Test software lists

15) Test failure reporting and documentation requirements 

The test procedure is to be revised as necessary to represent “as-run” condition should testing be modified during the actual test operation and as soon as practical after test completion. 

2.4 Test Reports.

Test results, as specified by the program manager, will be documented in formal test reports. The format and organizational structure of the test report are optional and at the discretion of the preparing agency. Where practical, the test procedure can be converted into the test report at the conclusion of the testing activity. The test report is to include the following information:

1) Introduction and objectives (summary of test procedure information and test procedure document reference).

2) Test specimen definition (including P/N and S/N) and test setup description.

3) Test data, test data analysis, and test results.

4) Test conclusions.

5) Discussion of problems, anomalies, or failure encountered during tests and resultant resolutions.

6) Verification statement as to qualification, protoflight acceptance, acceptance of test hardware.

7) Verification of math model, where applicable.

8) Period of performance by calendar dates.

9) Location of the test activity.

10) Copy of “as-run” procedures.

2.5 Discrepancy Reports.

All anomalies and failures occurring during testing will be documented and evaluated. The results of the evaluation will be dispositioned as established by the FAME Product Assurance Plan, NCST-D-FM005.

If a discrepancy occurs during testing, the test is to be interrupted and the discrepancy verified.  The disposition of the discrepancy is to be made and documented before the testing resumes.

3. system description

This section describes the FAME System.  The FAME system is shown in Figure 3-1.  

3.1 Hardware Assembly Matrix.

The matrix shown in figure 3-2 illustrates the relationships between FAME hardware with respect to assembly and integration.

3.2 Hardware Classification.

Component-level hardware and subsystems are classified into four categories based on design application and testing status of the hardware. These categories are defined below:

1) Category A: All components designed specifically for the FAME program.

2) Category B: Components developed for other programs, but whose design, fabrication, control procedures, parts, or materials must be changed for FAME program application.

3) Category C: Components developed and qualified for another program that require no physical change for FAME use, but must be qualified to different environmental levels for use on the FAME.

4) Category D: Components developed and qualified for previous programs with design and test requirements equaling or exceeding the FAME program requirements.

All components or equipment (assemblies) with Category A or B hardware must be subjected to a complete protoflight acceptance program before use on the FAME. This protoflight acceptance program will be accomplished by test, analysis, previous protoflight acceptance testing, or by a combination of these. 

Protoflight acceptance test will be the principal method employed where practical. Equipment classified as Category C will be subjected to: (1) only the more stringent environmental-level testing if analysis can verify that no other protoflight acceptance areas for that equipment are affected by the more stringent environment, or (2) full protoflight acceptance if (1) is not applicable. 

Category D hardware need not be requalified at the component level, but will be subjected to environmental testing applicable to the system-level test programs. A protoflight acceptance report is required on Category D hardware presenting the analysis to verify that the hardware has been previously qualified to FAME environmental levels.  

If a non-flight qualification unit is available for any category component, it may undergo qualification testing as determined by program requirements.

The table shown in figure 3-2 lists the FAME hardware elements, their interrelationship to the system, and the hardware category for each of the FAME hardware elements as established above. 

4. overall test philosophy

4.1 Test Philosophy Matrix.

Verification of the design and flight acceptance of the FAME along with its components and subsystems will be accomplished by a combination of new testing, similarity analysis to previous testing and analysis. An overview of this philosophy is shown in the following matrix. More detailed information will be provided in following sections.


Bus (or EM) With Mass Simulated Instrument


Spacecraft 

(Bus With Instrument)


Instrument
Subsystems
Components

Mass

Properties


Measured Weight, CG / Spin Balance
Measured Weight,  CG / Spin Balance
Measured  

Weight & CG,


Measured  Weight CG
Measured Weight

Loads


Sine Burst Test or Static Pull or Combination of Both
None


Static Loads on Composite Truss
N/A
Sine Burst Test or Analysis

Loads 

Model
Correlation
Modal Testing & Analysis
Modal Testing & Analysis
(Limited) Modal Testing & Correlation (Verify First Two Modes)
N/A
N/A

Acoustic

Testing


System Level Acoustic Test at Protoflight Level
System Level Acoustic Test at Protoflight Level
Instrument Level Acoustic Test at Flight Level
N/A – Done at System Level


N/A – Done at System Level



Random

Vibration

Testing


System Level Random Test

 20 to 200 Hz


System Level Random Test

 20 to 200 Hz


Instrument Level Random Test Frequency Range TBD
N/A – Done at System Level


Individual Component Random Vibration



Pyrotechnic Shock

Testing


System Level Shock Test

· Marmon Clamp

· Frangibolts
System Level Shock Test

· Marmon Clamp

· Frangibolts
N/A – Done at System Level 
N/A – Done at System Level


Component Shock Testing for Shock Sensitive Components

Mechanism Deployment


Yes
Yes
Yes
Yes
Yes

Thermal Design Verification (TDVT)


System Level TDVT
None
Thermal Balance Performed With TVAC
N/A
N/A

Thermal Cycling 


N/A
N/A
N/A
N/A
Thermal Cycling

In Air



Burn-in


N/A
N/A
N/A
N/A
200 hrs With Last 50 hrs Failure Free



Thermal Vacuum


N/A
System Level Thermal Vacuum Test
Instrument Level TVAC
As Required
Or Thermal Cycling



Pressure


N/A
N/A
N/A
N/A
Burst and Proof Testing



Venting


By Analysis
By Analysis
By Analysis
By Analysis
By Analysis

EMI / EMC
Range Safety Self Compatibility

& TBD
Range Safety Self Compatibility

& TBD
TBD
N/A
TBD



Magnetic Balance
None
Balance S/C dipole to TBD A-m2
None
N/A
N/A

4.2 Test Level and Design Margins.

The following matrix illustrates the test level margins that shall be used:


Qualification Test
Protoflight Test


Yield
Ultimate

Static Loads With Test (Metallics)


1.05 X Max Expected 

Flight (DLL)


1.05 X Max Expected 

Flight (DLL)


1.1 X Design Limit Loads
1.4 X Design Limit Loads

Static Loads With Test (Composites)


Proof Test

1.25  X Max Expected 

Flight (DLL)


Proof Test

1.25  X Max Expected 

Flight (DLL)


N/A
1.4 X Design Limit Loads

Static Loads  Without Test

(Metallics Only)


N/A
N/A
TBD X Design Limit Loads
TBD X Design Limit Loads

Random Vibration
Flight + 6 dB for  Two Minutes


Flight + 3 dB for  Two Minutes


N/A
N/A

Acoustic
Flight + 6 dB for Two Minutes


Flight + 3 dB for Two Minutes


N/A
N/A

Pyrotechnic Shock


Fire Ordnance Three Times


Fire Ordnance Twice


N/A
N/A

Thermal Cycling


9 Cycles

10 Degrees C Beyond Max/Min Flight Temperatures


9 Cycles

5 Degrees C Beyond Max/Min Flight Temperatures


N/A
N/A

Burn-in


200 hrs with Last 50 hrs failure free


200 hrs with Last 50 hrs failure free


N/A
N/A

Thermal

Vacuum


TBD Cycles

10 Degrees C Beyond Max/Min Flight Temperatures


TBD Cycles

5 Degrees C Beyond Max/Min Flight Temperatures


N/A
N/A

Pressure


Proof Test   

TBD X Maximum Operating Pressure


Proof Test 

TBD X Maximum Operating Pressure


N/A
Burst Test   

 2.0 X Maximum Operating Pressure

4.3 Random Vibration Test Tailoring Guidelines.

Tailoring of random vibration input spectra may be performed for the following situations:

1) Bus System Level Random Vibration test

2) Instrument Level Random Vibration test

3) Major component and subsystem random vibration testing with approval and monitoring by the analysis group.  (202 767 4689 / 6431)

In these situations the random vibration input spectrum may be reduced or notched in limited frequency bandwidths in order to prevent test article responses from exceeding predetermined levels which are based on design limit load considerations.  This technique is justified in some cases to remove excess test setup induced conservatism.

4.3.1 Test Tailoring for the FAME System Level Random Vibration Test.

FAME system level random vibration testing is performed in the X,Y and Z axes.  The input spectrum will be tailored to maintain primary mode peak acceleration responses on decks and major concentrated masses below appropriate design limit levels.  Primary mode response is determined by calculating the G peak response due to the energy residing in the PSD bandwidth from 0 Hz to just beyond the upper frequency rolloff of the first major mode of vibration.

4.3.2 Test Tailoring for Approved Major Component Testing.

In certain situations where a component or subsystem random vibration test is expected to produce overly conservative test item responses approval may be obtained to tailor the input spectrum. The input spectrum will be tailored to maintain primary mode peak acceleration for the center of mass below appropriate design limit levels.  These levels may be supplied by the analysis group or taken from the Mass Acceleration Curve (MAC).  Primary mode response is determined by calculating the G peak response due to the energy residing in the PSD bandwidth from 0 Hz to just beyond the upper frequency rolloff of the first major mode of vibration.

4.4 Overall Test Flow.

The overall FAME Program Test Flow is shown in the figure 4-1.

5. environments

5.1 Design, Loads, and Analysis Plan.

Environments used as the basis for test levels in this Test Plan are derived from those specified in the FAME Design, Loads, and Analysis Plan, document number NCST-D-FM017.

6. qualification

7. protoflight acceptance

Protoflight acceptance testing is performed as required on FAME hardware to demonstrate that the equipment design and workmanship meets all applicable specifications and is suitable to fulfill its function in the FAME environments.  

Protoflight acceptance testing is conducted at the component level and at higher tiers (i.e., subsystem level, Bus level and integrated Spacecraft system level on all flight configuration hardware).  Component level protoflight acceptance testing verifies that the functional characteristics of component hardware are in compliance with specification and operational requirements before committing the component to the higher tier protoflight acceptance program.  Where appropriate, however, component protoflight acceptance to specific environmental conditions is accomplished at realistic test conditions (i.e., acoustics, pyrotechnic shock, etc.)

Protoflight acceptance testing of non-flight hardware also provides a procedural pathfinder for later testing of flight acceptance hardware.

7.1 FAME Bus Protoflight Acceptance or Engineering Model Qualification.

This section of the test plan discusses the system level testing involving the FAME Bus Assembly integrated with the Instrument simulator panel.  The following matrix describes the mechanical protoflight acceptance philosophy for the FAME Bus.


Bus Protoflight Acceptance 


Engineering Model Qualification 



Mass Properties


Measured Weight,  Center of Gravity

Spin Balance


Measured Weight,  Center of Gravity

Spin Balance



Loads


Sine Burst or Static Pull

1.05 X Design Loads


Sine Burst or Static Pull

1.05 X Design Loads



Modal Testing for 

Model Correlation


Yes


Yes



Acoustic


Flight Level +3 dB for 2 Minutes

Vibro-acoustic responses used to estimate component random vibration test levels


Flight Level +6 dB for 2 Minutes

Vibro-acoustic responses used to estimate component random vibration test levels



System Random

Workmanship

 Vibration


Flight Level +3 dB for 2 Minutes

All 3 Axes


Flight Level +6 dB for 2 Minutes

All 3 Axes



Pyrotechnic  Shock


All ordnance fired twice

Shock Response Measurements used to determine component Pyrotechnic Shock Design Levels


All ordnance fired three times

Shock Response Measurements used to determine component Pyrotechnic Shock Design Levels



Deployment Testing


TBD


TBD



Thermal Design

Verification (TDVT)


YES


YES



Thermal /

Thermal Vacuum


NONE


NONE



EMI / EMC
TBD


TBD



7.1.1 Mass Properties.

TBD

7.1.2 Static Loads.

TBD

7.1.3 Modal Testing.

TBD

7.1.4 Acoustic Testing.

TBD

7.1.5 Random Vibration.

TBD

7.1.6 Pyrotechnic Shock.

TBD

7.1.7 Mechanism Deployment Testing.

TBD

7.1.8 Thermal Design Verification.

TBD

7.1.8.1 Thermal/Thermal Vacuum.

None, TVAC performed for flight acceptance only.

7.1.8.2 EMI/EMC.

TBD

7.2 Spacecraft Protoflight Acceptance.

This section of the test plan discusses the system level testing involving the FAME Spacecraft Assembly integrated with the Instrument panel.  The following matrix describes the mechanical protoflight acceptance philosophy for the FAME Bus.


Protoflight Acceptance Method 



Mass Properties


Measured Weight, Center of Gravity

Spin Balance



Loads


None



Modal Testing for 

Model Correlation


None



Acoustic


Flight Level +3 dB for 2 Minutes

Vibro-acoustic responses used to verify component random vibration test levels



System Random

Workmanship

 Vibration


Flight Level +3 dB for 2 Minutes

All 3 Axes



Pyrotechnic  Shock


All ordnance fired twice



Deployment Testing


Yes



Thermal Design

Verification (TDVT)


None



Thermal /

Thermal Vacuum


Yes



EMI / EMC
Yes



7.2.1 Mass Properties.

TBD

7.2.2 Static Loads.

TBD

7.2.3 Modal Testing.

TBD

7.2.4 Acoustic Testing.

TBD

7.2.5 Random Vibration.

TBD

7.2.6 Pyrotechnic Shock.

TBD

7.2.7 Mechanism Deployment Testing.

TBD

7.2.8 Thermal Design Verification.

None, TDVT performed at EM level.

7.2.8.1 Thermal/Thermal Vacuum.

TBD

7.2.8.2 EMI/EMC.

TBD

7.3 Component Protoflight Acceptance.

Component protoflight acceptance testing verifies that flight components have adequate design margin and acceptable workmanship by subjecting them to loads that are somewhat higher than maximum expected flight loads for an extended duration. Flight components are used for component protoflight acceptance.  

This section provides the information required for FAME component protoflight acceptance testing.  Appendix A contains test matrices, which summarize the environmental tests required for each component.

The pass/fail criteria for any component is that the component shall survive all specified environmental testing without measurable structural or performance degradation.

7.3.1 Component Functional and Performance Testing.

Functional and performance testing shall be performed as part of the component protoflight acceptance test scenario to verify that the electrical, optical and mechanical performance of the component meets the component’s operational requirements as specified in the critical component procurement specification.  Functional and performance testing are specified in the component test plan.

7.3.2 Component Protoflight Acceptance Acceleration Loads.

Component designs shall be qualified for acceleration loads by either test or analysis methods as specified in appendix A.  The following paragraphs describe these methods.

7.3.2.1 Component Acceleration Loads Testing.

An acceleration load test may be performed on the component to the levels specified by the Mass Acceleration Curve (MAC), which is contained in the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.  The actual test applied acceleration will be the load from the MAC times the appropriate test factor of safety from the FAME Design, Loads, and Analysis Plan.

The acceleration load must be applied in each of three orthogonal axes independently.  The test may be in the form of a centrifuge test, a static pull test or a sine burst test.  The sine burst test is performed using the same facilities and fixtures as the random vibration test and the input frequency should be no higher than one third the first mode frequency of the component.

7.3.2.2 Component Acceleration Loads Analysis.

Instead of acceleration loads testing, acceleration loads analysis may be performed.  This is done using the techniques specified in the Loads Analysis section of the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.  The acceleration load for analysis will be taken from the MAC in the FAME Design, Loads, and Analysis Plan, times the appropriate analysis factor of safety.

7.3.3 Component Protoflight Acceptance Random Vibration.

Protoflight acceptance components are required to undergo random vibration testing as specified in Appendix A.  Test levels and test tolerances for protoflight acceptance random vibration are specified in the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.  Components shall be random vibration tested in each of three orthogonal axes and there may be different test specifications for different axes of the same component.  

The component shall be attached to the shaker table using a test fixture that is sufficiently rigid so that test level input control is attainable within the specified tolerances as specified in the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.  Also, the test fixture shall not induce additional vibration loads in any direction, that are above the intended input spectrum and could be considered an overtest to the component.  The same test fixture must be used for both protoflight acceptance and acceptance testing.  Except for simple flat plate fixtures, the suitability of the fixture and test control must be established before protoflight acceptance level testing.

Strain gage or accelerometer instrumentation should be installed on the component if significant or problematic structural response is expected.  For components with a large amount of surface area, the random vibration test may be supplemented with or replaced by an acoustic test as specified in Appendix A.

7.3.4 Component Protoflight Acceptance Acoustic.

When it is determined that critical dynamic loads on a component are generated by the direct impingement of acoustic sound pressure, random vibration testing may be supplemented with or replaced by an acoustic test. In this situation a protoflight acceptance component will be required to undergo protoflight acceptance level acoustic testing as specified in Appendix A. Test levels and test tolerances for protoflight acceptance acoustic testing are specified in the FAME Design, Loads, and Analysis Plan, NCST-D-FM017.

Components shall be mounted in the acoustic chamber as close as practical to the center of the chamber.  Depending on the physical nature of the component, it will either be mounted similar to its in-service configuration or supported on a low frequency suspension system. The suspension system should be designed such that acoustic sound pressure impingement on it does not cause additional vibro-acoustic energy to be transmitted to the component under test.  Strain gage and / or accelerometer instrumentation should be installed as appropriate to measure vibro-acoustic responses.

7.3.5 Component Protoflight Acceptance Pyrotechnic Shock.

Components will undergo individual protoflight acceptance pyroshock testing if the component generates a shock event due to its own operation or if the component is at risk of failure by the nature of its design and proximity to shock producing devices 

7.3.6 Self-Induced Shock.

The component shall be exposed to self-induced shocks by actuation of all of its shock producing devices.  In this situation a protoflight acceptance undergo protoflight acceptance level pyroshock testing as specified in Appendix A. Some examples of self-induced shocks are mechanism release and actuation of pin pullers.  When the component contains such devices, it shall be exposed to each shock source two times.  Acceleration responses in the form of time histories and shock response spectra should be measured for each shock event.

7.3.7 Components Exposed to External Shocks.

Shock sensitive components mounted in areas of the spacecraft that see high pyrotechnic shock levels shall be protoflight acceptance tested at the component level.  The component shall be attached to the shaker table using a test fixture that is sufficiently rigid so that test level input control is attainable within the specified tolerances as specified in FAME Design, Loads, and Analysis Plan, NCST-D-FM017.  The same fixture used for random vibration testing may be used for the shock test if desired.

The maximum estimated shock spectrum shall be applied to the component two times in the each of three orthogonal axes.

7.3.8 Component Modal Survey.

In general, modal survey testing is not performed at the component level.  An exception to this however, is when the launch-induced dynamics of the component could significantly affect the component itself, related subsystems or the whole spacecraft.  When a component modal survey is required, it is normally performed as part of the protoflight acceptance random vibration test series.  Modal response parameters in the form of natural frequencies and operating deflections shapes are generated and used for analytical model correlation or structural evaluation.

7.3.9 Component Protoflight Acceptance Thermal Cycle.

The thermal cycle test demonstrates the ability of electrical and electronic components to operate over the protoflight acceptance temperature range and to endure the thermal cycle testing imposed during acceptance testing.

The temperature cycling tests consist of 9 cycles a with minimum two hour dwell at each temperature extreme.  Transition rates shall not exceed 5 degrees C per minute.  Performance and functional testing as well as critical parameter monitoring will be performed as specified in the component test plan.  Test verification that the hottest region on the component’s external surface be less than 10 degrees C above the mounting surface is not required. Test levels and test tolerances for protoflight acceptance thermal cycling are specified in FAME Design, Loads, and Analysis Plan, NCST-D-FM017.

7.3.10 Component Protoflight Acceptance Thermal Vacuum.

The thermal vacuum test demonstrates the ability of the component to perform in the protoflight acceptance thermal vacuum environment and to endure the thermal vacuum testing imposed on flight components during acceptance testing.

Thermal vacuum testing shall consist of TBD thermal cycles at a pressure of 1X10-5 Torr or less with a minimum six-hour dwell at each of the temperature extremes.  Performance testing and critical parameter monitoring will be performed as specified in the component test plan. Test verification that the hottest region on the component’s external surface be less than 10 degrees C above the mounting surface is not required.

7.3.11 Component Protoflight Acceptance Electromagnetic Compatibility.

The component electromagnetic compatibility test demonstrates that the electromagnetic interference characteristics  (emission and susceptibility) of the component, under normal operating conditions, do not result in malfunction of the component.  It also demonstrates that the component does not emit, radiate, or conduct interference that could result in malfunction of other components.

Electromagnetic Compatibility Testing (EMC) shall compliance with the component critical item procurement specification.  EMC tests shall be based on the FAME EMI/EMC plan. For existing components, this requirement may be met by analysis or by similarity to a previously tested component.

8. notes

8.1 Abbreviations and Acronyms.

Acronym
Definition




CDR
Critical Design Review

CG
Center of Gravity

dB
Decibels

DC
Direct Current

EM
FAME Engineering Model

EMC
Electromagnetic Compatibility

EMI
Electromagnetic Interference

FAME
Full-Sky Astrometric Mapping Explorer

FS
Factor of Safety for Mechanical Stress Calculations

FRF
Frequency Response Function

GFE
Government Furnished Equipment

Gpk
Acceleration in Gís 0 to Peak (3 sigma for random)

Grms
Acceleration in G Root Mean Squared (1 sigma for random)

GSE
Ground Support Equipment

Hz
Hertz

I&T
Integration & Test

ICD
Interface Control Document

NRL
Naval Research Laboratory

PDR
Preliminary Design Review

TBD
To Be Determined
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