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1. INTRODUCTION

1.1 Purpose

The purpose of this document is to describe the development of the deliverable models of the FIRST
SPIRE instrument, including their assembly, integration and test. It aso includes the provision of the test
equipment, test facilities and simulators necessary for this development.

This document is an applicable document to the subsystems development plans, which are to be written
by the SPIRE Responsible Organisations (ROs) who will implement each subsystem (RD1 - RD14).

1.2 Scope

This document covers the development of the SPIRE instrument hardware and its on-board software and
the additional equipment required for its assembly, integration and test. The development of the SPIRE
contribution to the FIRST Ground Segment (the Instrument Control Centre) is described in the SPIRE
Science Implementation Plan (RD15).

The development activities that contribute to the provision of the instrument models take place at many
different centres, both at ROs and in industry. Those activities contributing to the development of
subsystems are detailed in the individual subsystems development plans (RD1-RD14). This plan
concentrates only on the deliveries made between ROs and those deliveries made to RAL for final
integration into the instrument.

1.3 Glossary

DDR Detailed Design Review

DPU Digital Processing Unit

DRCU Detector Readout and Control Unit
FIRST Far Infrared and Submillimetre Telescope
FPU Focal Plane Unit

IIR Instrument Interface Review

PDR Preliminary Design Review

RO Responsible Organisation

SPIRE Spectral and Photometric Imaging REceiver
WIH Warm Interconnect Harness

1.4 References

1.4.1 Applicable Documents

Document  Name Number/version/date
Reference

AD1 FIRST/Planck Instrument Interface Document Part A SPIRE-ESA-DOC-000178
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(IID-A) (PT-11D-A-04624)
Issue 0-3
15 May 2000
AD2 FIREST/Planck Instrument Interface Document Part B SPIRE-ESA-DOC-000275
(I'D-B) Instrument "SPIRE" (PT-SPIRE-02124)
Issue 0-4
15 May 2000
AD3 SPIRE Management Plan FIRST-SPI-PRJ-000011

(SPIRE-RAL-PRJ-000029)
Issue 1.0

22™ June 1999
1.4.2 Reference Documents
Document  Name Number/version/date
Reference
RD1 SPIRE Structure Development Plan SPIRE-MSS-PRJ-000426
Issue 1.0
11" June 2000
RD2 SPIRE Mirrors Development Plan (LAM.PJT.SPI.NOT.200006)
v0000601
13" June 2000
RD3 SPIRE Filters Development Plan Draft 1.0
6" June 2000
RD4 SPIRE BSM Development Plan Issue 1.0
RD5 SPIRE Cooler Development Plan (PL/SBT/SPIRE/2000-01)
Issue 1.1
May 2000
RD6 SPIRE Arrays Development Plan TBW
RD7 SPIRE FET Box Development Plan TBW
RD8 SPIRE Spectrometer Mirror Mechanism Development (LAM.PJT.SPI.NOT.200001)
Plan v0000105
6" June 2000
RD9 SPIRE Calibrators Development Plan Draft 1.0
6" June 2000
RD10 SPIRE Shutter Development Plan (SPIRE-USK-DOC-000001)
Draft 0.2
15" June 2000
RD11 SPIRE DPU Development Plan (F-13.06.00)
Issue 1
13" June 2000
RD12 SPIRE DRCU & WIH Development Plan (SAp-SPIRE-JLA-xxxx-00)
Issue 1.0
6" June 2000
RD13 SPIRE DRCU Simulator Development Plan Draft
4" May 2000
RD14 SPIRE Test Facility Development Plan Draft 1.0
19" June 2000
RD15 SPIRE Science Implementation Plan (SIP)
RD16 SPIRE Optical System Design Description Draft
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25" May 2000

RD17

SPIRE Straylight Model Update

Draft
14" June 2000

RD18

SPIRE Optical Design - diffraction analysis and design

Issue 1.0
14" June 2000

RD19

SPIRE Optical Error Budgets

(LOOM .KD.SPIRE.2000.002)
Draft
22™ May 2000

RD20

SPIRE AQV Plan

SPIRE-RAL-DOC-000410
Issue OL.
25" May 2000

1.5 Document Overview

Chapter 2 describes the development of the instrument in terms of the ESA schedule and deliverable
instrument models required in the Instrument Interface Document Part A (AD1) and the SPIRE
organisation described in the Instrument Interface Document (AD2) and the SPIRE Management Plan

(AD3).

Chapter 3 describes aspects of the development of the instrument subsystems.

Chapter 4 describes the development plans for the test facilities, support equipment and simulators
required for assembly, integration, test and calibration of the instrument at al levels.

Chapter 5 is devoted to the instrument Assembly, Integration and Test.
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2. INSTRUMENT DEVELOPMENT

This document covers the development, manufacture and test of the different models of the SPIRE
instrument. These activities require the development of three elements; the instrument itself; the Test
Facility in which the instrument—evel testing will take place and the smulators required to take the place
of various instrument units during integration and testing.

2.1 Development Items

2.1.1 Thelnstrument

A description of the SPIRE instrument and its capabilities is given in AD2. The instrument consists of 5

units,

= Focal Plane Unit (FSFPU) - this consists of al the subsystems contained within the FIRST
cryostat, excluding the cold electronics (i.e. FET amplifiers).

= FET Box (FSFTB) -this contains the cold preamplifiers for the detector signals from the FSFPU. It
is assembled with the FSFPU and they are then mounted on the optical bench as one unit.

= Detector Readout and Control Unit (FSDRC) - the electronics box externa to the cryostat that
houses the detector control and read out electronics; the mechanism control electronics, the
subsystem housekeeping electronics and their power supply.

= Digital Processing Unit (FSDPU) - the instrument on board computer handling the command and
telemetry interface to the spacecraft and the control of the operation of the instrument through the
DRCU.

= Warm Interconnect Harness (FSWIH) - the harness connecting the DPU and DRCU.

All other harnesses; the cryoharness connecting the FPU and DRCU and the power, telemetry and
telecommand harnesses are provided by ESA and do not form part of the instrument.

2.1.2 Simulators

Additional deliverable items will be the support equipment necessary to install and verify the installation
of Instrument Units. These additional items include:

= FPU Simulator - thisitem simulates the FPU as far as their interfaces with the DRCU are
concerned. Thiswill be delivered to ESA at the time of the CQM model delivery, to be used to aid
integration of the warm electronics units of @l modelsinto the S/C.

= DRCU Simulator - thisitem simulates the cold FPU and the warm electronics in the DRCU. It
forms part of the AVM, simulating the instrument response to commands from the spacecraft and
generating simulated telemetry data.

Figure 2-1isablock diagram of the instrument showing the different units and the subsystems they
contain. Figure 2-2 shows the instrument broken down into its various deliverables.

213 Test facility

Thisfacility provides; a cryostat to smulate the thermal environment in which the instrument will
operate; a telescope simulator and calibration sources to alow verification of the instrument
specifications and its calibration; and EGSE to control and monitor the instrument and test equipment
during the test and calibration activities. A description of the facility is given in RD14.
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Figure 2-1 Instrument Block Diagram

2.2 Mode Philosophy
The following SPIRE models will be produced;

= AvionicsModel (AVM)

= Structural Thermal Model (STM)

= Cryogenic Qualification Model (CQM)
= Electronics Qudification Model (EQM)
= Proto-Flight Model (PFM)

= Flight Spare Model (FS)

The STM and EQM are for internal SPIRE use and will not be delivered to ESA
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Additional qualification/test models of subsystems will be produced by each subsystem RO. These
are detailed in the appropriate development plans. The following sections describe each model and
Table 2-1 summarises the contents of each model.

— Structure — Mirror Mounts |

Mirrors

Fliters & Dichroics

Optics

Cold Filters
Photometer Arrays
Detector Subsystem
Spectrometer Arrays
Beam Steering Mirror

[ Focal Plane Unit }——  FTS Mechanism

Photometer Calibration Source |

Calibration Sources

Spectrometer Calibration Source |

Shutter

RF Filter Modules

|

JFET Modules

JFET Enclosure

JFET Box

DRCU Box & PSU

WIH
DPU

Figure 2-2 Instrument Product Tree

221 AvionicsModel (AVM).

This model is required to validate the instrument electronics and software and their interfaces with
the S/C. Thiswill include:

= verification of information exchange with the SC computer, mass memory and attitude control
systems
= verification of the instrument autonomy functions



| Project Document Ref: oo PR
S P I R E Issue:  Issue 1.0 (Draft)
SPIRE Instrument Development | Date:  20th June2000
Plan Page: 120f 33

= validation of on-board software updates
= validation of AV procedures

The AVM will consist of aDPU (FSDPU) plusa DRCU Simulator. The DRCU Simulator will provide
sufficient smulation of the operation of the FPU, DRCU and WIH to alow the activities given above to
be carried out.

The DPU will be built to flight representative standards using commercia parts, where possible with the
same technology and from the same supplier as the PFM. This model will be form and fit identical to the
PFM but will not implement any redundancy.

In addition the AVM DPU will be used during testing of the CQM (see below) both at instrument-level
and during CQM testing at ESA.

222 Structural Thermal Model
Thismodel is provided early in the development phase. Its purposeis;

= to gain confidence in the mechanical model of the structure, by comparison of the vibration response
when warm with the Finite Element Analysis.

= to vaidate the thermal model of the instrument at the higher temperature levels (2K, 4K and 10K)

= to verify the optical alignment procedure

The model is not complete in itself. It consists of the CQM structure with additional mass/thermal
models of subsystems (some also acting as optical dummies) integrated.

2.2.3 Cryogenic Qualification Model

This model will be used by the SPIRE consortium to qualify the cold instrument design against the
proposed environmental test levels. On delivery to ESA it will be used to ensure the compatibility of
the FIRST payload and spacecraft by performing a series of functional tests and a set of conductive
EMC testsin the 1SO Flight Spare Cryostat.

This model consists of an FPU (FSFPU and FSFTB). In addition, to alow its integration and test,
the following units will be provided; DRCU, WIH, FPU Simulator and EGSE. It is assumed that
the AVM DPU will be available for use for the duration of the CQM tests.

The CQM FPU will be built to flight standards with full redundancy. The performance capabilities
of the instrument may be less than the PFM - i.e. fewer pixelsin the focal plane arrays, but it will
mimic as exactly as possible the thermal, electrical and mechanical properties of the flight
instrument and will be capable of under going the full environmental qualification programme.

The DRCU will be built from non-flight grade components, but will be form and fit identical to the
PFM. It will not provide any redundancy.

2.2.4 Electronics Qualification Model

This additional model is built to alow qudification testing of the warm electronics units independently of
the CQM test programme. The following tests will be performed at the instrument level:

= EMC tests (Conduction, Emission, Susceptibility)
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= Therma Vacuum Test (TBC, the individula units will be tested by the ROs)
= Warm Vibration (TBC, the individual units will be tested by the ROs)

This model will be used to carry out the first testing of the PFM FPU while the PFM electronicsis being
manufactured.

The model consists of a DPU, DRCU and WIH. Each will be electrically, thermally and mechanically
representative of the flight units, including redundancy. Components will be of the same type as the
flight model, but at alower qudity level.

2.25 Proto-Flight Model

Thisistheinstrument model that isintended for flight. It consists of al SPIRE Instrument Units. It
will be built to full flight standards and will only have minor differencesin thermal, electrical and
mechanical propertiesto the CQM. It will have the same mechanical, thermal and electrical
interfaces to the satellite as the CQM but, may, however, have minor internal design changes
compared to the CQM. For instance the bolometer arrays may have many more pixels.

The PFM will undergo environmental testing to qualification levels for acceptance times - this
applies to both the warm electronics boxes and the cold FPU.

226 Flight Spare Model

The Hight Spare Model provides for replacement of failed, or damaged, units during system level
testing.

The FSwill consist of afull flight standard, calibrated (TBC) FPU and tested spare parts (normally at
board level) for the DPU, DRCU and BAU.

It is possible that the Flight Spare Units may be provided from refurbished AVM and CQM units.

AVM | CQM |EQM| PFM | FS Comments
Instrument
Units
FPU CQM PFM FS
FET Box CQM PFM FS
DRCU QM1 QM2 PFM Fst
WIH QM1 QM2 PFM FS
DPU AVM EQM PFM FS? |AVM Unit will be used for CQM testing at ESA
Support
Equipment
FPU Simulator #1 #2 One unit (#1) will remain at ESA for use with all models
DRCU Simulator|  #3
EGSE #4 One unit (#4) will remain at ESA for use with all models
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Notes:

1. Possibly only spare cards will be provided
2. Only spare cards (shared with other FIRST instruments) will be provided

Table 2-1 Instrument Model summary of constituent Units

2.3 Qualification and verification

Qualification and verification of the instrument will be carried out both at subsystem and instrument
levels,

1.

N

o0k w

All sub-systems will go through a type approval programme of one or more models, as necessary,
before the Cryogenic Qualification version of the sub-system is delivered for the instrument AIV.
The testing carried out on the CQM instrument is not considered to be the qualification test for each
individual sub-system as the tests carried out on the instrument CQM will be neither exhaustive nor
at the correct level for sub-system qualification.

The CQM will undergo a series of qualification and competibility tests at levels and temperatures
agreed between SPIRE and ESA.

Acceptance tests will be performed on each subsystem prior to delivery for the PFM and FS models.
An acceptance test programme will be performed on the instrument prior to delivery to ESA.
Characterisation and calibration of the subsystems will be made prior to delivery of al models.
Characterisation and calibration of the instrument will be made prior to delivery of al models.

23.1 Qualification Tests
Vibration: All sub-systems are to be vibrated at levels appropriate to their location within

the instrument. The temperature at which the vibration will be done is subject
to negotiation between the project and ESA. The group responsible for the
structure will define the level at which each sub-system will be vibrated. This
will either be by calculation or vibration of test structures.

Thermal cycle: All FPU sub-systems will be cooled down and warmed up alarge number of

times over the period leading up to launch. An accelerated thermal cycle test is
therefore required for dl FPU sub-systems. The temperatures, rate of
temperature change and number of cycles are TBD.

Vacuum cycle: All sub-systems will be operating in vacuo. The long-term performance of all

sub-systemsin vacuo as well as their response to vacuum cycling must be
assessed.  All sub-systems will be vacuum cycled and critical items will
undergo long-term life tests under vacuum conditions.

Lifetime: Where novel material processing or unqualified mechanisms are employed in a

sub-system, accelerated life tests will be mandatory. For dl ASICs and micro-
machined components a programme of device selection will be required to
guard againgt infant mortality.
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Soak/cycle:

Radiation tolerance:

Thermal range:

Thermal stability:

Microphonics:

lonising radiation:

EMI:

EMC:

All electronic sub-systems and/or components will need to be soak tested and
operationally cycled as part of their lifetime test programme.

All unqualified electronics sub-systems and/or components will have to be
exposed to the appropriate level of radiation dose to ensure survival in orbit.

The operating temperature range of a sub-system will be characterised. If a
sub-system does not operate within specification, or at dl, at temperatures that
are within the expected limits, it cannot be considered qualified.

The response of a sub-system to thermal instabilities will be characterised as
will the impact of sub-system operation on the thermal stability of the
instrument. A sub-system that causes large thermal instability in the
instrument during its normal operational cycle or is over sensitive to the
expected level of thermal instability cannot be considered qudlified.

The level of mechanical vibration from a sub-system will be characterised as
well as the response of the sub-system to microphonic interference. Any sub-
system that causes excessive mechanical vibration during its normal operation
or is over sengitive to the expected level of mechanical vibration cannot be
considered qualified.

The response of a sub-system (e.g. the detectors) to high energy ionising
radiation (sSmulating cosmic ray proton hits), will be characterised. A sub-
system will not be considered qudified if its performance is significantly
reduced by the impact of high energy ionising radiation.

The sengitivity of a sub-system to electromagnetic interference will be
characterised. If asub-system is over sensitive to the expected level of
electromagnetic emission it will be deemed not qualified.

The rediated and conducted electromagnetic emission of a sub-system will be
characterised. Any sub-system that emits significant levels of electromagnetic
radiation or interferes with power supplies or ground lines will not be
considered qualified.

Materials conformance: All materials used in the manufacture of a sub-system must be approved for

space use by ESA. Any materials not on an approved list must under go a
materials approval test aslaid down by ESA.

2.3.2 Subsystem Qualification

Table 2-2 isthe test matrix for the SPIRE sub-systems qualification programme. Tests marked with an
X are mandatory, those marked with a P are possibly required depending on the detailed design of the
sub-system and/or the new of novel materials.
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Table 2-2 Test Matrix for Subsystem Qualification

For some sub-systems the quaification and lifetime testing will be more appropriately carried out at
component or test item level rather than at the level of the integrated sub-system. At what stage and
under what conditions the tests are to be carried out is a matter for detailed consideration by the groups
responsible for the sub-systems delivery.

2.3.3 Instrument-level Qualification

Table 2-3 is the test matrix for the instrument level testing. Q indicates atest carried out at qualification
level for qualification times, QA atest carried out at qudification levels for acceptance test timesand A a
test carried out at acceptance level for acceptance times. An x indicates that this test is carried out and is
a characterisation type test or the level isirrelevant. A dash indicates that no test will be done on this
model/unit.
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Vacuum cycle X X X X X X X X X X
Thermal range: X X X X X X X - - -
EMC (Instrument Level) X X X X X X X - - -
EMC (Sadlite Level): - - - - X X X - - -

Table 2-3 Test Matrix for Instrument-level Testing
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3. DEVELOPMENT OF SPIRE SuB-SYSTEMS

Figure 2-2 has shown the breakdown of the instrument into subsystems. Figure 3-1 shows how these

subsystems are assembled to for the instrument units.
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Figure3-1 Instrument Assembly Tree

3.1 Focal Plane Unit
Table 3-1 isasummary of the FPU subsystem models to be delivered,
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Resp. | STM | CQM | PFM FS To Comments
FPU
Subsystems
Structure MSSL CQM PFM FS RAL
Mirror Mounts| MSSL CQM PFM FS RAL
Optics \
Mirrors LAS CQM PFM FS RAL
Filters & Dichroics| QMW 2?2 | cQm PFM FS RAL
Cold Filters| QMW ‘ CQM PFM FS JPL
Baffles| MSSL CQM PFM FS RAL
Detectors
Photmeter Arrray 1 JPL STM CQM PFM FS RAL
Photometer Array 2 JPL STM CQM PFM FS RAL
Photometer Array 3 JPL STM CQM PFM FS RAL
Spectrometer Array 1 JPL STM CQM PFM FS RAL
Spectrometer Array 2 JPL STM CQM PFM FS RAL
Cooler Grenoble | STM CQM PFM FS RAL
Beam Steering Mirror ATC oD CQM PFM FS LAM | Optical Dummy delivered to RAL
FTS Mechanism LAM oD CQM PFM FS RAL
Calibration Sources
Photometer| QMW CQM PFM FS ATC
Spectrometer| QMW STM CQM PFM FS RAL
Shutter USK
RF Filter Modules JPL STM CQM PFM FS RAL
Table 3-1 FPU Subsystem Deliverables
3.2 JFET Box
The table below gives a summary of the subsystems to be delivered;,
Resp. | STM | CQM | PFM FS To Comments
JFET Box
Subsystems
JFET Modules JPL CQM PFM FS RAL
JFET Enclosure MSSL/RAL ??? ‘ CQM PFM FS RAL
Table 3-2 FET Box Subsystem Deliverables
3.3 DRCU
The table below gives a summary of the subsystems to be delivered;,
Resp. |CQM | EQM | PFM FS To Comments
DRCU
RAL
Subsystems
MCU LAM QM1 QM2 PFM FS SAp
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DCU SAp QM1 | QM2 | PFM FS
scu SAp QM1 | QM2 | PFM FS
DRCU Box and PSU|  SAP QM1 | Qm2 | PFM FS

Table 3-3 DRCU Subsystem Deliverables

34 WIH
The table below gives a summary of the subsystems to be delivered;
Resp. |CQM | EQM | PFM FS To Comments
WIH
Subsystems
WIH SAp QM1 QM2 PFM FS RAL
Table 3-4 WIH Subsystem Deliverables
35 DPU
The table below gives a summary of the subsystems to be delivered,
Resp. | AVM | EQM | PFM FS To Comments
DPU
Subsystems
DPU IFSI AVM EQM PFM FS RAL

Table 3-5 DPU Subsystem Deliverables
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4. TEST AND SUPPORT EQUIPMENT AND FACILITIES

The table below gives a summary of the test and support equipment and facilities required for
development, test and calibration of the instrument models.

Resp.| No. To Comments
Simulators
FPU Simulator| SAp 2 RAL One is delivered to ESA
DRCU Simulator| SO 3 IFSI/RAL(2) |One is delivered to ESA
Support
Equipment
EGSE| RAL 3 RAL One is delivered to ESA
Test Facilities
Calibration Cryostat| RAL 1
Telescope Simulator| RAL 1

Table4-1 Test and Support Equipment Deliverables
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5. SPIRE INTEGRATION AND TEST

All integration and testing at instrument-level is the responsibility of RAL. RAL will make use of its own
facilities wherever possible for testing and requires only external facilities to perform the cold vibration of
the CQM, PFM and FS models. It is assumed that ESA will provide these facilities.

The mgjority of the instrument-level testing will take place in the RAL Test Facility described in RD14.

The AV Plan (RD20) details the steps that each of the instrument models undergoes during the
integration, verification and calibration stages after delivery to RAL and before delivery to ESA.
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6. SPIRE DEVELOPMENT AND SCHEDULE

6.1 Overall Schedulefor the FIRST Programme

Table 6-1shows the current ESA high-level milestones defined for the FIRST devel opment phases and
the delivery dates of the instrument models.

Milestone Date

Issueof ITT to industry September 2000
Start Phase B June 2001

Start of Phase C/D June 2002

End of Phase C/D July 2006
Launch Q1 2007
Delivery of Instrument AVM April 2003
Delivery of Instrument CQM April 2003
Delivery of Instrument PFM July 2004
Delivery of Instrument FS July 2005

Table 6-1 ESA High-level Milestones

Figure 6-1shows the corresponding SPIRE baseline development schedule, which meets these
milestones. A list of the instrument Major milestones is given in Appendix 1. Detailed Schedules for each
Instrument deliverable model and each subsystem are given in Appendix 2
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Annex 1. LIST OF MILESTONES

Nanme Resp. Dat e
Det ector Sel ection Tue 1/2/00
Detector STM Delivery to RAL JPL Fri 1/2/02
Cool er STM Delivery to RAL Grenoble | Fri 1/2/02
Shutter STM Delivery to RAL USK Fri 1/2/02
Spectroneter Calibration Source STM Delivery to RAL | QW Fri 1/2/02
COM RF Filter Mdules Delivery to RAL Fri 1/2/02
Deliver Simulink Mddel to LAM ATC Fri 11/8/00
Del i ver Anal ogue Board Design Doc to LAM ATC Fri 11/8/00
Deliver Prototype2 to LAM ATC Wed 13/9/00
Del i ver Anal ogue Board Detailed Design to LAM ATC Mon 1/1/01
Del ta PDR RAL Mon 26/ 6/ 00
Instrunent Interface Review RAL Mon 9/ 10/ 00
"Structure, Optics, Cooler Detailed Design Review' Mon 19/3/01
"SMEC, BSM Det ai | ed Design Revi ew' Wed 31/1/01
WE Detai |l ed Design Review Tue 3/10/00
Deliver DM to LAM ATC Fri 30/3/01
CQM BSMm Del i very to LAM ATC Wed 13/3/02
CQM Arrays First Delivery to QWV JPL Fri 23/11/01
CQM Sparse Arrays Delivery to QW JPL Fri 23/11/01
CQM JFET Modul es Delivery to RAL Fri 1/3/02
SMECm Si nul ator Delivery to SAp LAM Tue 20/2/01
MCU EM Del ivery to Sap LAM Fri 21/9/01
QML MCU delivery to Sap LAM Fri 21/9/01
QW MCU Delivery to SAp LAM Wed 10/7/02
COM Structure ready for Integration MSSL Fri 5/7/02
COM Mrrors + OGSE Delivery to RAL LAM Fri 1/3/02
"STM Alignnent Filter, Dichroics and Beansplitters QwWv Fri 1/3/02
Delivery to RAL"
BSM STM Opti cal Dummy Delivery to RAL ATC Fri 1/3/02
SMECm STM Opti cal Dummy Delivery to RAL LAM Fri 1/3/02
CQM PCAL Delivery to ATC QW Thu 1/11/01
STM Test Revi ew Fri 5/7/02
COM Detector Arrays Delivery to RAL JPL Sat 1/6/02
CQM SCAL Delivery to RAL QWVv Sat 1/6/02
CQM SMECm Del i very to RAL LAM Sat 1/6/02
CQM BSMm Del i very to RAL ATC Sat 1/ 6/02
COM Cool er Delivery to RAL Genoble | Sat 1/6/02
COM Shutter Delivery to RAL USK Sat 1/6/02
CQM Filters Dichroics and Beansplitters Delivery to | QWV Sat 1/6/02
RAL
CQM JFET Box Delivery to RAL JPL Sat 1/6/02
COM RF Filter Mdules Delivery to RAL Sat 1/6/02
EGSE#1 Delivery to |FSI PACS Fri 1/6/01
DRCU Si nul ator#1 Delivery to |FSI SO Fri 1/6/01
DRCU Si nul ator#2 Delivery to RAL SO Fri 1/2/02
FPU Sinul ator#1 Delivery to RAL SAp Wed 1/5/02
AVM DPU Delivery to RAL I FSI Fri 1/2/02
QML DRCU Delivery to RAL SAp Wed 1/5/02
QML WH Delivery to RAL SAp Wed 1/5/02
Test Facility Available RAL Fri 10/5/02
EGSE#2 Avai |l abl e RAL Fri 1/2/02
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EGSE#3 Avai |l abl e RAL Fri 15/3/02
Delivery of COMFPU to Cold Vibration Facility RAL Wed 23/10/02
Delivery of Cold-Vibrated COM FPU to RAL RAL Wed 20/11/02
FPU Critical Design Review Sat 1/2/03
EGSE#4 Avai |l abl e RAL Wed 1/1/03
COM Delivery to ESA RAL Tue 1/4/03
QM DPU Delivery to RAL I FSI Wed 1/1/03

DRCU Sinmul ator#3 to RAL SO Wed 1/1/03
QW2 DRCU Delivery to RAL SAp Mon 20/ 1/ 03
QW WH Delivery to RAL SAp Mon 20/ 1/ 03
FPU Si nul ator#2 Delivery to RAL SAp Mon 20/ 1/03
WE Critical Design Review Thu 20/3/03
AWM Delivery to ESA RAL Tue 1/4/03
PFM BSMn Del i very to LAM ATC Thu 11/9/03
PFM MCU Delivery to SAp LAM Tue 24/6/03
PFM Arrays First Delivery to QWV JPL Fri 1/8/03
PFM Arrays last Delivery to QWV JPL Wed 1/10/03
PFM PCAL Delivery to ATC QWV Thu 26/ 6/ 03
PFM JFET Modul es Delivered to RAL JPL Mon 2/ 2/ 04
PFM Structure Ready for Integration MBSL Mon 1/9/03
PFM M rrors Delivery to RAL LAM Fri 15/8/03
PFM Det ector Arrays Delivery to RAL JPL Sat 1/11/03
PFM SCAL Delivery to RAL QWV Mon 1/12/03
PFM SMEC Delivery to RAL LAM Mon 1/12/03
PFM BSM Delivery to RAL ATC Mon 1/12/03
PFM Cool er Delivery to RAL Genoble | Mon 1/12/03
PFM Shutter Delivery to RAL USK Mon 1/12/03
PFM Filters Dichroics and Beansplitters Delivery to | QUWV Sat 1/11/03
RAL

PFM JFET Box Delivery to RAL Mon 1/12/03
PFM RF Filter Mdules Delivery to RAL Sat 1/11/03
Delivery of PFMFPU to Cold Vibration Facility RAL Wed 18/2/04
Delivery of Cold-Vibrated PFM FPU to RAL RAL Wed 10/3/04
PFM DPU Delivery to RAL I FSI Wed 25/2/04
PFM DRCU Delivery to RAL SAp Mon 15/ 3/ 04
PFM WH Delivery to RAL SAp Mon 15/ 3/ 04
PFM Del i very to ESA RAL Thu 1/7/04
Return of CQM from ESA ESA Mon 29/ 3/ 04
Delivery of QM DPU to | FSI RAL Thu 1/7/04
Delivery of QW2 DRCU to SAp RAL Thu 1/7/04
FS BSMm Delivery to LAM ATC Fri 2/1/04
FS Arrays First Delivery to QWV JPL Mon 2/ 8/ 04
FS Arrays last Delivery to QW JPL Fri 1/10/04
FS PCAL Delivery to ATC QWV Fri 17/10/03
FS MCU Delivery to SAp LAM Tue 19/8/03
FS Structure Available for Integration MSSL Mon 1/11/04
FS Detector Arrays Delivery to RAL Qawv Wed 10/11/04
FS SCAL Delivery to RAL QWV Wed 10/ 11/ 04
FS Cool er Delivery to RAL Genoble | Wed 10/11/04
FS Mrrors Delivery to RAL LAM Wed 10/11/04
FS SMECm Delivery to RAL Wed 10/11/04
FS BSM Del ivery to RAL ATC Wed 10/11/04
FS DPU Delivery to RAL I FSI Wed 10/11/04
FS Filters Dichroics and Beansplitters Delivery to QW Wed 10/ 11/ 04
RAL

FS JFET Box Delivery to RAL Wed 10/11/04
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FS RF Filter Mddules Delivery to RAL Wed 10/ 11/ 04
MSSL (Version 0.4) MSSL Tue 1/7/97
Travel & Subsidence MBSL Tue 1/7/97
Travel Europe MSSL Thu 11/6/98
Travel outside Europe MSSL Thu 11/6/98
Travel UK MBSL Thu 11/6/98
Cour ses MBSL Tue 1/7/97
Pre- PDR MBSL Tue 20/7/99
PDR-i nt erbel | um MBSL Wed 2/7/97
Coupon testing MSSL Tue 20/7/99
Coupon definition MSSL Tue 20/7/99
Coupon production MSSL Mon 20/ 9/ 99
Coupon testing MSSL Mon 29/11/99
Coupon eval uati on MSSL Mon 7/ 2/ 00
Drafting Concept MSSL Tue 20/7/99
Conputi ng MSSL Wed 2/7/97
Ali gnnent pl an MSSL Mon 2/ 8/ 99
FEM concept s MSSL Fri 6/8/99
Defining interfaces MSSL Tue 3/8/99
Structure PDR Proj ect Tue 27/6/00
Fi nal Design MSSL Mon 10/ 4/ 00
Support test MSSL Thu 15/ 6/ 00
design test fixture MSSL Thu 15/ 6/ 00
design bl ade MSSL Thu 15/ 6/ 00
design fixed support MSSL Thu 22/6/00
support production MSSL Thu 13/7/00
support test MSSL Thu 27/7/00
Support test eval uation MSSL Thu 10/ 8/00
Drafting Final MSSL Thu 13/7/00
Spectroneter Mrror support MSSL Thu 13/7/00
Support corner mrror MSSL Thu 13/7/00
Support collimated mirror MSSL Thu 20/7/00
Spect. beam splitters support MSSL Thu 27/7/00
Spect. beamsplit. support MSSL Thu 27/7/00
Spect. Det. box MSSL Thu 3/8/00
Bot t om MSSL Thu 3/8/00
M ddl e MSSL Mon 14/8/00
Top MSSL Wed 23/8/00
Phot oneter mrror support MSSL Thu 10/ 8/00
Secondary Opt. Bench MSSL Thu 10/ 8/00
M5 support MSSL Thu 31/8/00
MB suppor t MSSL Thu 21/9/00
Phot. Det. Box MSSL Fri 29/9/00
Bot t om MSSL Fri 29/9/00
M ddl e MSSL Wed 11/10/00
Top MSSL Mon 23/10/ 00
Baffl es MSSL Thu 13/7/00
Conmmon structure MBSL Thu 2/11/00
Det ect or Box support MSSL Mon 19/3/01
Optical bench panel MSSL Thu 2/11/00
Side panel 1 MSSL Tue 5/12/00
Si de panel 2 MSSL Wed 13/12/00
Si de panel 3 MSSL Thu 21/12/00
Si de panel 4 MSSL Fri 29/12/00
Si de panel 5 MSSL Mon 8/1/01
Si de panel 6 MSSL Tue 16/1/01
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Si de panel 7 MSSL Wed 24/1/01
Si de panel 8 MSSL Thu 1/2/01
Cover panel +Y MSSL Fri 9/2/01
Cover Panel -Y MBSL Wed 28/2/01
Common structure Support MSSL Tue 27/3/01
Fi xed point (final) MSSL Tue 27/3/01
Bl ade support (final) MSSL Thu 29/3/01
Fi nal FEM MSSL Thu 15/ 6/ 00
Model creation MBSL Thu 15/ 6/ 00
Static Analysis MSSL Thu 7/9/00
Thermal deformation analysis MSSL Thu 28/9/00
Si ne anal ysi s MSSL Thu 19/10/00
Random anal ysi s MSSL Thu 9/11/00
Shock Anal ysi s MSSL Thu 30/ 11/ 00
MGSE desi gn MSSL Thu 2/11/00
Interface plate MSSL Thu 2/11/00
OBP hol der/ Handl i ng frame MSSL Thu 9/11/00
Transport Contai ner MSSL Thu 21/12/00
Freeze interface definition MBSL Mon 10/ 4/ 00
Cool er MBSL Mon 10/ 4/ 00
FTS nmechani sm MBSL Fri 14/4/00
Mrrors MBSL Thu 20/ 4/00
Filters MSSL Wed 26/ 4/ 00
Baffles MBSL Tue 2/5/00
Shutter MBSL Mon 8/ 5/ 00
BV MSSL Fri 12/5/00
Det ector s MBSL Thu 18/5/00
S/IC MSSL Wed 24/5/00
Hi Fi MSSL Tue 30/5/00
Spectroneter Calibration MSSL Mon 5/ 6/ 00
Phot onet er calibration MBSL Fri 9/ 6/ 00
Instrunent Interface Review MBSL Tue 10/10/00
Structure Detail ed Design Review Proj ect Mon 19/3/01
COM Structure Manufacture MBSL Mon 19/3/01
CQM Producti on MSSL Mon 19/3/01
Conmmon structure MBSL Mon 19/3/01
Optical bench panel MSSL Mon 19/3/01
Cover panel +Y MSSL Mon 30/ 4/ 01
Cover Panel -Y MBSL Mon 21/5/01
Si de panel 1 MSSL Mon 11/6/01
Si de panel 2 MSSL Mon 25/ 6/ 01
Si de panel 3 MSSL Mon 9/7/01
Si de panel 4 MSSL Mon 23/7/01
Si de panel 5 MSSL Mon 6/ 8/ 01
Si de panel 6 MSSL Mon 20/ 8/ 01
Si de panel 7 MSSL Mon 3/9/01
Si de panel 8 MSSL Mon 17/9/01
Si de panel 9 MSSL Mon 1/10/01
Si de panel 10 MSSL Mon 15/ 10/ 01
MGSE producti on MSSL Mon 19/3/01
Interface plate MSSL Mon 19/3/01
OBP hol der/ Handl i ng frame MSSL Mon 2/ 4/01
Transport Contai ner MSSL Mon 4/ 6/ 01
Suspensi on MSSL Mon 30/ 7/01
Det ect or Box supports (6 x) MSSL Mon 30/ 7/01
Fi xed poi nt MSSL Wed 15/8/01
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Bl ade +Y MSSL Wed 22/8/01
Bl ade -Y MSSL Wed 29/8/01
Dichroic and filter attachnments MBSL Wed 5/9/01
Di chroic rings (2) MBSL Wed 5/9/01
Filters (2) MSSL Thu 13/9/01
Col d stops(3) MSSL Fri 21/9/01
Baffl es MSSL Thu 4/10/01
Entry Phot oneter MSSL Thu 4/10/01
Separation Phot. 4 K- 2 K conpartnent MSSL Mon 22/ 10/ 01
Tube between Phot. - Spectr. entry MSSL Mon 12/11/01
Spectr. Mrror support MSSL Mon 19/3/01
Support Corner 1 MSSL Mon 19/3/01
Support Corner 2 MSSL Fri 23/3/01
Support Corner 3 MSSL Thu 29/3/01
Support Corner 4 MSSL Wed 4/4/01
Support Col limator 1 MSSL Tue 10/4/01
Support Col li mator 2 MSSL Thu 19/4/01
Spectr. beam splitters support MSSL Mon 30/ 4/ 01
Spec.. beamsplit. supp. 1 MSSL Mon 30/ 4/ 01
Spec.. beamsplit. supp. 2 MSSL Fri 4/5/01
Phot oneter mrror support MSSL Thu 10/5/01
Secondary Opt. Bench MSSL Thu 10/5/01
M5 suppor t MSSL Thu 14/6/01
MB suppor t MSSL Thu 5/7/01
Spectr. Det. box MSSL Thu 12/7/01
Bot t om MSSL Thu 12/7/01
Top MSSL Thu 9/8/01
Phot.. Det. box MSSL Thu 30/8/01
Bot t om MSSL Thu 30/8/01
M ddl e MSSL Thu 20/9/01
Top MSSL Thu 4/10/01
Ext ernal | nput MSSL Fri 4/1/02
Application Black Material (QWY MSSL Fri 4/1/02
Thernal Fi ni shes MSSL Fri 25/1/02
Structure Integration MSSL Thu 7/2/02
Integration Start MBSL Thu 7/2/02
Secondary OBP nounti ng MSSL Fri 8/2/02
OBP nounting in MSSE MSSL Mon 11/2/02
Mount i ng SDBX MSSL Tue 12/2/02
Mount i ng PDBX MSSL Wed 13/2/02
Phot oneter mrror support mounting MSSL Thu 14/2/02
Thernal Straps for detectors MSSL Fri 15/2/02
Beam splitters support nounting MSSL Mon 18/ 2/ 02
Spec.. mrror support mounting MSSL Tue 19/2/02
Mounting Baffles MSSL Wed 20/ 2/ 02
Mounting alignnment tools? (OGSE?) MSSL Fri 22/2/02
Mounting si depanel s MSSL Mon 25/ 2/ 02
Mounting cover panels MSSL Fri 1/3/02
Mounting support for Conmon structure MSSL Tue 5/3/02
Ship to RAL MSSL Wed 6/3/02
Subsystem Del i veri es MSSL Fri 1/2/02
Optics and OGSE Delivery to RAL MSSL Fri 1/3/02
Optics Acceptance MSSL Fri 1/3/02
STM Alignnent Filters Dichroics and Beanmsplitters MSSL Fri 1/3/02
Delivery to RAL
STM Alignnent Filters Dichroics and Beanmsplitters MSSL Fri 1/3/02
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Accept ance

BSM STM Opti cal Dummy Delivery to RAL MSSL Fri 1/3/02
BSM STM Opti cal Dunmmy Accept ance MSSL Fri 1/3/02
SMEC STM Optical Dummy Delivery to RAL MSSL Fri 1/3/02
FTS STM Opti cal Dummy Accept ance MSSL Fri 1/3/02
Detector STM Delivery to RAL MSSL Fri 1/2/02
Cool er STM Delivery to RAL MSSL Fri 1/2/02
Shutter STM Delivery to RAL MSSL Fri 1/2/02
Spectroneter Calibration Source STM Delivery to RAL | MSSL Fri 1/2/02
COM RF Filter Mdules Delivery to RAL MSSL Fri 1/2/02
COM RF Filter Mdul es Acceptance MSSL Fri 1/2/02
Alignnent verification MBSL Fri 8/3/02
Check al i gnment nechani cal MSSL Fri 8/3/02
"Integrate mrrors, OGSE and Optical Dunm es" MBSL Fri 29/3/02
I ntegrate Mass Dunmi es MSSL Fri 19/4/02
Integrate RF Filter Mdul es MBSL Wed 24/4/02
Add | nstrunentation MBSL Thu 25/ 4/02
Optical alignment check warm MSSL Fri 26/4/02
STM Warm Vi brati on MSSL Tue 30/4/02
vi sual inspection MBSL Tue 30/4/02
Mounting on shaker +i nstrum MSSL Wed 1/5/02
"X-axis sine, random shock" MBSL Fri 3/5/02
"Y-axis sine, random shock" MBSL Fri 10/5/02
"Z-axis sine, random shock" MSSL Fri 17/5/02
vi sual inspection MBSL Fri 24/5/02
Post STM Vi bration Verification MBSL Mon 27/5/ 02
Optical alignment check warm MSSL Mon 27/5/ 02
Optical Quality Verification MSSL Mon 27/5/ 02
Bakeout MBSL Mon 10/ 6/ 02
Optical Alignment Check warm MSSL Mon 17/ 6/ 02
Test Cryostat Available MSSL Fri 10/5/02
Col d STM Test i ng MSSL Wed 19/ 6/ 02
Integration into Test Cryostat MBSL Wed 19/6/02
Cool down MSSL Fri 21/6/02
Optical Alignnent Check cold MBSL Wed 26/ 6/02
Ther nal Bal ance Check MBSL Mon 1/ 7/ 02
War m up MSSL Tue 2/7/02
STM De-i ntegration MSSL Thu 4/7/ 02
Test Readi ness Revi ew MBSL Fri 5/7/02
PFM Structure Manufacture MBSL Wed 1/1/03
PFM pr oducti on MSSL Wed 1/1/03
PFM Structure Ready for Integration MBSL Tue 26/8/03
FS Structure Manufacture MBSL Mon 29/ 3/ 04
CQM use by ESA MSSL Mon 29/ 3/ 04
FS refurbi shnent MBSL Tue 30/3/04
FS nechani cal |/F check MBSL Tue 17/8/04
FS delivery to RAL MSSL Mon 1/11/04
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Annex 2. INSTRUMENT AlV SCHEDULES



MVIVI Mav

[2002 [2003 [2004
D Duration [ Nov [ Dec | Jan [Feb | Mar [ Apr [ May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul_| Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr
8 Avionics Model 55.6 wks
= Preliminary Integration 4.6 wks —y
82 AVM DPU Delivery to RAL 0days b
IR AVM DPU Acceptance sdays I}i
IR DRCU Simulator#2 Delivery to RAL 0days e |4
I DRCU Simulator#2 Acceptance 3days ﬂ“
e | EGSE#2 Available odays v |
o7 | DPU Verification 4viks r
ER AVM DPU Available for CQM Testing 0days o
IR AVM Verification 66 ks —
IER AVM DPU Available for Delivery 0days an o
IR DRCU Simulator#3 Delivery to RAL 0days n [—
I EGSE#4 Available 0days " |
5] AVM Verification 2uks i
IER Delivery 3.4wks
ER Preparation of Delivery Data Package 2wks
z AVM Readiness Review 2days . |%
L Pack and Ship to ESA 1wk Dl
98 0days r_

AVM Delivery to ESA




\IvE v

J200:

T20

[2002 2003
Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul | Aug | Sep | Oct | Nov | Dec

2004
Jan | Feb | Mar | Apr.

Delivery of CQM to ESA

ID__[Task Name Duration |
9 Cryogenic Qualification Model 50.2wks
| 300 CQM Integration 12wk P—
|01 FPU Subsystem Deliveries 5 wks Py
| 102 ]| Detector Arrays Delivery to RAL 0days V6 |_b
103 Detector Arrays Acceptance 3days [ —
| 1oa | FTS Calibrator Delivery to RAL 0days V6 Lk_
105 FTS Calibrator Acceptance 3days [
| 30| SMEC Delivery to RAL 0days w
107 SMEC Acceptance 3days [
| o] BSM Delivery to RAL 0days w |4
[ 100 BSM Acceptance 3days 3+
| 107 Cooler Delivery to RAL 0days v6 |
1L Cooler Acceptance 3days —
12 Shutter Delivery to RAL 0days 16 |_k
118 Shutter Acceptance 3days —
| 1| Filters, Dichroics and Beamsplitters Del Odays V6 |_k
115 Filters, Dichroics and Beamsplitters Ac: 3days —
| 16| JFET Box Delivery to RAL 0days w Ly
7 JFET Box Acceptance 3days —
| 18] CQM Structure ready for Integration 0days s |g
119 FPU Integration 6.2wks
[ 120 Detector Arrays Integration and alignme 2wks
121 2K Filter Integration 1day
122 SMECm Integration and aligment 3days
125 ] SMECp Integration 1day
[ 12| BSM integration and alignment 3days
125 | Shutter integration 1day
[ 12| FTS calibrator integration and alignmer 2days
27 Cooler integration 1day
[ 12| Filters, Dichroics and Beamsplitters inte 1day
[ 12| Structure re-Integration and verification 5days
[ 30| Integrate into Cryostat 3days
B Warm Electronics Integration 16:6wks P———
| 2| AVM DPU Available for CQM Testing 0days 55
Bl QM1 DRCU Delivery to RAL 0days »
[ | QM1 DRCU Acceptance 3days
|| QM1 WIH Delivery to RAL 0days s
=l QM1 WIH Acceptance 3days
El FPU Simulator#1 Delivery to RAL 0days s
[ 13| FPU Simulator#1 Acceptance 3days
B3 DRCU Verification 4wk
120 EGSE#3 Available 0days 1573
141 WE Integration into Test Facility 4wks
142 WE Available for CQM Testing 0days 286 |
|1 Instrument Integration Lk ki
[ 1| CQM Test Readiness Review 1day 278 |
=l Functional Testing 3:8wks
B Warm Functional Test Lwk
7 Cooldown 3days D%L
S Preliminary Cold Functional Test 1day
| 10| Cold Functional Test 2wks %
[ 150 | Thermal Balance Checks 2days
=3 Vibration Testing 9.4wks H
[ =2 Pre-Vibration Performance Checks 2wks Iji
153 Warm Up 3days
|| Warm Functional Check 2days
|55 | FPU Packing 3days %
[ 156 | Pack and Ship FPU to Cold Vibration Faci 2days 'l
157 FPU Delivery to Cold Vibration Facility 0days 2310 |
[ 1= | Delivery of Cold Vibrated CQM FPU to RAI odays 20m1 |_1
El Instrument re-integration Lk Dl
160 Warm Functional Check 2days )
361 Cold Functional and Performance Tests 3.6wks
162 Cooldown 3days
| e Cold Functional Test Lk
[ 16| Post-vibration performance Check 2wks
| e | Performance Verification 4 wks
| e | FPU Critical Design Review 0days 21 |-
3 Delivery Preparation dwks
| e | Cold Functional Check 2days
169 Warm up 3days
B Warm Functional Check 2days
1 Remove FPU from Cryostat 1day
172 Mass properties Measurement 2days
B Packing and shipment 2wks
[ 7| Preparation of Delivery Data Package 2wks
[ 17 | CQM Readiness Review 2days 62
176 0days 192
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[2002 [2003 [2004

ID__| Task Name Duration [ Nov [ Dec | Jan [Feb | Mar [ Apr [ May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul_| Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr
R Warm Electronics Qualification Model 9.2wks —

™ ] QM DPU Delivery to RAL odays aly
79 QM DPU Acceptance 3days

| 180 | DRCU Simulator#3 Delivery to RAL odays "

B DRCU Simulator#3 Acceptance 3days

2| QM DPU verification 2uks

Bl QM2 DRCU Delivery to RAL 0days ol

| 184 QM2 DRCU Acceptance 3days

3857 QM2 WIH Delivery to RAL odays il

B3 QM2 WIH Acceptance adays

Ea FPU Simulator#2 Delivery to RAL 0days ol

El FPU Simulator#2 Acceptance 3days

B QM2 DRCU Verification 2wk

=] Integrate and Verify QM Warm Electronics 4uks

B WE Critical Design Review 0days o

|59 ] QM Warm Electronics available for PFM Testi Odays s |




2003 2004 2005 2006
Jan | Feb | Mar | Apr [ May [ Jun | Jul | Aug | Sep | Oct | Nov ] Dec | Jan | Feb | Mar | Apr [ May [ Jun | Jul | Aug [ Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun

iD_|Task Name
193 Proto-Flight Model 69 wks = v
104 PFM Integration 55 wks. v v
[55 | FPU Subsystem Deliveries 158 wks P
E Optics Delivery to RAL 0days 158 %
197 Optics Acceptance 3 days H
E RF Filter Modules Delivery to RAL 0days 11 <é_
199 RF Filter Modules Acceptance 3 days H
i Filters, Dichroics and Beamsplitters Deli 0days 11 %_
201 Filters, Dichroics and Beamsplitters Acc 3 days [inag
E Detector Arrays Delivery to RAL 0days 11 %__
203 Detector Arrays Acceptance 3 days HA
i SMEC Delivery to RAL 0days 12 a_
205 SMEC Acceptance 3 days I
E BSM Delivery to RAL 0 days vz fbal
207 BSM Acceptance 3 days -
[ | Shutter Delivery to RAL 0days v flall
209 Shutter Acceptance 3 days -
z FTS Calibrator Delivery to RAL 0days 12 é
21 FTS Calibrator Acceptance 3 days -
72| Cooler Delivery to RAL 0days v falll
213 Cooler Acceptance 3 days -
[ ] JFET Box Delivery to RAL 0days 12
[25 | JFET Box Acceptance 3 days ¥
[25 | PFM Structure ready for Integration 0 days. 19 4
B FPU Integration 186 wks N —
[2 | Structure Integration, including optical/m 4 wks
[2] Warm optical alignment checks 3 wks
[20 | Bakeout 1wk
[721 | Integrate into Cryostat 4 days
22 Cooldown 2days
[225 | Cold optical alignment checks Lk
224 Warmup 3days
[ | De-integrate optical/mass dummies 1wk
[225 | RF Filter Modules Integration Lk
27| 2K Dichroics Integration 2days,
[228 | Detector Arrays Integration and alignmel 2wks
[ | 2K Filter Integration 2days,
230 FTS Mech. Integration and aligment 3 days,
[ | FTS Preamplifier Integration 2days,
[z | BSM integration and alignment 3 days
[ ] Shutter integration 1day
234 FTS calibrator integration and alignment 2 days
[z | Cooler integration 1day
[z | Filters and Beamsplitters integration 2 days
=] Structure Re-integration 1day
[ | Warm Electronics Integration 55 wks L v
R QM WE Available for PFM Testing 0 days. 53 4,
240 QM WE Integration into Test Facility 2 wks
z PFM DPU Delivery to RAL 0days 2502 Ql_
242 PFM DPU Acceptance 3 days
25| PFM DPU Verification 1wk
244 PFM DRCU Delivery to RAL 0 days. 153
[z | PFM DRCU Acceptance 3 days,
[ | PFM WIH Delivery to RAL 0days 1513
[ 2| PFM WIH Acceptance 3 days,
[ | PFM DRCU Verification 1wk
[2 ] PFM WE Available for PFM Calibration 0days 2013 @
250 Instrument Integration L4 wks
[z | FPU Integration into Cyostat 2 days
[ | Interface Checks 2 days
[ | Warm Functional Test 3 days
24 PFM Verification 136 wks P
[ | Instrument Cooldown 1wk
[ | Cool down 3 days,
[ | Interface Checks 2 days I?
[ | Cold Functional and Performance Check 18 wks
[ | Cold Functional Tests 3 days
260 Pre-vibration Performance Tests 1wk I%
[ | Vibration 6.2 wks
E Warm Up 3days Dl
263 Warm Functional Tests 2days
264 FPU Packing 3 days, %
E Ship FPU to Cold Vibration Facility 2days 'l
266 Delivery of FPU to Cold Vibration Facilit 0days 182
E Delivery of FPU from Cold Vibration Fac 0days 103 <}1
i Instrument Integration 3 days, Dl
269 Interface Checks 1 day
[7 | Warm Functional Test 2 days I}
z Cold Functional and Performance Check 22wks *‘n
i Cool Down 3days
7] Cold Functional Test 3 days
7| Post-vibration Performance Tests 1wk
E Performance verification 26 wks !,
e Integrate PFM WE into Test Facility 3 days,
Ed Performance Tests with PFM Warm Ele Lk
B3 Warm Electronics Thermal Cycling Test: Lk
7| Calibration sk
280 Calibration 6 wks
[ | Cold Functional Check 2days,
[ | Delivery 24 wks
263 Warm Up 3days
284 Warm Functional Test 2 days
[z | Mass properties Measurement 2 days
[ | Packing and shipment Lk
[27 | Preparation of Delivery Data Package 2wks
[z | PFM Readiness Review 2days, 216
[ | Delivery of PFM to ESA 0 days n




1T rMav

[2004 [2005 [2006
ID__| Task Name Duration [ Nov [ Dec | Jan | Feb [ Mar | Apr | May [ Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr
290 Flight Spare Model 58.4wks
291 FS Integration 35.6wks P——
| 292 | Warm Electronics Integration 356wks P
Il QM DPU Available for FS Assembly 0days " Ly
i Pack and Ship QM DPU to IFSI Lwk H
295 Delivery of QM DPU to IFSI 0days |
| 256 | QM2 DRCU Available for FS Assembly 0days " Ly
i Pack and Ship QM2 DRCU to Sap Lk D—l
298 Delivery of QM2 DRCU to Sap 0days |
El FS DPU Delivery to RAL 0days o Ly
300 FS DPU Acceptance 3days 0
Ea FS DRCU Delivery to RAL 0days o |
El FS Structure Ready for Integartion 3days 1 |
E FS Mirrors Delivery to RAL 3days 1011 ||
Ed PFM Alignment Verification 2wks ‘ﬁ.
X FS BSM Delivery to RAL adays o |
3 FS SMECm Delivery to RAL adays o |
[ a0 | FS Cooler Delivery to RAL 3days 011 |
Ex FS Shutter Delivery to RAL adays o |
2 FS SCAL Delivery to RAL adays wn |
3 FS Detector Subsystem Delivery to RAI 3days 1011 |
[ 314 | FS Filters Delivery to RAL 3days 011 |
Ea FS FPU Integration 2wks T
E3 FS FPU Integrated 0days 1012 o
El FS Verification 136 viks i
El FS Calibration 6.4 wks
3 FS Delivery 28wks
E3 FS Readiness Review 2days 1955
|52 ] FS Delivery to ESA 0days wody |
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Annex 3. SUBSYSTEM SCHEDULES
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2000 T2001 Tz002 T2008 T2004
Jan | Feb [ Mar [ Apr | May [ Jun | Jul_|Aug [Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr [ May [Jun | Jul | Aug [ Sep | Oct | Nov

10| Task Name Duration

437 ATC (Version 00b1) 412.8 wks,

438 SPIRE BSM 412.8 wks.

439 Project Management 4128 wks

440 Project Start 0days

441 Manage Project (Phase B) 64 days

442 IP visit ATC 15 days

443 IP Full time at ATC 0days

444 Manage Project (Phase C/D) 1260 days ;':j T
445 Project Scientist 1817 days

446 Informal Review 1day 15

47 Revise Development Plan 5 days

448 development plan to KK 2 days 1

449 Project Wrap up 20 days

450 Project End 0days

451 Preliminary Design (Phase B) 16.2 wks.

452 Preliminary Design 9.4 wks

453 Preliminary Design Mechanical 40 days

454 Preliminary Design Control System 20 days

455 Deliver preliminary Simulink Model to LAM 0 days

456 Magnetic Modelling - (1) 3days

457 Locate ISOPHOT anolog design 10 days

458 Design progress meeting 0.25 days

459 Rapid Prototype 12.8 wks

460 Procure sensors 15 days

461 Procure flex pivots 15 days

462 Combine model mirror & support 1day i

463 Export Pro/E model for rapid prototype 1day

464 Identify rapid prototype supplier & place PO 5days

465 Machine mirror/support 10 days

466 Design/Build Prot Analog Brd 20 days r

487 Build test jig & assemble 5 days

468 Test Position Sensors 10 days L
469 Report on Rapid Prototype 4 days

470 PDR Documentation 5.8 wks —y
47 BSM Specification Document 8 days ¥

472 ICD Structure 5 days Y

473 Draft WE ICD 5 days |1
474 PDR document prep 5 days ‘ll'

475 Design Justif.n & SubSys Spec draft 5 days [ L

476 design justif.n & spec revision 3days

Ed PDR doc production 5days

478 PDR document release 0days

479 Delta PDR 0days 0
480 Build & Test Prototype Model 36.1 wks ] v
481 Design Refinement 13 wks

482 Preliminary Design Analog Board 10 days

483 Option if MF unavailable 0days 15/5

484 Identify control sys consultant 40 days

485 Refine Design Control Sys 20 days

486 Brassboard Prototype 225 wks.

487 Procure commercial components 30 days

488 Mechanical Work 105 wks.

489 Incorporate PDR advice 5 days

490 Detailed Mech Design 5 days

491 Manufacture components 20 days

492 Preliminary Design Test Rig 12,5 days

493 Develop, Purchase & Build test rig x2 30 days

404 Control Work 4wks.

495 Develop dSPACE Controller 20 days




Task Name Duration 20@ |ﬁ0f\4 I 2002 Ianq Iqu 4
Electronics cwks [ JATT
ICD Warm Electronics 20 days
Assemble prototype 5days | ]
Rig acceptance tests x 2 5 days f.
Test & characterise Prot Warm 25 days A
Test Prot cold 25 days
Write Report on Prototype 5days
Alternate prototype CDL 25.4wks, v
Place alternate design contract 8days
preliminary design 5 wks.
PDR 1day
DESIGN & BUILD 5wks.
CDR & vib. model delivery to ATC 1day
Final Design, Manufacture 9 wks.
Full model & doc. delivery 1day
Test CDL prototype 15 days
Report on CDL 1day
LAM liaison 27.9 wks.
Meeting @ LAM to discuss deliverables 2days
Report on sensor stability to LAM 0days
Draft WE ICD to LAM 0days
Deliver Rapid Proto to LAM 0 days
Report to LAM on CDL prototype 0days 1 r
. tP:mmype lRepon |: LAIM t ] 3: :ays >0/t
rototype continuous development as req' fays
Deliver ICD WE to LAM 0 days h ,:I
Deliver refined Simulink Model to LAM Odays h [:|g
Deliver Analog Board Design Doc to LAM Odays hh *
BSM Design Option Review 5 days b1
Design OptionSelection 0 days
Deliver Rig 2 to LAM 0 days 1% he RITH
Decision on need for Launch Lock Odays -
Detailed Design (Phase C) 30.2 wks.
Detail Design 30.2 wks. :
Concept design structure 20 days
Liaison with MSSL 20 days
Detail Design Structure 30 days
Detailed Design Mech 40 days
Launch lock 25 wks [~ '
contingency design of launch lock 45 days
contingency manufacture of launch lock 20 days _E- ]l
contingency test of launch lock 40 days i I h
contingency integrate LL to DM 20 days t}_
Magnetic Modelling - (2) 5 days 1Y
Design Motors 20 days
Detailed Design Analog Brd 30 days Y
ESA common parts procurement request 10 days L
Document 7.6 wks
Document Board Design 10 days
Update ICD structure 2 days > ;
Document Mech & Motor Design 8 days ]'_
DDR Doc production 5 days j_
Deliver Analog Board Detailed Design to LAM 0days h
Detailed Design Review 0 days 2219 "ﬁ"
Build and Test Development Models 46.6 wks 22 v
Procure space type components 80 days }——*
Manufacture 2 DM Mechanisms 30 days
Manufacture 2 DM structures 30 days. ‘_'
Manufacture 2 DM Analog Brds 20 days x
-
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2000 T2001 Tz002 T2008 T2004
Jan | Feb [ Mar [ Apr | May [ Jun | Jul_|Aug [Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr [ May [Jun | Jul | Aug [ Sep | Oct | Nov

D Task Name. Duration

61 Grenoble (issue 1.1) 188.6wks |,

612 Delta PDR 0 days 2606

613 Technical Requirements Definition 2 ks

614 Instrument Interface Review 0days

615 Overall design 4 wks

616 Detailed Design 6 wks

617 Cooler Detailed Design Review 0days

618 Testing Setup 21 wks

619 Test Plan/Test Setup design 4 wks

620 Test Setup Manufacture 15wks

621 Test Predictions 2uiks

622 CQM Cooler Manufacture 378 wks v

623 Cooler Manufacture 15 wiks

624 Cooler Asembly 8 wks

625 Test Readiness Review and Approval 2days 3014 ‘!%..

626 Prequalification Test 2vks

627 Thermal Test Programme #1 4 wks

628 Environmental Test Programme 4 wks

629 Thermal Test Programme #2 2vks

630 Preparation of Delivery Package Lk

631 Delivery Review 2days s |+

632 Pack and ship to RAL Lk Di

633 CQM Cooler Delivery to RAL 0days as |

634 Critical Design Review 0days w2 |

635 PFM Cooler Manufacture 374 wks | _ v
636 Cooler Manufacture 15 wks O

637 Cooler Asembly 8 wks

638 Test Readiness Review and Approval 0days 1507

639 Prequalification Test 2vks

640 Thermal Test Programme #1 4 wks

641 Environmental Test Programme 4 wks

642 Thermal Test Programme #2 2vks

643 Preparation of Delivery Package Lk

644 Delivery Review 2days

645 Pack and ship to RAL Lk

648 PFM Cooler Delivery to RAL 0days

647 FS Cooler Manufacture 522 wks | _ v
648 Cooler Manufacture 15 wiks =

649 Cooler Asembly 8 wks

650 Test Readiness Review and Approval 2days 2010 g
651 Prequalification Test 2 ks

652 Thermal Test Programme #1 4 wks

653 Environmental Test Programme 4 wks

654 Thermal Test Programme #2 2 ks

655 Preparation of Delivery Package Lk

656 Delivery Review 2days 271
657 Pack and Ship to RAL Lk Bi
658 0 days )

FS Cooler Delivery to RAL

a2
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| Duration

2000 T2001 Tz002 T2008 T2004
Jan | Feb [ Mar [ Apr | May [ Jun | Jul_|Aug [Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr [ May [Jun | Jul | Aug [ Sep | Oct | Nov

D Task Name.

659 IFSI (Issue 1) 324.6wks

660 DPU design 87 wks |—

661 Computer architecture 76 wks. 1

662 SIC I/F design ]

663 Subsystems I/F design Badwks )

664 DPU ITT 195.2 wks '
665 DPU requirements ’2Wk5]

666 ITT 16 wks

667 Industry selection Lk 2013 .

668 Negotiation of Contract 16 wks _jl

669 Contract Signed 0 days 147}

670 AVM Electrical Boards Delivery to IFSI 0 days 6 ¢[_-

671 Approval to Procede with QM manufacture 0 days 238 4

672 QM Electrical Boards Delivery to IFSI 0days 101

673 Approval to Procede with PFM Manufacture 0days a0 L_ﬁ
674 PFM Electrical Boards Delivery to IFSI 0days T 1215
675 FS1 Electrical Boards Delivery to IFSI 0days

676 FS2 Electrical Boards Delivery to IFSI 0days |
o717 SI/C Simulator 47 wks ! v

678 S/C Simulator design 37 wiks I

679 S/C Simulator manufacturing 5 wks

680 S/C Simulator SW and test 10wiks

681 S/C Simulator Available 0days o3

682 DRCU Simulator#1 Delivered to IFSI 0days e | 4—

683 EGSE#1 Delivered to IFSI 0days

o84 AVM DPU Manufacture Ardwks v

685 Mechanical Manufacturing 14 wks

686 Assembly 7 ks

687 Interface Checks Lk

688 Interface Tests 4 wks

689 In-house Tests and Verification 13 wks [

690 Acceptance tests Lk

691 Preparation of Delivery Package 2 ks

692 Delivery Review 2days 3011

693 Pack and Ship to RAL Lk

694 AVM DPU Delivery to RAL 0days w012 |

695 QM DPU Manufacture 504 wks | _ v

696 Mechanical Manufacturing 10wks

697 Assembly 10 wks

698 In-house Tests and Verification 26 wiks

699 Environmental Tests 3 ks

700 Acceptance Tests Lk [

701 Preparation of Delivery Package 2 ks

702 Delivery Review 2days 1110

703 Pack and Ship to RAL Lk

704 QM DPU Delivery to RAL 0days 2110

08 PFM DPU Manufacture 594 wks | _

706 Mechanical Manufacturing 20wks

707 Assembly 10 wks

708 In-house Tests and Verification 25 wiks

709 Envirironmental Tests 3uiks

710 Acceptance Tests Lk

7L Preparation of Delivery Package 2vks

2 Delivery Review 2days 32
3 Pack and ship to RAL Lk

74 PFM DPU Delivery to RAL 0days 172
s FS DPU Manufacture 314 wks

718 QM DPU Delivery to IFSI 0days ur ;I
77 16 wks

In-house tests
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2000 T2001 Tz002 T2008 T2004
Jan | Feb [ Mar [ Apr | May [ Jun | Jul_|Aug [Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr [ May [Jun | Jul ] Aug [ Sep | Oct | Nov

D Task Name Duration
e Assemble FS DPU 2wks

e Test FS DPU dwks

720 Environmental Tests 3 ks

721 Acceptance Tests Lk

722 Preparation of Delivery Package 2 ks

2 Delivery Review 2days R

24 Pack and ship to RAL 1wk I]l
725 FS DPU Delivery to RAL 0days 1719 4.
72 OBS 219.2wks .

21 SIC I/F module 65 wks N

28 Subsystem I/F module 65 wks |

29 OBS Controller 65 wks |

30 Data Packetiser 65 wks |

731 OBS Intermediate Review 2days |

a2 Health Autonomy Module 15 wks

38 AVM issue 45 viks I |

34 OBS 2nd Review 2days A

3 PFM issue 108.4 wks 4* :

36 Documentation 2234 wks ’

7 User Requirements Docuemt e e —

38 SW Specification Document 35 ks T

30 Detailed Design Document 30 wks l 0

740 Software Validation and Verification 50 wks. 7

a1 OBS User Manual 108 wks ; I

a2 Support Activities 1042 wks

a3 Virtuosos OS 44 viks L

744 Decision on OS use 0days 8 :

745 65 wks

Test Module
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Task Name

Duration

JPL (Version 6Jun00)
Major Milestones
Downselect of FPU
Business Agreement Signed
Documentation
Development Plan Submitted
Subsystem Specification Submitted
FPU ICD Delivered to RAL
JFET Module ICD delivered to RAL
Delta PDR
Instrument Interface Review
Development Phase
Cold Cable Development
EM Bolometer Development
FPU Development
JFET Development
Feedhorn Development
Warm Electronics Development
Primay Testing Cryostat Proc. & Modificatio
STM Arrays Delivery to RAL
Flight Hardware (Phase C/D)
cQM
Fabrication
Assembly
Testing
First CQM FPU Delivered to QMW
Sparse Arrays Delivered to QMW
Test at QMW
CQM Arrays Delivery to RAL
JFET Modules Delivered to RAL
Critical Design Review
PFM
PFM Fab, Assem, Testing
First PFM FPU Delivered to QMW
Last PFM FPU Delivered to QMW
Test at QMW
PFM Arrays Delivery to RAL
JFET Modules Delivered to RAL
FSM
FSM Fab, Assem, Testing
First FSM FPU Delivered to QMW
Last FSM FPU Delivered to QMW
Test at QMW
FS Arrays Delivery to RAL
JFET Modules Delivered to RAL

252 wks
36.2wks
0days
0days
6.4 wks
0days
0days
0days
0days
0days
0days
50 wks.
200 days
80 days
200 days
160 days
100 days
80 days
120 days
0days
211 wks
28 wks
60 days
20 days
160 days
0days
0days
16 wks
0days
0days
0days
96 wks.
480 days
0days
0days
12wks
0days
0days
40 wks
200 days
0days
0days
12wks
0days

0days

2000 T2001 Tz002 T2008 T2004
Jan | Feb [ Mar [ Apr | May [ Jun | Jul_|Aug [Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr [ May [Jun | Jul | Aug [ Sep | Oct | Nov
72
a7
15/6
2006 |
17]
7|
w
2716
v,
10710
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412
18
110 |4
23710
vio ||
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28
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220 |
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2000 T2001 Tz002 T2008 T2004
Jan | Feb [ Mar [ Apr | May [ Jun | Jul_|Aug [Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr [ May [Jun | Jul | Aug [ Sep | Oct | Nov

D Task Name. Duration
o1 LAM 263.8 Wks
2 Mirrors (Version 20000601) 263.8 wks ?
93 Mirrors Preliminary Design 30wks
794 Mirror Mock-Up Vibrations 5 days
i Alignment Plan Design 150 days |———————
7o SPIRE PDR 0days -
o7 Test Mirrors Diffusion Bench 20 wks I.T‘—_
708 Test mirrors procurement 80 days
9 Diffusion Measurements 20 days
800 Optics Detailed Design Review 0 days 1011
g0t CQM and PFM Mirrors Procurement 48 wks -
g0z ITT Writing 20 days 0
803 Administrative Recording Delay 20 days
g0 Wait for proposals 65 days
80 Choice of manufacturer 15 days
806 Administrative Notification Delay 20 days
807 Mirrors Manufacture 100 days o)
808 CQM Mirrors Verification 14 wks
809 Controls 20 days
810 Bake out 10 days
o1t Thermal cycles 20 days
812 Post cycling Controls 20 days
813 CQM Delivery to RAL 0days 1w
o1 PFM Mirrors Verification 14wks
815 Controls 20 days —
816 Bake out 10 days ‘:q
8 Thermal cycles 20 days
818 Post cycling Controls 20 days
o1 SPIRE CDR 0days .
820 PFM and FS mirrors Manufacture 50 days ‘\E
821 PFM and FS Modified Mirrors Verification 4 wks
822 Controls 20 days
823 Bake out 10 days
824 Thermal cycles 20 days
825 Post cycling Controls 20 days
826 PFM Delivery to RAL 0days S
827 FS Optics Delivery to RAL 0days 1m1 >
828 Alignment Tools 64.4wks v
829 Alignment Simulator 40 days 2
o0 MAT L3wks q
831 MAT Optics Procurement 45 days |
832 MAT Optics Mech Interface design an 45 days 1
833 Controls 20 days %
gas D-Tool, CS-Tool, O-Tool, M2-Tool 31wks —
835 Optical Components procurement 45 days [
836 D-Tool Mechanical mounting design ai 40days [
o7 Preliminary Controls 20 days
838 Bake-Out 10 days
839 Selection Controls 20 days
840 Mechanical mountings design and mar 45 days
o Mech mounting Bake out 10 days
842 Controls 5 days
o3 PSD-Tools 37 wks v v
Ba PSD Procurement 150 days I
845 PSD bench components procurement 40 days —
846 PSD Mounting Mechanical Design anc 100 days —
i Bake out 10 days
848 Controls 5 days
84 Thermal Cycles 20 days o




Task Name

Duration

Controls
3D and APEX tool

Mechanical Design and manufacture

Bake-Out
Controls

SMEC (Version 20000606)

SMEC Preliminary Design

SMEC Control System Engineering
Principles specifications
Principle analysis and simulations
Breadboard development
Actuator procurement
PWR Amplifier breadboard
PLL servo control breadboard
Trajectory controller breadboard
OEPS electronics procurement
Control system breadboard AIT
Bench intergation
Measurements and control system
OEPS Preliminary Tests

SMECp Requirements

SMECmM preliminary mechanical design

GSFC prototype
Delivery from GSFC
Repairs
Testings

Simulation with OEPS

SMEC PDR

Long delay cryogenic components procuremi
WE Detailed Design Review
DRCU Simulator Development
MAC Card Detailed design
Interface electronic development

Detailed Design
Test with DPU
Design modif
Test with DPU

Multi Axis Controller (MAC) developmer

Detailed design

Components procurement

Manufacture
Electrical tests

Software development
BSM Simulator Simulink delivery to L4
SMECmMm simulator development
DSP tests for contorl of both mecanis
DSP Software draft version

MAC Card integration and tests
FPGA Integration and test
Software integration (EEPROM)

Functional tests

BSMm DM delivery to LAM
Tests with BSMm DM and SMECm pi
Software transfert from EEPROM to

Final Tests
MAC Design update
SMEC board development

Detailed design and EM manufacture

Electrical tests

5 days
9.4 wks
45 days

1day
1day
232.6 wks
28.4 wks
23 wks.
52 days
52 days
14.6 wks
0 days

29 days
52 days
52 days
29 days
8.4 wks
21 days
21 days
100 days
30 days
60 days

7 wks

0 days

20 days
10 days

5 days

0 days
100 days
0 days

80 days
46.2 wks
26 wks.
100 days
5 days

20 days

5 days

32 wks.
100 days
80 days
20 days
20 days
29.4 wks
0 days

20 days
40 days
60 days
10.2 wks
5 days
5 days
30 days
0 days
1 day
5 days
5 days
20 days
31 wks

100 days

5 days
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2000 T2001 Tz002 T2008 T2004
Jan | Feb [ Mar [ Apr | May [ Jun | Jul_|Aug [Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr | May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr [ May [Jun | Jul | Aug [ Sep | Oct | Nov

D Task Name. Duration
1062 MSSL (Version 0.4) 548 wks
105 | Travel & Subsidence 548 wks
[1064] Travel Europe 2493 days
|20 | Travel outside Europe 1697 days
1066 Travel UK 1697 days
1057 | Courses 1day
[2oee | Pre-PDR sdays
105 | PDR-interbellum 144.6 wks
Ea Coupon testing 318 wks
[0 Coupon definition 30 days
(1072 | Coupon production 50 days
|7 | Coupon testing 50 days
[0 Coupon evaluation 15 days
[2075 | Drafting Concept 166 days
2076 | Computing 1day
[0 | Alignment plan 153 days
[ | FEM concepts 153 days
(17 | Defining interfaces 179 days
Bl Structure PDR odays
B Final Design SLwks J
= Support test 12wks
= design test fixture 20 days
105 | design blade 5 days
[ 20| design fixed support 5 days
B support production 10 days
2057 | support test 10days
B Support test evaluation 20 days
| 1050 | Drafting Final 37.4 ks, v
[[70%0 | Spectrometer Mirror support 2wks
[0t ] Support corner mirror 5 days
1002 Support collimated mirror 5 days
[[70%% | Spect. beam splitters support Lwk
[1004] Spect. beam split. support 5 days
705 | Spect. Det. box 4.2wks
1006 Bottom 7 days
|7 Middle Taays
0% ] Top 7 days
B Photometer mirror support 72wks
=l Secondary Opt. Bench 15 days
ot M6 support 15 days
= M8 support 6 days
|07 | Phot. Det. Box 4.8wks
104 Bottom 8 days
B Middle sdays
[0s ] Top 8 days
o7 Baffles 20 days
=l Common structure 20,6 wks _E
Bl Detector Box support 6 days ﬂ
[ ] Optical bench panel 23 days
[ Side panel 1 6 days
[z Side panel 2 6 days
B Side panel 3 6 days
[me] Side panel 4 6 days
[ Side panel 5 6 days
[ | Side panel 6 6 days
[ Side panel 7 6 days
[ | Side panel 8 6 days
[ Cover panel +Y 13 days
[0 Cover Panel -Y 13 days l
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L Duration | UL Tadasla I aNa To
a2t Common structure Support 08wks | JATT ARPIVIgy ottt
[z Fixed point (final) 2days
[ Blade support (final) 2days
&= Final FEM 27 ks s ——
[ Model creation 60 days O
[ | Static Analysis 15 days
= Thermal deformation analysis 15 days
[ | Sine analysis 15 days
[ Random analysis 15 days
=0 Shock Analysis 15 days
= MGSE design 11 wks s p—
[ | Interface plate 5 days
= OBP holder/Handling frame 30days
[ | Transport Container 20 days
|75 | Freeze interface definition 9.6 wks ﬁ\
16 Cooler 4days
=7 FTS mechanism 4days
18 Mirrors 4days
[539| Filters 4days
[ Baffles 4 days
[ Shutter 4 days
[ ] BMS sdays
B Detectors 4days
[ | siC 4days
[ | HiFi 4days
[ ] Spectrometer Calibration 4 days
[ Photometer calibration 4days
[ | Instrument Interface Review 0days
[ ] Structure Detailed Design Review 0days ’ 1¢
150 CQM Structure Manufacture 46.8 wks v
=] CQM Production 34.8 wks
=l Common structure 32wks
|7 ] Optical bench panel 30 days
B Cover panel +Y 15 days
[ Cover Panel -Y 15 days
B Side panel 1 10 days
B Side panel 2 10 days
[ | Side panel 3 10 days
[ Side panel 4 10 days
[0 Side panel 5 10 days
B3 Side panel 6 10 days
[ | Side panel 7 10 days
B Side panel 8 10 days
B Side panel 9 10 days
7555 | Side panel 10 10 days
B MGSE production 19 wks
|7 | Interface plate 10days
B OBP holder/Handling frame 45 days
755 | Transport Container 40 days
[ ] Suspension 5.4wks
| Detector Box supports (6 x) 12 days
& Fixed point 5 days
[t Blade +Y 5 days
[t Blade -Y 5 days
[ Dichroic and filter attachments 4.2 wks
[t Dichroic rings (2) 6 days
[t Filters (2) 6 days
[t Cold stops(3) 9 days
[ Baffles 6.2 wks




D

Task Name

Duration

1180
[118]
[118]
[118]
[118]
[118]
[118]
[118]
[118]
[118]
[119]
[119]
[119]
[119]
[119]
[119]
[119]
[119]
[119]
[119]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[120]
[121]
[121]
[121]
[121]
[121]
[121]
[121]
[121]
[121]
[121]
[122]
[122]
[122]
[122]
[122]
[122]
[122]
[122]
[122]
[122]
[123]
[123]
[123]
[123]
[123]
[123]
[123]
[123]
[123]

Entry Photometer
Separation Phot. 4 K - 2 K compartme
Tube between Phot. - Spectr. entry
Spectr. Mirror support
Support Corner 1
Support Corner 2
Support Corner 3
Support Corner 4
Support Collimator 1
Support Collimator 2
Spectr. beam splitters support
Spec.. beam split. supp. 1
Spec.. beam split. supp. 2
Photometer mirror support
Secondary Opt. Bench
M6 support
M8 support
Spectr. Det. box
Bottom
Top
Phot.. Det. box
Bottom
Middle
Top
External Input
Application Black Material (QMW)
Thermal Finishes
Structure Integration
Integration Start
Secondary OBP mounting
OBP mounting in MGSE
Mounting SDBX
Mounting PDBX
Photometer mirror support mounting
Thermal Straps for detectors
Beam splitters support mounting
Spec.. mirror support mounting
Mounting Baffles
Mounting alignment tools? (OGSE?)
Mounting sidepanels
Mounting cover panels
Mounting support for Common structure
Ship to RAL
Subsystem Deliveries
Optics and OGSE Delivery to RAL
Optics Acceptance
STM/Alignment Filters Dichroics and Beams
STM/Alignment Filters Dichroics and Beams
BSM STM/Optical Dummy Delivery to RAL
BSM STM/Optical Dummy Acceptance
SMEC STM/Optical Dummy Delivery to RAL
FTS STM/Optical Dummy Acceptance
Detector STM Delivery to RAL
Cooler STM Delivery to RAL
Shutter STM Delivery to RAL
Spectrometer Calibration Source STM Deliv
CQM RF Filter Modules Delivery to RAL
CQM REF Filter Modules Acceptance
Alignment verification

12de
15de
4da
6.1w
4da
4da
4da
4da
7da
7da
16w
4da
4da
9wl
25de
15de
5da
7w
20 de
15de
9wl
15de
10 de
20 de
25de
10de
10 de
4wl
Oda
1de
1de
1de
1de
1de
1de
1de
1de
2da
1de
4da
2da
1de
2da
46w
Oda
3da
Oda
3da
Oda
3da
Oda
3da
Oda
Oda
Oda
Oda
Oda
3da
74w

IEYaVar)
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T Y_
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179

179
195
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2000 Ionna IEYaVar) IEY2Y-) IEY-Y-V)
ID_| Task Name buration [&UERS | " A% '
1239 Check alignment mechanical Todays | JAUT
Tr | Integrate mirrors, OGSE amd Optical Dummies 15 days
T | Integrate Mass Dummies. 3 days
T | Integrate RF Filter Modules 1day
Tr | Add Instrumentation 1day
Tr | Optical alignment check warm 2 days
T STM Warm Vibration 38wks
T | visual inspection 1day
T | Mounting on shaker+instrum. 2 days
Tr | X-axis sine, random, shock 5 days
Tr | Y-axis sine, random, shock 5 days
Tr | Z-axis sine, random, shock 5 days
Tr | visual inspection 1day l
T Post STM Vibration Verification 2vks
Tr | Optical alignment check warm 2 days l
Tr | Optical Quality Verification 10 days D
S| Bakeout 5 days
S| Optical Alignment Check warm 2 days
T | Test Cryostat Available 0days 101
Tr | Cold STM Testing 22wks
Tr | Integration into Test Cryostat 2 days
Tr | Cooldown 3 days
Tr | Optical Alignment Check cold 3 days
S| Thermal Balance Check 1day llt
S| Warm up 2 days 'l
S| STM De-integration 1day &
Tr | Test Readiness Review 1day 5/ #—
T PFM Structure Manufacture 34wks 9 v
Tr | PFM production 170 days ( 1
S| PFM Structure Ready for Integration 0days ’a m*
T FS Structure Manufacture 30.8 wks PEEEEE——
S| CQM use by ESA 0days
T | FS refurbishment 100 days 201
S| FS mechanical I/F check 20 days
Tr | FS delivery to RAL 0days

1/11%




[V VS

T2000 J2001 J2002 J2003 [2004
Duration | Jan [ Feb [ Mar [ Apr [ May [Jun | Jul [Aug [Sep [ Oct [Nov | Dec | Jan [Feb [ Mar | Apr [May [Jun | Jul [ Aug [Sep [ Oct [Nov [ Dec | Jan [Feb [ Mar [ Apr [May [ Jun | Jul [ Aug [ Sep | Oct [ Nov [ Dec | Jan [Feb [ Mar [ Apr [ May [Jun | Jul [Aug [ Sep [ Oct [Nov [ Dec [ Jan [Feb | Mar [ Apr

ID__|Task Name
1467 RAL 258.2 wks
| 262 | Test Facility 2582 wks
| 1469 | Project Start 0days
[ 2a70"| General Facility Specification 112 wks
Ea Requirements 9 wks
1472 | Facility PDR Lday
1473 | Update Requirements Spec 2wks
|27 | Issue Requirements Spec 0days ann
| 1a75 | Cryostat 96.8 wks
1476 DeSign 27.4wks
2477 | Initial Design Concept 10 wks il
B Cryostat PDR 1day 286 | 4
EQ Produce Detailed Design 16 wks il u
| 2480 | Cryostat CDR 1day 25/10
3 Issue Detailed Design Spec 0days 25/1£
1482 | Manufacture 44 wks h
| 183| Tender Exercise 12wks E':b
| 28| Cryostat Manufacture 32 wks [
| 2485 | Cryostat Delivered 0days o8 |5
| 186 | Procure Vacuum System and Acces 16 wks E'—l
| 287 | Procure Filters 16 wks E'—l
3 Procure Electrical Feedthroughs 16 wks E'—l
| 289 | Manufacture Electrical Harness 16 wks |—":|
| 2400 | Integration L4 wks
| 1401 | Install Cryostat 4 wks
| 1492 | Install Pumping System 2wks 1
| 1403 | Mount Filters 2wks
3 Mount Feedthroughs Lwk
| 2405 | Install Cold BB Source 2wks ]
| 2496 | Install Instrument Simulator Lk
| 2407 | Connect Instrumentation Harness 2wks ]
| 2408 | Commissioning 1L4wks
1499 Test Plan 2wks
| 1500 | Leak test at Room Temperature Lwk
| 1501 | Bakeout Luk
| 1502 | Cooldown/Thermal Tests 2days
| 1503 | Radiometric Tests 3wks
| 1504 | Produce Commissioning Report 2wks
| 1505 | EMC Tests 2uks
| 1506 | Cryostat Commissioned 0days 22 |5
1507 Sources 73 wks
| 1508 | Hg Lamp 4wks
| 1509 | FTS 365 days
1510 | Cold BB 25 wks
= Laser reconfiguration 10 wks
1512 | Reference Bolometer 1day
B Instrument Simulator 32.4wks
B Preliminary Design 4 wks
| 1515 | Preliminary Design Review 1day
B Detailed Design 12 wks
[ 5517 | Critical Design Review 1day
| 151 | Manufacture 16 wks
|51 | Telescope Simulator 2094 wks




[V VS

2000 J2001 J2002 J2003 [2004
ID__ | Task Name Duration | Jan [ Feb [ Mar [ Apr [ May [Jun | Jul [Aug [Sep [ Oct [Nov [ Dec | Jan [Feb [ Mar | Apr [May [Jun | Jul [ Aug [Sep [ Oct [Nov [ Dec | Jan [Feb [ Mar [ Apr [May [ Jun | Jul | Aug [ Sep | Oct [ Nov [ Dec | Jan [Feb [ Mar [ Apr [ May [Jun | Jul [Aug [ Sep [ Oct [Nov [ Dec [ Jan [Feb | Mar [ Apr
1520 Initial Optical Design 8 wks
Ea Preliminary Design Review 1day )
| 1522 | Detailed Design 8 wks :h'
| 1523 | Critical Design Review 1day
| 1524 | Manufacture/Procure Optics 13 wks
| 1525 | Procure Stepper Motors 13 wks
| 1526 | Integrate and Align Telescope 4 wks T
1527 | Test 13 wks ]
| 1528 | Review and Accept 1day an
| 1529 Test Facility Control System 10t wks
| 1530 | System Specification 8 wks
| 1531 | Hardware 69 wks
| 1532 | Procure Control PC 4wks
| 1533 | Thermometer Logging System 4 wks
| 1534 | EGSE Interface 4wks
| 1535 | Source Interfaces 4wks
| 1536 | Software 93 wks
1537 | URD 2wks
| 1538 | ADD 4wks
| 1539 | DDD 8wks
1540 | Code 16 wks
Ea Integrate 4 wks
1542 | System Tests 4 wks
| 14| Facility 35 wks
| 1544 | Design Facility 8wks
| 1545 | Rebuild Facility 25 wks
| 1546 | Commission Clean Room 2wks
1547 | Clean Room Ready 0days
154 | Test Facility Integration 4 wks
1549 | Test Facility Available 0days
1550 | EGSE 84 wks
E3 EGSE System requirements 0days 6
| 1552 | Interface Unit Development 52 wks [l ]
| 1555 | SC0S2000 Development 52 wks C ]
| 1555 | EGSE Acceptance Test 4 wks
| 155 | EGSE#2 Available odays o
| 1557 | EGSE #3 Manufacture and Test 12 wks
| 1558 | EGSE#3 Available odays 17710
| 1559 | EGSE#4 Manufacture and Test 12 wks
| 1560 | EGSE#4 Available odays o




Yaviay

2000 J2001 J2002 J2003 [2004
Jan [ Feb [ Mar | Apr [ May [Jun | Jul [Aug [Sep [ Oct [ Nov [ Dec | Jan [Feb [ Mar | Apr [ May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan [Feb | Mar [ Apr [ May [Jun | Jul | Aug [Sep | Oct | Nov | Dec | Jan |Feb [ Mar | Apr [ May [ Jun | Jul [Aug | Sep [ Oct | Nov | Dec | Jan | Feb [ Mar | Apr

ID__|Task Name Duration
1561 Saclay 202.2wks
3502 | SPIRE PDR ocays o o
1563 DRCU Development Basic Inputs 25.8wks —
| 1564 | DRCU requirements 65 days
| 1565 | DRCU Architectuel Design 65 days
| 1566 | DRCU Detailled Design 59 days %
|35 | DRCU I/Fs 13 wks P —
=l DRCU S/C I/F o5y T
1569 | DRCU/DPU I/F o5y +
1570 | DRCU/FPU I/F 65days EE
Ea Instrument Interface Review 0days 25/8
1572 | DRCU Detailed Design Review 0days 2/10
|72 | Test Means Development 123.2wks oy
1577 | DRCU Test Unit sowks v
| 1575 | DTU Requirements & Specifications 91 days ]
1576 DTU HIW 12.6wks
|57 | DTU Station procurement 48 days
1578 | DTU/DRCU IF Proc. & Impl. 63days
579 DTU S/W 39wks
2550 | DTU S/W Specification 43 days
= DTU S/W Code Writing 1090255
| 1562 | DTU S/W Test 43 days I
| 1563 | DTU I1&T 43 days
E3 DTU Delivery to SAp 1day 2/10
| 1585 | FPU Simulator 123.2wks [
| 1586 | FPU Sim. Requirements 91 days
[ 1587 | FPU Sim. Specif. & Archit. Design 43 days
| 1588 | FPU Simulator Prototype 39.2wks
[[15e0 | FPU Sim. Prototype Implementation 135 days
3590 | FPU Unit Simulator deliveries 1day o
= FPU Sim. Prototype I&T s9days
= FPU Sim. Prototype Available 1day o [
| 1595 | FPU Simulator (ESA deliverable) 57.2wks
B3 FPU Sim. Implementation 177 days |
159 FPU Sim. I&T 84 days
[ 159 | FPU Sim. Preparation for delivery to 25 days
[ 1597 | FPU Simulator#1 Delivery to RAL 0days 210p |
[ 15%e | FPU Simulator#2 Delivery to RAL 0days o
| 1599 ] Test Harnesses 10.8 wks < M
| 1600 | DRCU to FPU Test Harness Delivery 1day 208 |
| 2001 | WIH Test Harness 54 days
| 2002 | DRCU Main ITTs s0suks [ —
| 1603 | DRCU Power Supply 33 wks r
| 1604 ] DRCU Power Supply Requirements 35 days
| 1605 | DRCU Power Supply Realisation ITT 130days |
| 2606 | DRCU long delay Part Procurement 39 wks A
| 2007 | DRCU Component List 65 days
[ 608 | DRCU Part Procurement ITTs 130 days ]
| 1609 DRCU DCU Electronics Realisation 39wks
0] DRCU DCU Specification 6sdeys | 5
161t DRCU DCU Realisation ITT 130 days I
| 1612 | DRCU SCU Electronics Realisation 39 wks W
1613 65 days l:l

DRCU SCU Specification




Task Name

Duration

2000 J2001 J2002 J2003 [2004
Jan [ Feb [ Mar | Apr [ May [ Jun | Jul [Aug [ Sep | Oct | Nov | Dec | Jan [Feb | Mar | Apr [May [Jun | Jul [ Aug [Sep | Oct | Nov | Dec | Jan [Feb [ Mar [ Apr [May [Jun | Jul | Aug | Sep | Oct | Nov [ Dec | Jan [Feb [ Mar [ Apr [ May [Jun | Jul |Aug [ Sep | Oct | Nov [ Dec | Jan | Feb | Mar | Apr

1614
[ 1615 |
[ 1616 |
[1617 |
[ 1618 |
[ 1610 |
[ 1620 |
[ 1621 |
[ 1622 |
[ 1623 |
[ 1624 |
[ 1625 |
[ 1626 |
[1627 |
[ 1628 |
[ 1629 |
[ 1630 |
[ 1631 |
[ 1632 |
[ 1633 |
[ 1634 |
[ 1635 |
[ 1636 |
[ 1637 |
[ 1638 |
[ 1630 |
[ 1640 |
[ 1641 |
[ 1642 |
[ 1643 |
[ 1642 |
[ 1645 |
[ 1646 |
[ 1647 |
[ 1648 |
[ 1649 |
[ 1650 |
[ 1651 |
[ 1652 |
[ 1653 |
[ 1654 |
[ 1655 |
[ 1656 |
[ 1657 |
[ 1658 |
[ 1650 |
[ 1660 |
[ 1661 |
1662 |
1663 |
[ 1664 |
[ 1665 |

1666

DRCU SCU Realisation ITT
DRCU Mechanics
DRCU Mechanics Overall Design
DRCU Box Design
DRCU Box Prototype realisation
DRCU Board Design
DRCU Board Prototype realisation
DRCU Mechanics Validation
DRCU Mechanics Specification
DRCU Mechanics Realisation ITT
WIH Realisation
WIH Specification
WIH Realisation ITT
WIH QM1 Delivery to RAL
WIH QM2 Delivery to RAL
WIH PFM Delivery to RAL
DRCU QM1
DRCU QM1 Mechanics
DRCU QM1 Mec. Procurement
DRCU QM1 Power Supply
DRCU QM1 Power Supply Procuremen
DRCU QM1 Detector Control Unit
DRCU DCU Electronics Design
DRCU DCU BB Model Realisation
DRCU DCU BB Test at JPL
DRCU DCU QM1 Realisation
DRCU DCU QM1 Test At JPL
DRCU DCU QM1 Delivery to Sap
Detector Test Cryostat Delivery to SAp
Detector Test Cryostat Installation at S/
DRCU DCU QM1 Test at SAp
DRCU QM1 SCU
DRCU QM1 Subs. Digital Control
DRCU QM1 H/K Subsystem
DRCU QM1 Cal. Sources Subsystem
DRCU QM1 Cryo-Cooler Subsystem
DRCU QM1 PS Switch Control Subsysi
DRCU QM1 SCU I&T
DRCU QM1 MCU Delivery from LAM
DRCU QM1 I&T
DRCU QM1 Preparation for Delivery to RA
DRCU QM1 delivery to RAL
DRCU QM2
DRCU QM2 Part Available
DRCU QM2 Mechanics Manufacturing
DRCU QM2 Power Supply Manufactruring
DRCU QM2 Detector Control Unit
DRCU QM2 DCU Manufacturing
DRCU QM2 DCU Validation Test
DRCU QM2 SCU
DRCU QM2 SCU Realisation
DRCU QM2 SCU Validation Test
DRCU QM2 MCU Delivery from LAM

130 days
57 wks
25 wks
39 days
61 days
39 days
61 days
25 days
30 days

130 days
35wks
40 days

135 days

0days
0days
0days
79 wks
8wks
40 days
17 wks
85 days
49.8wks
25 days
49 days
17 days
66 days
20 days
1day
1day
21days
50 days
48.4wks

199 days

199 days

199 days

199 days

199 days
43 days

1day
59 days
15 days
1day
53.6 wks
1day
90 days

119 days

26.2 wks
86 days
45 days

238 wks
91 days
28 days

1day
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ID__|Task Name Duration
1667 DRCU QM2 1&T s8days
1668

25/

18/d—




