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3. Scope of the document

This document describes the development plan of the FIRST/SPIRE Beam Steering Mirror mechanism subsystem.

The development plan is based on the applicable documents cited in paragraph 4.1.

4. Documents

4.1 Applicable documents


Title
Author
Reference
Date

AD1
SPIRE Beam Steering Mirror Mechanism Subsystem Specification
D.Henry
???
??? May 2000

AD2
SPIRE Development plan
K.King
To be written








4.2 Reference documents


Title
Author
Reference
Date

RD1
Instrument Requirements Document
B.M.Swinyard
SPIRE-RAL-PRJ-000034 Iss .30
May 2000

RD2
Instrument Development Plan
K.King
SPIRE WE Review viewgraphs
6 Dec 1999

RD3
Proposal for Beam Steering Mirror
R.Sidey



RD4
System Level Crticality
B.M.Swinyard
??
??

4.3 Glossary

AD
Applicable Document
MAC
Multi-Axis Controller

CEA
Commissariat à l' Energie Atomique
MCE
Mechanism Control Electronics

CDR
Critical Design Review
MGSE
Mechanical Ground Support Equipment

CNES
Centre National des Etudes Spatiales
MPIA
Max Planck Institute for Astronomy

CoG
Center of Gravity
MSSL
Mullard Space Science Laboratory

CQM
Cryogenic Qualification Model
NA
Not Applicable

DDR
Detailed Design Review
OGSE
Optical Ground Support Equipment

DESPA
Département des Etudes SPAtiales
PFM
ProtoFlight Model

DM
Development Model
RAL
Rutherford Appleton Laboratory

DRCU
Digital Read‑out and Control Unit
RD
Reference Document

EGSE
Electrical Ground Support Equipment
BSM
Beam Steering Mirror

FIRST
Far InfraRed Space Telescope
UK ATC
United Kingdom Astronomy Technology Centre

FPU
Focal Plane Unit
BSM
Beam Steering Mirror

FS
Flight Spare model
SPIRE
Spectral and Photometric Imaging REceiver

LAM
Laboratoire d'Astrophysique de Marseille
TBC
To Be Confirmed

FTS
Fourier Transform Spectrometer
TBD
To Be Defined



WE
Warm Electronics

5. Description of the Beam Steering mirror mechanism subsystem 

The Beam Steering Mirror mechanism subsystem (BSM) is a major part of the SPIRE Instrument. It is used to steer the beam of the telescope on the photometer and spectrometer arrays in 2 orthogonal directions, for purposes of fully sampling the image, fine-pointing and signal modulation. 

The BSM comprises 4 main deliverables :

The cryogenic mechanism (BSMm). 

The structural interface (BSMs). 
The warm electronics (BSMe)

Mass dummies as required for SPIRE system level integration, (BSMd)

However, for the purposes of the development plan it is assumed that the BSMs and BSMm will be integrated prior to delivery outside of ATC. Indeed, the actual structural interface may be integral to the BSMm housing, or attached as a distinct entity (TBD). The position of the BSMm & BSMs are indicated in Figure 1.

Beam Steering Mirror Mechanism (BSMm), on Structural Interface (BSMs)
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Figure 1: Photometer Layout
Similarly, mass dummies are referred to only as necessary, and not otherwise discussed separately.

5.1 The Cryogenic Mechanism (BSMm )

The BSMm comprises a mirror of nominal diameter 30mm, mounted so as to pivot on two axes to provide chop and jiggle motion. Each axis houses a rare-earth (eg Cobalt-Samarium) magnet moving pole piece and is driven by a motor coil fixed to the mechanism housing/structure. Lucas flex-pivots, or equivalent, provide low friction motion and a small restoring torque. 
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Figure 2: View on underside of mirror - Chop stage grey,  jiggle stage green, motors and sensors blue

The chop and jiggle stages are shown in Figure 1. The chop stage is monolithic with the mirror machined integrally. The underside of the mirror is light-weighted and has pockets for the iron plates for the magneto-resistive position sensors. The chop direction is along the long axis of the array (the spacecraft y-axis).  A 2mm diameter (TBC) hole in the centre provides an optical path for the calibrator mounted behind the BSMm

The jiggle stage is in the form of a split frame split and clamps together around the flex pivots. To balance the jiggle stage the framework in the opposite corner to the coils has been made solid. This also increases the stiffness of the structure. Both stages are designed to be stiff, so that the first resonant frequencies are high enough that the system modelling can regard them as rigid bodies.

Space envelopes for the coils and sensors are shown in blue. There are four coils for each of the two motors.  (The outer rings of the flex-pivots, and the housing are not shown for clarity.) Position sensors for the chop axis are mounted on the jiggle stage, which means flexible cable connections are required, unlike the jiggle stage position sensors, which mount directly on the non-moving housing.

5.2 Alternative design

We are developing an alternative design, under subcontract to CDL Systems Ltd, in order to provide an alternative should we meet severe difficulties during development, particularly with the flex pivots or position sensors. For a detailed description, see RD3. We will develop and test a prototype of this design in parallel with the flex-pivot design, and plan to have prototypes of both options available before detailed design review.

[image: image9.png]


Figure 3: Alternative 3 axis mechanism

An overall assembly of the proposed two axis pointing mechanism for the SPIRE beam steering subsystem is shown in Figure 1 Based around a system of short stroke positioning actuators, the mechanism achieves two-axis control of mirror tilt by applying direct linear drive to three equispaced driving points located at the edges of the mirror. To avoid overconstraint in the system, the linear drive is applied via a system of ball joints, these featuring a preload arrangement to ensure rigid or positive contact between the drives units and the mirror mounting plate. For the arrangement shown in Figure 1, rotation about the vertical axis is achieved by applying complementary displacements to the lower pair of actuators B C, with actuator A stationary.

For rotation about the normal axis, actuators B C are fed with the same driving function and actuator A with the complement. In this case, however, the relative amplitudes of the complementary driving functions are scaled to compensate for the difference in the vertical distances of the driving points from the centre of rotation.

The stationary winding assemblies of the linear drive units are housed within an actuator block assembly, this forming the mounting base for the subsystem. An arrangement of doubly built-in cantilever flexures is configured on both faces of the actuator block, this providing a smooth friction-free suspension for the moving magnet assemblies of the linear actuators. Rotation of the moving ends of each suspension is prevented by linking the front and rear flexure clamping plates with spacer rods. The flexure suspensions on each face of the actuator block are configured from a single sheet of photo-etched stainless spring steel. This form of construction conveniently provides both accurate profiles for the cantilevers and precise location for the actuator moving part within the actuator block and hence the winding assemblies.

As a result of the out of plane deflection of the suspension flexures, a small radial inward component of movement is superimposed on the axial displacement of the linear drive assemblies. To accommodate this translation and the required two-degree of freedom rotational movement of the mirror, the driving assemblies are coupled to the mirror by means of a system of ball cup or pivot joints. As mentioned above, these joints are preloaded to ensure that there is no lost motion. In the proposed design, a symmetrical dual cup joint is proposed where the radius of curvature of the bearing seating surfaces is slightly larger than that of the ball. This allows the joint to accommodate the small radial movements introduced by the cantilever suspension and gives a useful relaxation of mating tolerances where they do not contribute to the pointing performance of the assembly. It ensures that small lateral movements are accommodated by rolling contact within the joints. Preload of the ball joints is achieved by means of tension springs attached to the mirror and to the actuator driving plate, that is, across the joint. It is proposed to employ Sapphire or Tungsten Carbide ball and cup joints. The combination afforded by these materials of extreme hardness and the ability to sustain a very high surface finish, will give the joints resistance to wear and negligible rolling friction.

An important feature of this alternative tilting plate design of pointing head is the SLP (Servo Linear Positioner) technology proposed for the three linear actuator units. This technology combines the functions of linear thrust motor and position sensor in one integrated assembly, with the particular advantage that only a single system of windings is used.

Based around a moving magnet design, both the moving part and the system of windings are entirely symmetrical, this resulting in a rugged, compact and stable assembly. Position is derived by sensing the displacement of both pole pieces of the moving part relative to the windings. This produces incremental inductance changes in all four of the winding elements. The windings are interconnected to sum incremental increases and decreases in inductance to yield a differential half-bridge sensor. This is energised by anti-phase ac drive voltages which, for equal amplitude functions, yields a signal at the centre junction of the windings proportional in sign and magnitude to the shift of the moving assembly from centre position.

The thrust motor function is preserved in this winding partition by ensuring in the interconnection that the through current flow gives rise to the same direction of reaction force on all windings.

5.3 The Warm Electronics (BSMe)
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We describe the warm electronics for the primary BSM design. Clearly, the back-up design would differ in that it has three axes to control, and the position sensors are AC excited LVDT coils, which require synchronous demodulation.

Figure 4: BSM Control : Parallel Redundant Option
The BSMe provides analogue signals for motor power and position control. The warm electronics (WE) are integrated with the digital controller (MAC) and spectrometer electronics (SMECe) to form the MCE (mechanism Control Electronics).  A cable harness connects to the cold electronics, and also provides provision for the connectors through to thermometers. This cable harness is also used to serve the photometer calibration source.

The BSM & SMEC architecture have a consistent design philosophy regarding parallel redundancy. The main BSM analogue electronics powers one motor, and reads out from one position sensor, on each BSMm axis. The other part of the electronics (which may be a separate board) and associated motors and sensors is cold redundant. 

This architecture is adopted, as the alternative of attempting to power all components from either of the MAC boards would imply additional switching to ensure that only one MAC board provides instruction and power. This switching is undesirable for reasons of complexity, reduced reliability and the linking of the two otherwise independent DPU/MAC/SMEC sets to a common part. 

Concerns remain in that this architecture requires the ability to provide two separate pairs motor coils. This may be challenging in terms of torque delivery or manufacturing constraints. Several options exist, including 

to double wind the motor coils, which would result in reduced torque provision (nominally 50%, possibly worse) and would be more difficult to manufacture (and hence more prone to unreliability from manufacturing defects).

to use only one par of coils on each axis. This generates an unbalanced force set and would also result in a 50% torque provision. However, the mechanism remains physically balance for launch, and the single-winding design would not degrade reliability. This option is the baseline.

Further investigation is required to optimise motor design, and to quantify the torque, force and reliability issues for each option. 

The ½ BSM & ½ SMEC cards may be physically combined or separate as appropriate - depending on size and detailed layout, and the preferred solution will be selected with the agreement of ATC and LAM following detailed design. 

The baseline is that the MAC will provide power for BMS analogue board.

We have an alternative proposal which we regard as a back-up in case it proves not to  be possible to meet the specification using parallel redundant motors. Only one BSM analogue card is controlled by either the main or redundant MAC. This card has on-board logic and switching circuits to select which controller, which causes some problems in dealing with main & redundant power sources. In this case all four motor coils for each axis will be wired in series, and latching relays used to select which coils are driven. Thus a failed coil or connection is bypassed, and the system continues to operate, with lower performance. The same relays can be used for shorting coils during launch to provide damping. As on board switching is provided, it is then possible to also select which position sensors to power up, providing more flexibility than the parallel redundant solution. However, the added complexity of this solution must be accounted for in failure modes analysis. 
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Figure 5: BSMe Control : Switched rebdundancy option  (Single BSMe with switched motor windings)

6. Constraints

6.1 Development constraints

6.1.1 Technical constraints

Here we outline some of the key specifications for the BSM, for information only. The applicable specifications are in [AD1], which refers to [RD1].

The main performance specifications are:

Chop axis:

amplitude: ( 2.4(
maximum frequency: 2Hz

settling time: 25 ms

stability: 0.02( rms

Jiggle axis:

amplitude: ( 0.6(
maximum frequency: 0.5Hz

settling time: 100 ms

stability: 0.02( rms

6.1.2 System constraints

The main system technical constraints are (from RD1):

· SPIRE lifetime in orbit: 4.25 years

· SPIRE Photometer operating time in orbit: 9 months

· BSMm Operating temperature: 4K

· BSMm power: less than 4 mW average during operation

· BSMm mass = 600g including 20% margin and including mirror (goal = 500g). 

· BSMs structural interface mass = 500g (TBC) including 20% margin and including fasteners to structure 

· BSMm Space envelope = 130mm x 130mm x 60mm (TBC)

· BSMm and BSMe Level of radiation = TBD

· BSMm vibrations level = TBD at 4K

· BSMm shock level = TBD at 4K

· Cleanliness = TBD

· Transit loads = not to exceed BSMm vibration and shock loads.

· Storage = Storage in a dry Nitrogen environment for up to 5 years.

· Bake-out temperature on AIV integration = 80 (C for 48 hours

6.1.3 Development Responsibility

During its lifetime the BSM is developed as follows:

The BSMm is:

Designed under ATC responsibility. 

Manufactured under ATC responsibility.

Integrated to the BSM structural interface if required.

Qualified/accepted and calibrated under ATC responsibility, part at ATC, part at RAL (cryo vibrations). The qualification/acceptance program includes thermal cycling, warm and cold vibrations, life testing, EMI-EMC. The calibration program verifies the performance requirements.

Transported to LAM under ATC responsibility.

Integrated at LAM with the SMEC and controller under ATC responsibility

Transported to RAL under ATC responsibility

Integrated at RAL in the SPIRE FPU Structure under RAL responsibility 

The SPIRE-FPU is to undergo the project qualification/acceptance program under RAL responsibility.

The BSMe is :

Specified and designed in outline under ATC responsibility

Designed in detail under LAM responsibility

Manufactured under LAM responsibility

Integrated at CEA-SAp in the SPIRE DRCU (in SPIRE WE) under CEA-SAp responsibility.

The SPIRE-WE is to undergo the project qualification/acceptance/calibration program under CEA-SAp responsibility.

The SPIRE WE and the SPIRE FPU are integrated under RAL responsibility and undergo the project calibration program under RAL responsibility.

SPIRE is delivered to ESA under RAL responsibility.

SPIRE is integrated in the FIRST satellite under ESA responsibility.

SPIRE CQM is to undergo the ESA cryo qualification program under ESA responsibility.

SPIRE PFM is to undergo the ESA Acceptance program.

On the launch pad, before launching, the SPIRE FPU is cooled down to its operating temperature and launched. 

SPIRE FS is prepared in the event of SPIRE PFM failure.

6.1.4 Work Flow

The work flow between ATC, LAM and RAL is shown below. An important point to note is  that the BSM & SMEC mechanisms and controllers are integrated and verified to together at LAM, after initial testing of the BSM at ATC using a PC-based simulator of the controller .

Figure 6

: BSM Development Work Flow and Deliverables

6.1.5 Organisation

ATC is responsible for the BSM, i.e. BSMm and BSMe.

ATC is responsible for the control algorithms.

ATC designs the electronics of the subsystem and builds the relevant breadboards. 

LAM is responsible for building the BSMe and the digital controller.

LAM is responsible for implementing the control algorithms in the digital controller.

SAp-CEA is responsible for SPIRE DRCU inside which the BSMe is implemented.

MSSL is responsible for the structure inside which the BSMm is integrated.

6.1.6 Calendar constraints

The main SPIRE project dates are [RD2]:

PDR
26/27 Jun 2000 

DDR – Interface Review
9/10th Oct 2000

DDR – BSM & SMEC
Jan 2001 (TBC)

BSM CQM delivery to LAM
Jan 2002

BSM CQM from LAM to RAL
Mar 2002

CDR
1 Dec 2002

SPIRE CQM delivery to ESA
Apr 2003

BSM PFM delivery to SPIRE
Mar 2004

SPIRE PFM delivery to ESA
Nov 2004

BSM FS delivery to SPIRE
May 2005

SPIRE FS delivery to ESA
Dec 2005

FIRST launch
2007

6.2 Risk analysis

In this document, the risk analysis concerns only the risks which would result in this development plan not being completed to a schedule compatible with the project.

Risk
Impact
Preventive action
Note

ATC Effort constraints (mechanical, Electronic, control)
Delay in design work 

Delay in structural design
Freeze structural ICD at earliest possible date 

Recruitment at ATC.

Sub-contract 
Recruitment at ATC underway.

ISOPHOT Motor design produces insufficient torque for envisaged redundancy mode
Reduced performance

Or

Delays to allow changes to BSMe/MAC architecture
Early analysis of motor torque

LAM and ATC consider/plan to mitigate implications of late design switch

Investigate improved motor design
Collaborate with MPIA on motor optimization

Flex-Pivot life problems
Extended testing required, 

Late-stage redesign work
Prototyping

Alternate design scheme in parallel
provision for re-test & rework in plan.

Backup design scheme (CDL) in hand



Flex-Pivot strength problems (launch loads)
Launch lock required
Launch damper assumed in plan (short coils on launch) 

Contingency design of full launch lock 

Alternate design scheme in parallel
Sub-contract of an alternate rugged design is another fall back.

Sensor stability performance below specification
Problem meeting requirements
Early testing

Alternate sensors – LVDT 


LAM are also investigating an LVDT fallback. 

The CDL alternate prototype will use LVDTs

6.3 Redundancy

6.3.1 Redundancy philosophy

The system level criticality analysis (RD4) shows that the BSM is not a single point failure for all operating modes of SPIRE. As long as it fails without vignetting a significant number of detectors, and that it has sufficient internal damping to be stable to external disturbances, the instrument can be used in scan mode.

The redundancy philosophy adopted for SPIRE is to duplicate every part that would be a single point failure for the instrument, where possible. The baseline architecture for BSM redundancy is completely parallel  as shown in section 5.3. The option of one BSM analogue card which can switch out failed motor coils is a backup solution, should it not be possible to reach the performance requirements with parallel redundant motors.

The mechanism design will be such as to fail safe with the mirror in a useable attitude.

In addition to planned redundancy, the MAC will monitor motor voltage for back emf damping in open loop control – one channel per axis. This will allow a backup mode in the event of position sensor failure where at least vibration damping will be available, even if the position is open-loop.

6.3.2 Launch damper 

The baseline assumption is that a launch damper will be incorporated by shorting all motor windings. This will damp vibrations around the chop and jiggle axes. The launch latch will consist of switches across the motor coils, as for the proven ISOPHOT design. It will be made up of two identical items, mounted in series. If one fails, the other is able to free the mechanism.

6.3.3 Launch lock

If subsequent design proves it necessary to provide a physical launch latch, it would also be designed for serial operation. Additionally, design would be such that in the event of the launch latch not unlocking after launch (i.e. both latches fail), the SPIRE instrument would not be completely lost, as the latch design would be such as to fail with the mirror in a useable attitude. Scan mode would still be possible. 

7. Work description

7.1 Development and model philosophy

The model philosophy is compliant with the SPIRE project requirements and meets the ATC development needs.

7.2 Preliminary Design (Phase B)

The mechanical design is based on the ISOPHOT design, adapted to 2 axis operation by incorporating the chop axis within a gimbal frame. The mirror is manufacture integral to the chop axis.

The first resonance frequencies, structural rigidity (for control purposes) and the mass are verified by FE analysis.

The motor core design and material is optimised to minimise power consumption.

The preliminary design is presented at the Preliminary Design Review, in June 2000. The PDR freezes the technical specifications. The interfaces are frozen at the Interface Review. Design refinements internal to the BSM will continue, and will be verified by prototype. In particular, attention is focused on the system resonant modes and the life and strength performance expected of the Lucas flex-pivots.

The motor magnetic material differs from the ISOPHOT design. Modelling of the magnetic circuits is carried out by MPIA based on their experience with the PACS chopper: initial indications are that the circuit behaviour is not sensitive to material changes (the air gap dominates over the material permeability).

Two preliminary prototype mechanisms will be built to verify design assumptions 

and gain experience of motor, position sensors and flexures. 
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: Single axis prototype design
The first prototype will have only one operating axis, Performance of the position sensors will be tested statically in a jig (which may be combined with the first prototype) to verify noise, drift and accuracy. These parameters will then be used to revise the dynamic model in order to determine the control algorithm required to meet requirements, particularly positional accuracy and drift.

The second prototype will include two axes. It is intended as a ‘brassboard’ prototype i.e. will be modified in parallel with design changes to verify performance and as procured hardware becomes available. At an early stage, position sensors for the both axes will be in place to test cross-talk. 

Because of concerns regarding flex-pivot and sensor technology, a parallel prototyping exercise has been initiated to explore an alternative three axis concept which uses integrated actuators and LVDTs. This will include cryogenic and vibration testing, and is intended to improve confidence in fallback design technologies in the event of late-emerging problems with the baseline design. Details of this proposal are included in Appendix A. 

Detailed design of the analogue board which drives the motors and measures BSM angles is carried out. The interfaces with SPIRE WE are defined during this phase. Subsequently, and prototypes (bread-board) are made, which are used to drive the prototype mechanisms from PC-based controller simulators.

The Simulink model of both axes, including modelling of the mechanism, analogue electronics and controller will be delivered to LAM, where it will be integrated with the Spectrometer model to determine whether the single processor (DSP21020) can control both mechanisms, with a sensible margin on processing resources. The control loop design is verified for preliminary design by simulation. The input variables (sensor noise, flexural stiffness) are provided by bench tests or detailed modelling of components.

Following use of the two axis prototype at the ATC to verify design assumptions, it will be delivered to LAM to test the controller with actual hardware. In the event of delays in ATC testing, a second copy of the prototype will be manufactured and released to LAM. If ATC testing is in advance of schedule, the Development Model will be provided to LAM

7.2.1 Procurement of long lead-time cryogenic components

Once the preliminary design has been validated by the PDR, and further refined internally, the procurement for long delay components is initiated. These components include actuators, position sensors, flex pivots, cryogenic connectors, to be mounted on the BSMm CQM, PFM and FS. 

7.3 Detailed design and CQM manufacture (Phase C/D)

The detailed design encompasses all the functions of the subsystem. The design is verified by more detailed modelling where necessary.

ATC provide detailed operational modes and control algorithm, including all processing steps,  to enable a draft of the MAC DSP software to be written.

Before the DDR, a launch latch mechanism (if design proves it to be necessary) mock-up is built to prove by tests that the design is flyable. The tests are warm vibrations, thermal cycles and operation at cryogenic temperature.

The detailed design is presented at the Detailed Design Review (mid October 2000). The DDR must have happened before CQM manufacture can begin. The typical tests are now frozen.

To verify the design, a complete qualification and life tests are to be conducted.

Two models are necessary because the life tests last 6 months and would lead to a delivery date too late in the planning would only one model be built.

The two models are the development model (DM) and the cryogenic qualification model (CQM). The BSM-DM is not deliverable and the BSM-CQM is deliverable. 

The DM model is used to qualify the design and conduct the life tests on the BSMm, the DM will be manufactured using fully representative hardware, engineering drawings and appropriate documentation. The DM will be subjected to full warm and cold tests at the ATC. Performance will be verified cold at the ATC using a test cryostat and measurement equipment developed for the purpose. Details of any cryogenic control parameter changes as compared to warm behaviour will be passed to LAM for incorporation in the control simulation. Subsequently, cold life tests will be performed at RAL. The development model will then be retained in the event that further prototyping is required as a result of late stage problems with the CQM or PFM.

The CQM is to be qualified but does not undergo the life tests. The DM and the CQM include all the functions of the flight design, except redundancies.

In the BSMm-DM and BSMm-CQM, the redundancies are simulated by dummy masses when necessary. The components are of flight grade as BSMm-DM is to be tested at cryogenic temperature.

In the BSMe-DM, no redundancy is implemented. Only commercial components are used in the BSMe‑DM and military grade in the BSMe-CQM (ESA's request TBC). Both models are to be used at room temperature only and not under vacuum. The BSMe-CQM is to be used as an elaborate EGSE to operate the BSMm-CQM as is SPIRE-WE CQM with respect to the SPIRE-CQM.

The design verifications by tests include:

verification of the basic mechanical parameters (Mass, stiffness, resonance frequencies) : dummies are mounted first to replace the position sensors and the motors. The resonance frequencies of the BSMm with dummies are verified by vibrations. Then, the real components are mounted.

performance verification

qualification tests 

life tests 

For the verification of the BSM, a DRCU simulator and an OGSE are to be developed. The DRCU simulator provides the DRCU/BSMe interfaces and the power supply. The OGSE is used to check optically the mirror displacement.

For the verification of the BSMe, a BSMm simulator is built which simulates the relevant BSMm parameters as seen from BSMe. 

For the verification of BSMm, the BSMm EGSE allows for control and measurement of the mechanism during tests. All the simulators and tools are needed since all subsystems are to be tested at approximately the same time.

Final CQM tests of both BSMm and SMEC mechanisms will be performed at 20K at LAM then, following integration of SPIRE hardware at RAL , tested at 4K.

Two CQM BSMe boards are required, MQ1 for Mechanism Qualification, MQ2 for Warm Electronics Qualification.

After the BSM-CQM delivery, the SPIRE CQM is tested at project level.

The results of the qualification tests are to be presented at the SPIRE CDR which is the start point of the PFM and FS manufacture.

Then, the SPIRE CQM is delivered to ESA for cryogenic tests of the FIRST FPU.

7.3.1 Flight design modifications and PFM/FS manufacture

Following the BSM life tests and SPIRE CQM tests, some modifications may have to be implemented in the design. The design changes are to be implemented in the flight design and be validated using the BSM-DM.

The BSM-PFM is then manufactured and undergoes the acceptance tests and performance verification.

The BSM-FS is a duplicate of the BSM-PFM and is manufactured at the same time as the BSM-PFM. The BSM-FS undergoes the acceptance tests and performance verification after the BSM-PFM.

The BSM-FS and BSM‑FS could be the BSM-CQM and BSM-CQM refurbished to flight level. This is TBC as it depends on ESA that the back delivery of the CQM arrives on time. For the moment, it is planned to manufacture a full new BSM-FS.

7.4 Verification plan

The verification plan must be compliant with the project verification plan [AD2, RD1] and must fulfil the BSM development needs.

In the tables below,

X =
a real test is realised

A =
an analysis is conducted

NA =
Non applicable

Basic performances are controlled during environmental testing. This control is based upon the typical test, defined during phase A, and always performed following the same procedure.

300K vibrations are conducted at RAL.

Cryo vibrations are conducted at RAL. 

Vacuum cycles, soak cycles, thermal cycles (temperature >=20K) are conducted at ATC.

Lifetime tests are conducted at ATC.

EMI/EMC tests are conducted at TBD.

Microphonics tests are conducted at TBD.

Performance tests are conducted at ATC and LAM.

7.4.1 BSMm

Mechanism

Test
BSMm-DM
BSMm‑CQM
BSMm‑PFM
BSMm‑FS

Nominal and backup stiffness check
X
X
X
X

Mass measurement
X
X
X
X

CoG measurement
X




Launch latch test
X
X
X
X

Nominal and backup travel 
X
X
X
X

Consumption measurement
X
X
X
X

Vibrations 300K
X
X
X
X

Vibrations 4K
X
X
X
X

Thermal/Vacuum cycle
X
X
X
X

Lifetime
X




Radiation tolerance
A(**)
NA
A(**)
A(**)

Microphonics
X

X(***)


EMI / EMC
X
A(*)
X(*)
A(*)

(*) : EMI/EMC tests are to be conducted on the PFM only if design changes have occurred.

(**) : The radiation tolerance is verified by analysis only, taking into account the materials involved.

(***) : Microphonic tests are to be conducted on the PFM only if design changes have occurred.

7.4.2  BSMe

Mechanism

Test
BSMe-DM
BSMe‑CQM
BSMe‑PFM
BSMe‑FS

Power Consumption measurement
X
X
X
X

Vibrations 300K
NA
NA
X
X

Soak/Cycle
NA
NA
X
X

Radiation tolerance
A (**)
NA
A (**)
A (**)

Thermal Range
A
NA
X
X

Thermal stability
A
NA
X
X

EMI / EMC
A(*)
A(*)
A(*)
A(*)

(*) : EMI-EMC is verified by analysis at subsystem level and verified by tests once integrated in SPIRE WE.

(**) : The radiation tolerance is verified by analysis only, taking into account the materials and the components involved.

(***) : Lifetime duration is verified by analysis only taking into account the materials and the components involved.

7.4.3 BSM

At the beam steering mirror mechanism subsystem level, the performances are thoroughly verified. They are checked at 300K where appropriate and at operating temperature. All performance requirements set out in the BSM Specification (AD1) are confirmed in the relevant operating modes. 

In every operational mode :
BSM-DM
BSM-CQM
BSM-PFM
BSM-FS

Travel range
X
X
X
X

Settling time
X
X
X
X

Minimum step increment
X
X
X
X

Stability
X
X
X
X

Repeatability
X
X
X
X

Power consumption
X
X
X
X

7.5 Ground associated equipment

The ground equipments are used to develop and test one item without the presence of the others.

Only the equipment needed for BSM development are listed.

The simulators replace one or more items. Most simulators are PC based as it is the most flexible and economical solution.

The tools are used to operate, check or integrate an item.

7.5.1 Simulators

Simulator
Used for…
Functions

DRCU Simulator
…the control and monitoring of the BSMe during tests and commissioning
Replaces DRCU

Receives position data, synchro signals and temperature signals.

Simulates Interfaces: Serial, Parallel, Analogue and Synch. Bus

Supplies power
Sends commands.

BSMm Simulator
…BSMe development and testing

and (enables programming of 21020 Evolution Board)
…post DRCU / BSMe integration testing.
Replaces BSMm

Receives actuator current values.

Simulates the main parameters of the real BSMm : resonance frequencies, stiffness, noises.

Delivers simulated position sensor signals and noise

7.5.2 Tools

Tool
Used for …
Functions

BSMm EGSE
… BSMm development and testing


Replaces BSMe.

Receives commands : travel range, speed value.

Is able to control and monitor BSMm 

Sends actuator current analogue values, powers the temperature sensors and the optical encoder

Receives and processes temperature, actuator current, and position measurements.

BSMm Optical Test Set
…mirror kinematic checking

and

…mirror alignment with respect to BSMm base plate
Measures travel range, mirror position, mirror displacement around travel axis, rise time.



BSMm OGSE
…BSMm alignment in SPIRE structure
Allows BSMm position control and adjustment inside SPIRE structure.

It is a dummy mirror fixed in a replication of the BSM structure

BSMm MGSE
…BSMm Integration in the SPIRE structure or in any test equipment
Allows BSMm handling during its integration in a structure.

8. Development calendar

Detailed design

Apr - Sep 2000

DM & CQM 
Manufacture
Sep 2000 - Jan 2001

DM 
Qualification, Calibration
Feb - Jun 2001

DM
Life tests 
Aug 2001 - Mar 2002

CQM
Modify, qualification & calibration
Aug - Dec 2001

CQM delivery
to RAL, CEA, MSSL
Jan 2002

PFM & FS
Manufacture
Jan 2002 -Jun 2003

PFM
Acceptance & calibration
Jun - Dec 2003

PFM delivery
to RAL, CEA, MSSL
Dec 2003

FS
Acceptance & calibration
Dec 2003 - May 2004

FS delivery
to RAL, CEA, MSSL
May 2004

Detailed planning in file BSM_devplan.mpp

9. Description of deliverables

9.1 Deliverable models

9.1.1 BSMe models

The FTS warm electronics cards are delivered to CEA.

Model 
Flight representativity
Difference from flight
Deliverables

CQM
Dimensions, interface, functions
No redundancy (unless we have the non-parallel redundant option, which would need to be tested), military components (TBC)
1

PFM
100%
None
1

FS
100%
None
1

9.1.2 BSMm models

The BSMm models are delivered to RAL

Model
Flight representativity
Difference with flight
Deliverables

CQM
100%
No functional redundancy (unless non-parallel redundant option), only mass dummies.
1

PFM
100%
None
1

FS
100%
None
1

9.2 Associated equipment

The associated equipment is for integration and alignment.

Model
Use/Function
Associated with
Deliverable

BSMe SIM
Simulates the BSMe as seen from SPIRE WE
Any SPIRE WE model
1 to CEA 

BSMm SIM
Simulates the electrical interfaces of the BSMm during WE integration
Any deliverable BSMe
1 to CEA

BSMm EGSE
BSMm control and monitor during integration and before and after transportation
Any deliverable BSMm 
1 to RAL

BSMm MGSE
BSMm integration in the SPIRE Structure
Any deliverable BSMm
3 to RAL (1 with the CQM, 1 with the PFM, 1 with the FS)

BSMm OGSE
BSMm alignment after integration in SPIRE structure
Any deliverable BSMm
1 to MSSL

9.3 Associated documentation

The documentation is TBD.
56.0mm





32.8mm





64.0mm





41.0mm





� EMBED Visio.Drawing.5  ���





Distribution List :





SPIRE�Project�
Ken J. King�
�
�
�
Bruce M. Swinyard�
�
�
�
Matt Griffin�
�
�
UK ATC�
Colin Cunningham�
�
�
�
Gillian Wright�
�
�
�
Ian Pain�
�
�
�
David Henry�
�
�
�
Martin Fisher�
�
�
�
Richard Bennett�
�
�
�
�
�
�
LAM�
Didier Ferrand�
�
�
�
Dominique Pouliquen�
�
�
�
Patrick Lavacher�
�
�
�
�
�
�






� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





UK Astronomy Technology Centre PPARC, Royal Observatory Edinburgh


Tél : (44) +131 668 8100 - Fax : (44) +131 662 1654








Date�
Index�
Remarks�
�
13 Mar 2000�
0.1�
Creation of the document�
�
19 May 2000�
0.2�
Revision of the document prior to PDR (draft version)�
�
13 June 2000�
1.0�
PDR release�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�






Host system�
Windows NT�
�
Word Processor�
Microsoft Word 97 sr-1�
�
File�
I:\first\document\current\bsm dev plan.doc�
�












_1021387902.vsd
Chop Axis�

 Sensor Chop Main�

 Sensor Chop
Redundant�

Drive Coils Main�

Drive Coils Redundant�

Thermometer Main�

Chop Axis Mechanism�

















DRCU�

DRCU
Command and Data Interface
(main)�

DRCU
Command and Data Interface
(redundant)�

BSM Analogue Card (redundant)

BSMe�

Jiggle Axis�

 Sensor Jiggle
Main�

 Sensor Jiggle
Redundant�

Drive Coils Main�

Drive Coils Redundant�

Thermometer Red.�

Jiggle Axis Mechanism�

MCE�

BSMm�

BSM Analogue Card (main)

BSMe�

Temperature Probe Electronics�

Digital Controller MAC 
(main)�

Digital Controller
MAC
(redundant)�

DPU
(main)�

DPU
(redundant)�


_1021449862.vsd
Chop Axis�

 Sensor Chop Main�

 Sensor Chop
Redundant�

Drive Coils �

Drive Coils�

Thermometer Main�

Chop Axis Mechanism�

















DRCU�

DRCU
Command and Data Interface
(main)�

DRCU
Command and Data Interface
(redundant)�

Jiggle Axis�

 Sensor Jiggle
Main�

 Sensor Jiggle
Redundant�

Drive Coils �

Drive Coils�

Thermometer Red.�

Jiggle Axis Mechanism�

MCE�

BSMm�

BSM Analogue Card

BSMe�

Temperature Probe Electronics�

Digital Controller MAC 
(main)�

Digital Controller
MAC
(redundant)�

DPU
(main)�

DPU
(redundant)�


_1021643796.vsd
Electro-Mech Prelim. Design �

Test set needed here and at LAM!�

Control and Electronics Detailed Design�

Model Control System & Mechanism�

ICD BSM/WE�

Build 2 DM
BSM Analog
Cards �

CQM Detailed Design & Parts Procurement �

Revised. Elec. Des. Doc.�

 Build 2 Prototype Mechanisms�

Warm & Cryo Test DM 1�

Integrate & Test  DM SMEC & BSM& Controller (Warm)�

 Build 2 DM BSM Mechanisms �

Prototype BSM Mechanism�

Warm & Cold Vibration Qual  DM 1 (RAL)�

Test  Controller with BSM Simulator�

Analog Electronic Design Doc.�

Detailed Design Review�

Build CQM BSM Analogue Bd.�

AIV & Qualification at RAL�

Build CQM BSM�

Test  Controller with BSM Prototype�

Qualify CQM BSM�

Build PFM BSM�

Build FSM BSM�

ESTEC�

AIV at RAL �

Integrate & Test  CQM SMEC & BSM& Controller (Cryo)�

AIV at RAL �

Develop dSPACE Controller �

Develop dSPACE DSP21020 Controller �

ATC Work�

Deliverables�

LAM Work�

BSM Development Work Flow V1.2
14/4/00�

Simulink Model�

Evaluate BSM with SMEC in 1 DSP�

 Lab Test Prototype �

 Build Prototype Analog Electronics�

 Build Optical Test Set & Cryostat �

MPIA Work�

 Model Magnetic Circuit�

Supply Position Sensors�

Detailed Mech Design�

Build CQM DSP Controller Bd.�

DM 2 BSM Mechanism & Analog Card�

CQM BSM Mechanism�

Life Test BSM Mechanism�

�

Qualify PFM BSM�

Integrate & Test  PFM SMEC & BSM& Controller (Cryo)�

PFM BSM Mechanism�

Qualify FSM BSM�

Integrate & Test  FSM SMEC & BSM& Controller (Cryo)�

FSM BSM Mechanism�

 Optical Test Set & Cryostat �


_1021364777.doc
[image: image1.bmp][image: image2.bmp][image: image3.bmp][image: image4.bmp][image: image5.bmp][image: image6.bmp][image: image7.bmp][image: image8.bmp][image: image9.bmp][image: image10.bmp][image: image11.bmp][image: image12.bmp][image: image13.bmp][image: image14.bmp][image: image15.bmp][image: image16.bmp][image: image17.bmp][image: image18.bmp][image: image19.bmp][image: image20.bmp][image: image21.bmp][image: image22.bmp][image: image23.bmp][image: image24.bmp][image: image25.bmp][image: image26.bmp][image: image27.bmp][image: image28.bmp][image: image29.bmp][image: image30.bmp][image: image31.bmp][image: image32.bmp][image: image33.bmp][image: image34.bmp][image: image35.bmp][image: image36.bmp][image: image37.bmp][image: image38.bmp][image: image39.bmp][image: image40.bmp][image: image41.bmp][image: image42.bmp][image: image43.bmp][image: image44.bmp][image: image45.bmp][image: image46.bmp][image: image47.bmp][image: image48.bmp][image: image49.bmp][image: image50.bmp][image: image51.bmp][image: image52.bmp][image: image53.bmp][image: image54.bmp][image: image55.bmp][image: image56.bmp][image: image57.bmp][image: image58.bmp][image: image59.bmp][image: image60.bmp][image: image61.bmp][image: image62.bmp][image: image63.bmp][image: image64.bmp][image: image65.bmp][image: image66.bmp][image: image67.bmp][image: image68.bmp][image: image69.bmp][image: image70.bmp][image: image71.bmp][image: image72.bmp][image: image73.bmp][image: image74.bmp][image: image75.bmp][image: image76.bmp][image: image77.bmp][image: image78.bmp][image: image79.bmp]

[image: image80.bmp][image: image81.bmp][image: image82.bmp][image: image83.bmp][image: image84.bmp][image: image85.bmp][image: image86.bmp][image: image87.bmp][image: image88.bmp][image: image89.bmp][image: image90.bmp][image: image91.bmp][image: image92.bmp][image: image93.bmp][image: image94.bmp][image: image95.bmp][image: image96.bmp][image: image97.bmp][image: image98.bmp][image: image99.bmp][image: image100.bmp][image: image101.bmp][image: image102.bmp][image: image103.bmp][image: image104.bmp][image: image105.bmp][image: image106.bmp][image: image107.bmp][image: image108.bmp][image: image109.bmp][image: image110.bmp][image: image111.bmp][image: image112.bmp][image: image113.bmp][image: image114.bmp][image: image115.bmp][image: image116.bmp][image: image117.bmp][image: image118.bmp][image: image119.emf][image: image120.bmp][image: image121.bmp][image: image122.bmp][image: image123.bmp][image: image124.bmp][image: image125.bmp][image: image126.bmp][image: image127.bmp][image: image128.bmp][image: image129.bmp][image: image130.bmp][image: image131.bmp][image: image132.bmp][image: image133.bmp][image: image134.bmp][image: image135.bmp][image: image136.bmp][image: image137.bmp][image: image138.bmp][image: image139.bmp][image: image140.bmp][image: image141.bmp][image: image142.bmp][image: image143.bmp][image: image144.bmp][image: image145.bmp][image: image146.bmp][image: image147.bmp][image: image148.bmp][image: image149.bmp][image: image150.bmp][image: image151.bmp][image: image152.bmp][image: image153.bmp][image: image154.bmp][image: image155.bmp][image: image156.bmp][image: image157.bmp][image: image158.bmp][image: image159.bmp][image: image160.bmp][image: image161.bmp][image: image162.bmp][image: image163.bmp][image: image164.bmp][image: image165.bmp][image: image166.bmp][image: image167.bmp][image: image168.bmp][image: image169.bmp][image: image170.bmp][image: image171.bmp][image: image172.bmp][image: image173.bmp][image: image174.bmp][image: image175.bmp][image: image176.bmp][image: image177.bmp][image: image178.bmp][image: image179.bmp][image: image180.bmp][image: image181.bmp][image: image182.bmp][image: image183.bmp][image: image184.bmp][image: image185.bmp][image: image186.bmp][image: image187.bmp][image: image188.bmp][image: image189.bmp][image: image190.bmp][image: image191.bmp][image: image192.bmp][image: image193.bmp][image: image194.bmp][image: image195.bmp][image: image196.bmp][image: image197.bmp][image: image198.bmp][image: image199.bmp][image: image200.bmp][image: image201.bmp][image: image202.bmp][image: image203.bmp][image: image204.bmp][image: image205.bmp][image: image206.bmp][image: image207.bmp][image: image208.bmp][image: image209.bmp][image: image210.bmp][image: image211.bmp][image: image212.bmp][image: image213.bmp][image: image214.bmp][image: image215.bmp][image: image216.bmp][image: image217.bmp][image: image218.bmp][image: image219.bmp][image: image220.bmp][image: image221.bmp][image: image222.bmp][image: image223.bmp][image: image224.bmp][image: image225.bmp][image: image226.bmp][image: image227.bmp][image: image228.bmp][image: image229.bmp][image: image230.bmp][image: image231.bmp][image: image232.bmp][image: image233.bmp][image: image234.bmp][image: image235.bmp][image: image236.bmp][image: image237.bmp][image: image238.bmp][image: image239.bmp][image: image240.bmp][image: image241.bmp][image: image242.bmp][image: image243.bmp][image: image244.bmp][image: image245.bmp][image: image246.bmp][image: image247.bmp][image: image248.bmp][image: image249.bmp][image: image250.bmp][image: image251.bmp][image: image252.bmp][image: image253.bmp][image: image254.bmp][image: image255.bmp][image: image256.bmp][image: image257.bmp][image: image258.bmp][image: image259.bmp][image: image260.bmp][image: image261.bmp][image: image262.bmp][image: image263.bmp][image: image264.bmp][image: image265.bmp][image: image266.bmp][image: image267.bmp][image: image268.bmp][image: image269.bmp][image: image270.bmp][image: image271.bmp][image: image272.bmp][image: image273.bmp][image: image274.bmp][image: image275.bmp][image: image276.bmp][image: image277.bmp][image: image278.bmp][image: image279.bmp][image: image280.bmp][image: image281.bmp][image: image282.bmp][image: image283.bmp][image: image284.bmp][image: image285.bmp][image: image286.bmp][image: image287.bmp][image: image288.bmp][image: image289.bmp][image: image290.bmp][image: image291.bmp][image: image292.bmp][image: image293.bmp][image: image294.bmp][image: image295.bmp][image: image296.bmp][image: image297.bmp][image: image298.bmp][image: image299.bmp][image: image300.bmp][image: image301.bmp][image: image302.bmp][image: image303.bmp][image: image304.bmp][image: image305.bmp][image: image306.bmp][image: image307.bmp][image: image308.bmp][image: image309.bmp][image: image310.bmp][image: image311.bmp][image: image312.bmp][image: image313.bmp][image: image314.bmp][image: image315.bmp][image: image316.bmp][image: image317.bmp][image: image318.bmp][image: image319.bmp][image: image320.bmp][image: image321.bmp][image: image322.bmp][image: image323.bmp][image: image324.bmp][image: image325.bmp][image: image326.bmp][image: image327.bmp][image: image328.bmp][image: image329.bmp][image: image330.bmp][image: image331.bmp][image: image332.bmp][image: image333.bmp][image: image334.bmp][image: image335.bmp][image: image336.bmp][image: image337.bmp][image: image338.bmp][image: image339.bmp][image: image340.bmp][image: image341.bmp][image: image342.bmp][image: image343.bmp][image: image344.bmp][image: image345.bmp][image: image346.bmp][image: image347.bmp][image: image348.bmp][image: image349.bmp][image: image350.bmp][image: image351.bmp][image: image352.bmp][image: image353.bmp][image: image354.bmp][image: image355.bmp][image: image356.bmp][image: image357.bmp][image: image358.bmp][image: image359.bmp][image: image360.bmp][image: image361.bmp][image: image362.bmp][image: image363.bmp][image: image364.bmp][image: image365.bmp][image: image366.bmp][image: image367.bmp][image: image368.bmp][image: image369.bmp][image: image370.bmp][image: image371.bmp][image: image372.bmp][image: image373.bmp][image: image374.bmp][image: image375.bmp][image: image376.bmp][image: image377.bmp][image: image378.bmp][image: image379.bmp][image: image380.bmp][image: image381.bmp][image: image382.bmp][image: image383.bmp][image: image384.bmp][image: image385.bmp][image: image386.bmp][image: image387.bmp][image: image388.bmp][image: image389.bmp][image: image390.bmp][image: image391.bmp][image: image392.bmp][image: image393.bmp][image: image394.bmp][image: image395.bmp][image: image396.bmp][image: image397.bmp][image: image398.bmp][image: image399.bmp][image: image400.bmp][image: image401.bmp][image: image402.bmp][image: image403.bmp][image: image404.bmp][image: image405.bmp][image: image406.bmp][image: image407.bmp][image: image408.bmp][image: image409.bmp][image: image410.bmp][image: image411.bmp][image: image412.bmp][image: image413.bmp][image: image414.bmp][image: image415.bmp][image: image416.bmp][image: image417.bmp][image: image418.bmp][image: image419.bmp][image: image420.bmp][image: image421.bmp][image: image422.bmp][image: image423.bmp][image: image424.bmp][image: image425.bmp][image: image426.bmp][image: image427.bmp][image: image428.bmp][image: image429.bmp][image: image430.bmp][image: image431.bmp][image: image432.bmp][image: image433.bmp][image: image434.bmp][image: image435.bmp][image: image436.bmp][image: image437.bmp][image: image438.bmp][image: image439.bmp][image: image440.bmp][image: image441.bmp][image: image442.bmp][image: image443.bmp][image: image444.bmp][image: image445.bmp][image: image446.bmp][image: image447.bmp][image: image448.bmp][image: image449.bmp][image: image450.bmp][image: image451.bmp][image: image452.bmp][image: image453.bmp][image: image454.bmp][image: image455.bmp][image: image456.bmp][image: image457.bmp][image: image458.bmp][image: image459.bmp][image: image460.bmp][image: image461.bmp][image: image462.bmp][image: image463.bmp][image: image464.bmp][image: image465.bmp][image: image466.bmp][image: image467.bmp][image: image468.bmp][image: image469.bmp][image: image470.bmp][image: image471.bmp][image: image472.bmp][image: image473.bmp][image: image474.bmp][image: image475.bmp][image: image476.bmp][image: image477.bmp][image: image478.bmp][image: image479.bmp][image: image480.bmp][image: image481.bmp][image: image482.bmp][image: image483.bmp][image: image484.bmp][image: image485.bmp][image: image486.bmp][image: image487.bmp][image: image488.bmp][image: image489.bmp][image: image490.bmp][image: image491.bmp][image: image492.bmp][image: image493.bmp][image: image494.bmp][image: image495.bmp][image: image496.bmp][image: image497.bmp][image: image498.bmp][image: image499.bmp][image: image500.bmp][image: image501.bmp][image: image502.bmp][image: image503.bmp][image: image504.bmp][image: image505.bmp][image: image506.bmp][image: image507.bmp][image: image508.bmp][image: image509.bmp][image: image510.bmp][image: image511.bmp][image: image512.bmp][image: image513.bmp][image: image514.bmp][image: image515.bmp][image: image516.bmp][image: image517.bmp][image: image518.bmp][image: image519.bmp][image: image520.bmp][image: image521.bmp][image: image522.bmp][image: image523.bmp][image: image524.bmp][image: image525.bmp][image: image526.bmp][image: image527.bmp][image: image528.bmp][image: image529.bmp][image: image530.bmp][image: image531.bmp][image: image532.bmp][image: image533.bmp][image: image534.bmp][image: image535.bmp][image: image536.bmp][image: image537.bmp][image: image538.bmp][image: image539.bmp][image: image540.bmp][image: image541.bmp][image: image542.bmp][image: image543.bmp][image: image544.bmp][image: image545.bmp][image: image546.bmp][image: image547.bmp][image: image548.bmp][image: image549.bmp][image: image550.bmp][image: image551.bmp][image: image552.bmp][image: image553.bmp][image: image554.bmp][image: image555.bmp][image: image556.bmp][image: image557.bmp][image: image558.bmp][image: image559.bmp][image: image560.bmp][image: image561.bmp][image: image562.bmp][image: image563.bmp][image: image564.bmp][image: image565.bmp][image: image566.bmp][image: image567.bmp][image: image568.bmp][image: image569.bmp][image: image570.bmp][image: image571.bmp][image: image572.bmp][image: image573.bmp][image: image574.bmp][image: image575.bmp][image: image576.bmp][image: image577.bmp][image: image578.bmp][image: image579.bmp][image: image580.bmp][image: image581.bmp][image: image582.bmp][image: image583.bmp][image: image584.bmp][image: image585.bmp][image: image586.bmp][image: image587.bmp][image: image588.bmp][image: image589.bmp][image: image590.bmp][image: image591.bmp][image: image592.bmp][image: image593.bmp][image: image594.bmp][image: image595.bmp][image: image596.bmp][image: image597.bmp][image: image598.bmp][image: image599.bmp][image: image600.bmp][image: image601.bmp][image: image602.bmp][image: image603.bmp][image: image604.bmp][image: image605.bmp][image: image606.bmp][image: image607.bmp][image: image608.bmp][image: image609.bmp][image: image610.bmp][image: image611.bmp][image: image612.bmp][image: image613.bmp][image: image614.bmp][image: image615.bmp][image: image616.bmp][image: image617.bmp][image: image618.bmp][image: image619.bmp][image: image620.bmp][image: image621.bmp][image: image622.bmp][image: image623.bmp][image: image624.bmp][image: image625.bmp][image: image626.bmp][image: image627.bmp][image: image628.bmp][image: image629.bmp][image: image630.bmp][image: image631.bmp][image: image632.bmp][image: image633.bmp][image: image634.bmp][image: image635.bmp][image: image636.bmp][image: image637.bmp][image: image638.bmp][image: image639.bmp][image: image640.bmp][image: image641.bmp][image: image642.bmp][image: image643.bmp][image: image644.bmp][image: image645.bmp][image: image646.bmp][image: image647.bmp][image: image648.bmp][image: image649.bmp][image: image650.bmp][image: image651.bmp][image: image652.bmp][image: image653.bmp][image: image654.bmp][image: image655.bmp][image: image656.bmp][image: image657.bmp][image: image658.bmp][image: image659.bmp][image: image660.bmp][image: image661.bmp][image: image662.bmp][image: image663.bmp][image: image664.bmp][image: image665.bmp][image: image666.bmp][image: image667.bmp][image: image668.bmp][image: image669.bmp][image: image670.bmp][image: image671.bmp][image: image672.bmp][image: image673.bmp][image: image674.bmp][image: image675.bmp][image: image676.bmp][image: image677.bmp][image: image678.bmp][image: image679.bmp][image: image680.bmp][image: image681.bmp][image: image682.bmp][image: image683.bmp][image: image684.bmp][image: image685.bmp][image: image686.bmp][image: image687.bmp][image: image688.bmp][image: image689.bmp][image: image690.bmp][image: image691.bmp][image: image692.bmp][image: image693.bmp][image: image694.bmp][image: image695.bmp][image: image696.bmp][image: image697.bmp][image: image698.bmp][image: image699.bmp][image: image700.bmp][image: image701.bmp][image: image702.bmp][image: image703.bmp][image: image704.bmp][image: image705.bmp][image: image706.bmp][image: image707.bmp][image: image708.bmp][image: image709.bmp][image: image710.bmp][image: image711.bmp][image: image712.bmp][image: image713.bmp][image: image714.bmp][image: image715.bmp][image: image716.bmp][image: image717.bmp][image: image718.bmp][image: image719.bmp][image: image720.bmp][image: image721.bmp][image: image722.bmp][image: image723.bmp][image: image724.bmp][image: image725.bmp][image: image726.bmp][image: image727.bmp][image: image728.bmp][image: image729.bmp][image: image730.bmp][image: image731.bmp][image: image732.bmp][image: image733.bmp][image: image734.bmp][image: image735.bmp][image: image736.bmp][image: image737.bmp][image: image738.bmp][image: image739.bmp][image: image740.bmp][image: image741.bmp][image: image742.bmp][image: image743.bmp][image: image744.bmp][image: image745.bmp][image: image746.bmp][image: image747.bmp][image: image748.bmp][image: image749.bmp][image: image750.bmp][image: image751.bmp][image: image752.bmp][image: image753.bmp][image: image754.bmp][image: image755.bmp][image: image756.bmp][image: image757.bmp][image: image758.bmp][image: image759.bmp][image: image760.bmp][image: image761.bmp][image: image762.bmp][image: image763.bmp][image: image764.bmp][image: image765.bmp][image: image766.bmp][image: image767.bmp][image: image768.bmp][image: image769.bmp][image: image770.bmp][image: image771.bmp][image: image772.bmp][image: image773.bmp][image: image774.bmp][image: image775.bmp][image: image776.bmp][image: image777.bmp][image: image778.bmp][image: image779.bmp][image: image780.bmp][image: image781.bmp][image: image782.bmp][image: image783.bmp][image: image784.bmp][image: image785.bmp][image: image786.bmp][image: image787.bmp][image: image788.bmp][image: image789.bmp][image: image790.bmp][image: image791.bmp][image: image792.bmp][image: image793.bmp][image: image794.bmp][image: image795.bmp][image: image796.bmp][image: image797.bmp][image: image798.bmp][image: image799.bmp][image: image800.bmp][image: image801.bmp][image: image802.bmp][image: image803.bmp][image: image804.bmp][image: image805.bmp][image: image806.bmp][image: image807.bmp][image: image808.bmp][image: image809.bmp][image: image810.bmp][image: image811.bmp][image: image812.bmp][image: image813.bmp][image: image814.bmp][image: image815.bmp][image: image816.bmp][image: image817.bmp][image: image818.bmp][image: image819.bmp][image: image820.bmp][image: image821.bmp][image: image822.bmp][image: image823.bmp][image: image824.bmp][image: image825.bmp][image: image826.bmp][image: image827.bmp][image: image828.bmp][image: image829.bmp][image: image830.bmp][image: image831.bmp][image: image832.bmp][image: image833.bmp][image: image834.bmp][image: image835.bmp][image: image836.bmp][image: image837.bmp][image: image838.bmp][image: image839.bmp][image: image840.bmp][image: image841.bmp][image: image842.bmp][image: image843.bmp][image: image844.bmp][image: image845.bmp][image: image846.bmp][image: image847.bmp][image: image848.bmp][image: image849.bmp][image: image850.bmp][image: image851.bmp][image: image852.bmp][image: image853.bmp][image: image854.bmp][image: image855.bmp][image: image856.bmp][image: image857.bmp][image: image858.bmp][image: image859.bmp][image: image860.bmp][image: image861.bmp][image: image862.bmp][image: image863.bmp][image: image864.bmp][image: image865.bmp][image: image866.bmp][image: image867.bmp][image: image868.bmp][image: image869.bmp][image: image870.bmp][image: image871.bmp][image: image872.bmp][image: image873.bmp][image: image874.bmp][image: image875.bmp][image: image876.bmp][image: image877.bmp][image: image878.bmp][image: image879.bmp][image: image880.bmp][image: image881.bmp][image: image882.bmp][image: image883.bmp][image: image884.bmp][image: image885.bmp][image: image886.bmp][image: image887.bmp][image: image888.bmp][image: image889.bmp][image: image890.bmp][image: image891.bmp][image: image892.bmp][image: image893.bmp][image: image894.bmp][image: image895.bmp][image: image896.bmp][image: image897.bmp][image: image898.bmp][image: image899.bmp][image: image900.bmp][image: image901.bmp][image: image902.bmp][image: image903.bmp][image: image904.bmp][image: image905.bmp][image: image906.bmp][image: image907.bmp][image: image908.bmp][image: image909.bmp][image: image910.bmp][image: image911.bmp][image: image912.bmp][image: image913.bmp][image: image914.bmp][image: image915.bmp][image: image916.bmp][image: image917.bmp][image: image918.bmp][image: image919.bmp][image: image920.bmp][image: image921.bmp][image: image922.bmp][image: image923.bmp][image: image924.bmp][image: image925.bmp][image: image926.bmp][image: image927.bmp][image: image928.bmp][image: image929.bmp][image: image930.bmp][image: image931.bmp][image: image932.bmp][image: image933.bmp][image: image934.bmp][image: image935.bmp][image: image936.bmp][image: image937.bmp][image: image938.bmp][image: image939.bmp][image: image940.bmp][image: image941.bmp][image: image942.bmp][image: image943.bmp][image: image944.bmp][image: image945.bmp][image: image946.bmp][image: image947.bmp][image: image948.bmp][image: image949.bmp][image: image950.bmp][image: image951.bmp][image: image952.bmp][image: image953.bmp][image: image954.bmp][image: image955.bmp][image: image956.bmp][image: image957.bmp][image: image958.bmp][image: image959.bmp][image: image960.bmp][image: image961.bmp][image: image962.bmp][image: image963.bmp][image: image964.bmp][image: image965.bmp][image: image966.bmp][image: image967.bmp][image: image968.bmp][image: image969.bmp][image: image970.bmp][image: image971.bmp][image: image972.bmp][image: image973.bmp][image: image974.bmp][image: image975.bmp][image: image976.bmp][image: image977.bmp][image: image978.bmp][image: image979.bmp][image: image980.bmp][image: image981.bmp][image: image982.bmp][image: image983.bmp][image: image984.bmp][image: image985.bmp][image: image986.bmp][image: image987.bmp][image: image988.bmp][image: image989.bmp][image: image990.bmp][image: image991.bmp][image: image992.bmp][image: image993.bmp][image: image994.bmp][image: image995.bmp][image: image996.bmp][image: image997.bmp][image: image998.bmp][image: image999.bmp][image: image1000.bmp][image: image1001.bmp][image: image1002.bmp][image: image1003.bmp][image: image1004.bmp][image: image1005.bmp][image: image1006.bmp][image: image1007.bmp][image: image1008.bmp][image: image1009.bmp][image: image1010.bmp][image: image1011.bmp][image: image1012.bmp][image: image1013.bmp][image: image1014.bmp][image: image1015.bmp][image: image1016.bmp][image: image1017.bmp][image: image1018.bmp][image: image1019.bmp][image: image1020.bmp][image: image1021.bmp][image: image1022.bmp][image: image1023.bmp][image: image1024.bmp][image: image1025.bmp][image: image1026.bmp][image: image1027.bmp][image: image1028.bmp][image: image1029.bmp][image: image1030.bmp][image: image1031.bmp][image: image1032.bmp][image: image1033.bmp][image: image1034.bmp][image: image1035.bmp][image: image1036.bmp][image: image1037.bmp][image: image1038.bmp][image: image1039.bmp][image: image1040.bmp][image: image1041.bmp][image: image1042.bmp][image: image1043.bmp][image: image1044.bmp][image: image1045.bmp][image: image1046.bmp][image: image1047.bmp][image: image1048.bmp][image: image1049.bmp][image: image1050.bmp][image: image1051.bmp][image: image1052.bmp][image: image1053.bmp][image: image1054.bmp][image: image1055.bmp][image: image1056.bmp][image: image1057.bmp][image: image1058.bmp][image: image1059.bmp][image: image1060.bmp][image: image1061.bmp][image: image1062.bmp][image: image1063.bmp][image: image1064.bmp][image: image1065.bmp][image: image1066.bmp][image: image1067.bmp][image: image1068.bmp][image: image1069.bmp][image: image1070.bmp][image: image1071.bmp][image: image1072.bmp][image: image1073.bmp][image: image1074.bmp][image: image1075.bmp][image: image1076.bmp][image: image1077.bmp][image: image1078.bmp][image: image1079.bmp][image: image1080.bmp][image: image1081.bmp][image: image1082.bmp][image: image1083.bmp][image: image1084.bmp][image: image1085.bmp][image: image1086.bmp][image: image1087.bmp][image: image1088.bmp][image: image1089.bmp][image: image1090.bmp][image: image1091.bmp][image: image1092.bmp][image: image1093.bmp][image: image1094.bmp][image: image1095.bmp][image: image1096.bmp][image: image1097.bmp][image: image1098.bmp][image: image1099.bmp][image: image1100.bmp][image: image1101.bmp][image: image1102.bmp][image: image1103.bmp][image: image1104.bmp][image: image1105.bmp][image: image1106.bmp][image: image1107.bmp][image: image1108.bmp][image: image1109.bmp][image: image1110.bmp][image: image1111.bmp][image: image1112.bmp][image: image1113.bmp][image: image1114.bmp][image: image1115.bmp][image: image1116.bmp][image: image1117.bmp][image: image1118.bmp][image: image1119.bmp][image: image1120.bmp][image: image1121.bmp][image: image1122.bmp][image: image1123.bmp][image: image1124.bmp][image: image1125.bmp][image: image1126.bmp][image: image1127.bmp][image: image1128.bmp][image: image1129.bmp][image: image1130.bmp][image: image1131.bmp][image: image1132.bmp][image: image1133.bmp][image: image1134.bmp][image: image1135.bmp][image: image1136.bmp][image: image1137.bmp][image: image1138.bmp][image: image1139.bmp][image: image1140.bmp][image: image1141.bmp][image: image1142.bmp][image: image1143.bmp][image: image1144.bmp][image: image1145.bmp][image: image1146.bmp][image: image1147.bmp][image: image1148.bmp][image: image1149.bmp][image: image1150.bmp][image: image1151.bmp][image: image1152.bmp][image: image1153.bmp][image: image1154.bmp][image: image1155.bmp][image: image1156.bmp][image: image1157.bmp][image: image1158.bmp][image: image1159.bmp][image: image1160.bmp][image: image1161.bmp][image: image1162.bmp][image: image1163.bmp][image: image1164.bmp][image: image1165.bmp][image: image1166.bmp][image: image1167.bmp][image: image1168.bmp][image: image1169.bmp][image: image1170.bmp][image: image1171.bmp][image: image1172.bmp][image: image1173.bmp][image: image1174.bmp][image: image1175.bmp][image: image1176.bmp][image: image1177.bmp][image: image1178.bmp][image: image1179.bmp][image: image1180.bmp]
