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1 Scope

This document outlines the ICD between the BSM (ATC) and the SPIRE structure (MSSL). 

2 The contents of this document are intended for incorporation in the MSSL Structure ICD document, AD4

2.1 Documents

2.2 Applicable documents


Title
Author
Reference
Date

AD2
BSM ICD drawing
I.Pain
ATC drawing number:  SPIRE-BSM-021-002-001
15.Jun.01

AD3
Structure ICD drawing
MSSL
MSSL drawing number: A2/5264/907 issue 6


AD4
ICD Structure - Mechanical I/F
B.Winter
MSSL/SPIRE/SP004.11 (formerly SPIRE-MSS-PRJ-00617) 
29.Nov.01

AD5
SPIRE Harness Definition
D.K.Griffin
SPIRE-RAL-PRJ-000608 v0.3
30.May.01

AD6
TBD (harness run mechanical details)
B.Winter
TBD

2.3 
2.4 Reference documents


Title
Author
Reference
Date

RD 1
Thermal Configuration Control Document
S.Heys
SPIRE-RAL-PRJ-000560
18.Apr.01


















3 
4 Functional Description and Block Diagram

See BSM Design Description, section 5, 6 for the functional description and general block diagram. The specific ICD block diagram is shown below. 

The BSM interfaces directly to the SPIRE Optical Bench and the optical beam. Four elements of the BSM are of relevance to this ICD. 

· The baseplate provides location and a thermal path. 

· The structural interface locates the BSM mechanism in place. 

· The mechanism comprises a nested gimbal mount with a jiggle and chop axis. The mirror is integral to the chop axis.

The Photometer Calibrator (PCAL) has a direct interface to the back of the BSM structural interface, and the PCAL wiring is carried via the BSM cryo-harness. 

Thermometers are carried on board the BSM structure, and whilst these will be of use in diagnosis of the BSM thermal condition the thermometry wiring harness is not directly available to the BSM warm electronics. 

The baffle mounts to the BSM structure, its features with respect to the optical beam 
have been fully defined in discussions with RAL (Tony Richards).
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5 Figure 1 : BSM-STRUCTURE ICD BLOCK DIAGRAM

6 Inputs

6.1 The BSM receives input vibrations from the structure, at a high level during launch and at a low level during operation (spacecraft micro vibration environment). There is a feedback between the BSM and the structure due to the vibration response of the BSM. 

6.2 Resonance 

The principal resonant modes of the structure and the two suspended masses are presented below. A full analysis of the combined system is to be completed.
The BSM structural interface forms a stiff body. The first twelve structural modes were determined approximately by finite element analysis. A more detailed assembly resonance FEA is underway, and updates to this table will follow in Mar.02
FEA prediction for Response of structural interface

Approximate assembly response

(see scale factor)

Mode
Frequency (Hz)
Frequency (Hz)

1
688
433

2
864
544

3
1781
1121

4
2715
1710

5
3058
1926

6
3284
2068

7
3345
2106

8
3614
2276

9
3957
2492

10
4097
2579

11
4677
2945

12
5185
3265













6.3 Table 1: Structural Interface Principal Modes

6.4 Scale factor explanatory note
Pending a full resonant modes analysis, we may note that since the stiffness of the structural interface design remains unchanged, the assembly natural frequency scales as:

fn = 
√ (k/m)  

   2 п

hence, fn(assy)/ fn(struct)  =  √( m struct/ m assy)

6.5 The mass of the structure used for the FEA modes search was calculated at 291gm, and the full assembly mass (excluding contingency, the baseplate and fasteners below the structure base) is predicted at 734 gm . This yielded the scaling factor of ~ 0.63, used in Table 1Table . 

6.6 Assumptions

· As the structural response remains above 250 Hz it may be assumed to be stiff for subsequent analysis of the SPIRE structure. The actual combined system modes will differ from those presented, due to contributory effects from:

· the effect of bolted joints, 

· the contribution of point masses mounted to the structure as distinct from the distributed structural mass

6.7 the resonances of components mounted to it (particularly the baffle, launch lock and motor mounts)

6.8 Suspended Masses

The BSM suspended masses have first natural frequencies approximately as follow (updated 14.Jan.02 to add latest mass/MoI data and cold stiffness):
Axis
Mode
Spring Stiffness 

(N-m/rad or N/m) - WARM
Spring Stiffness 

(N-m/rad or N/m)  - COLD
Inertia (kgm^2)
Mass of suspended part (grammes)
1st Resonant frequency (Hz) - warm
1st Resonant frequency (Hz) - cold

Chop
Torsional
0.05875
0.062275
2.68E-06

23.6
24.3


Radial Orthogonal
1225887.6
1299440.856

20.59
1228.1
1264.4


Radial 45 degrees
875634
928172.04

20.59
1037.9
1068.6


Axial
1751268
1856344.08

20.59
1467.8
1511.2

Jiggle
Torsional
0.4625
0.49025
4.79E-05

15.6
16.1


Radial Orthogonal
2101521.6
2227612.896

96
744.6
766.7


Radial 45 degrees
1576141.2
1670709.672

96
644.9
663.9


Axial
3152282.4
3341419.344

96
912.0
939.0

Table 2 : Suspended Mass Principal Modes

The radial orthogonal rate is where the load is z-x plane or in the plane formed by the optical bench y axis and the BSM gut ray. 

The 45 degree radial rate is where the load is applied in line with the plane of a flexure (oriented at 45 degrees to the orthogonal planes).
7 These values assume the baseline Lucas TRW stainless steel brazed flex pivots. If a change is made to C-Flex CuBe brazed pivots the spring stiffnesses wouldl change  slightly (TBC) : chop axis to 0.90x the values above, jiggle axis to 1.08x the values above:  

8 Outputs

The BSM will output a vibration to the Optical Bench during chopping and jiggling.  The primary output will be at the chop and jiggle frequencies : 2 Hz and 0.5 Hz respectively, with harmonics TBD. Local TBD resonances of the BSM (eg of the baffle) may modify the harmonics.

Neglecting harmonics and any structural amplification (which should be small anyway, as the structure is stiff) the output forces take the form of a torque reaction in the structure in response to the acceleration of the mirror and jiggle frame  in chop and jiggle.

An approximation to this torque reaction may be made by taking the inertia of the moving masses, and an average acceleration over the specified rise time. 

BSM reaction loads summary table 
Chop (*)
Jiggle (**)
8.1.1.1.1 Units

Torque reaction about chop axis (average)
11.25E-06
0
Nm

Torque reaction about jiggle axis (average)
0
10.03E-06
Nm

reaction force at hole at (242.57, 117.2, 526.863)
10.65-05
1.47E-04
N 

reaction force at hole at (351.861, 117.2, 521.426)
-5.32E-05
3.81E-05
N 

reaction force at hole at (334.299,117.2, 467.198)
-5.32E-05
3.81E-05
N 

* Chop reaction forces in optical bench y-axis

** Jiggle reaction forces in optical bench z-x plane (normal to BSM jiggle axis)

Table 3: BSM Reaction Loads

Strictly, these forces are in matched pairs with no net effect. Thus an equivalent 'micro-g’ output cannot be attributed to the BSM, i.e., a 'micro-g'  input is only resolved at the interface  between the optical bench and another supported system.

9  As a working figure, at a BSM mass of 0.64kg, the 'g' loading required to provide this type of force input combining the chop and jiggle loads gives a nominal acceleration at the front hole of 3.96E-04 m/s², i.e. an  'equivalent g loading' of  40.3 micro-g. In reality, the relevant mass is that of the whole structure, which is an order of magnitude more massive than the BSM, this accelerations attributable to the BSM will be below 4 micro-g.

· Interface drawing


· MSSL drawing: A2/5264/907

· ATC drawing: SPIRE-BSM-021-002-001, 4 sheets attached below (CAD files sent separately)
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10 Mass Properties





DENSITY

(kg/mm^3)
COMPONENT MASS (kg)

ASSY. MASS (kg)
CONTINGENCY (%)
CONTINGENT MASS (kg)
MASS INCL CONTINGENCY

Part Number
DESCRIPTION
MATERIAL:


QNTY





37WAY_CONN
37 WAY MDM CONNECTOR
CONNECTOR
2.10E-06
0.0063
2
0.0125
10%
0.0013
0.0138

ATC-BRG-FLEX-001
FLEX PIVOT TYPE 5010-600 OR -800
STAINLESS-STEEL
7.91E-06
0.0020
4
0.0081
10%
0.0008
0.0089

CAP-HD-SCREW-SS-M2-5X12
CAP-HD-SCREW-SS-M2-5X12
STAINLESS-STEEL
7.91E-06
0.0007
4
0.0029
10%
0.0003
0.0032

CAP-HD-SCREW-SS-M2-5X21_8
CAP-HD-SCREW-SS-M2-5X21_8
STAINLESS-STEEL
7.91E-06
0.0011
4
0.0045
10%
0.0004
0.0049

CAP-HD-SCREW-SS-M2-5X24
CAP-HD-SCREW-SS-M2-5X24
STAINLESS-STEEL
7.91E-06
0.0012
4
0.0048
10%
0.0005
0.0053

CAP-HD-SCREW-SS-M2-5X6
CAP-HD-SCREW-SS-M2-5X6
STAINLESS-STEEL
7.91E-06
0.0005
10
0.0050
10%
0.0005
0.0055

CAP-HD-SCREW-SS-M2-5X7
CAP-HD-SCREW-SS-M2-5X7
STAINLESS-STEEL
7.91E-06
0.0005
17
0.0092
10%
0.0009
0.0101

CAP-HD-SCREW-SS-M2-5X7_75
CAP-HD-SCREW-SS-M2-5X7_75
STAINLESS-STEEL
7.91E-06
0.0006
10
0.0057
10%
0.0006
0.0063

CAP-HD-SCREW-SS-M2X10
CAP-HD-SCREW-SS-M2X10
STAINLESS-STEEL
7.91E-06
0.0004
4
0.0016
10%
0.0002
0.0018

CAP-HD-SCREW-SS-M4X10
CAP-HD-SCREW-SS-M4X10
STAINLESS-STEEL
7.91E-06
0.0020
3
0.0061
10%
0.0006
0.0067

CSK-HD-SCREW-SS-M2-5X5
CSK-HD-SCREW-SS-M2-5X5
STAINLESS_STEEL
7.91E-06
0.0002
6
0.0014
10%
0.0001
0.0016

CX-1030-CU
CERNOX-THERMISTOR-1030
COPPER-CANISTER
8.90E-06
0.0013
2
0.0025
10%
0.0003
0.0028

DISC-SPRING-ID-3_2
DISC SPRING
STAINLESS-STEEL
7.91E-06
0.0000
12
0.0006
10%
0.0001
0.0006

DOWEL_8X2
DOWEL_8X2
AL_TO_BS_1470_6082
7.91E-06
0.0002
6
0.0012
10%
0.0001
0.0013

SPIRE-BSM-020-001-001
BSM STRUCTURAL INTERFACE
AL_TO_BS_1470_6082
2.71E-06
0.0307
1
0.0307
10%
0.0031
0.0338

SPIRE-BSM-020-001-002
BASEPLATE
AL_TO_BS_1470_6082
2.71E-06
0.0838
1
0.0838
10%
0.0084
0.0922

SPIRE-BSM-020-001-003
JIGGLE AXIS FLEX CLAMP (L)
AL_TO_BS_1470_6082
2.71E-06
0.0026
1
0.0026
10%
0.0003
0.0028

SPIRE-BSM-020-001-004
PCAL SPACE ENVELOPE
PCAL
6.00E-06
0.0300
1
0.0300
25%
0.0075
0.0375

SPIRE-BSM-020-001-005
JIGGLE AXIS FLEX CLAMP (U)
AL_TO_BS_1470_6082
2.71E-06
0.0023
1
0.0023
10%
0.0002
0.0025

SPIRE-BSM-020-001-007
LAUNCH LATCH (ENVELOPE)
SOLENOID
7.00E-06
0.0509
1
0.0509
50%
0.0254
0.0763

SPIRE-BSM-020-001-009
FRONT BAFFLE
AL_TO_BS_1470_6082
2.71E-06
0.0280
1
0.0280
25%
0.0070
0.0350

SPIRE-BSM-020-003-001
JIGGLE FRAME BOTTOM
AL_TO_BS_1470_6082
2.71E-06
0.0258
1
0.0258
10%
0.0026
0.0283

SPIRE-BSM-020-003-002
JIGGLE FRAME TOP
AL_TO_BS_1470_6082
2.71E-06
0.0211
1
0.0211
10%
0.0021
0.0232

SPIRE-BSM-020-003-003
PACS SLIM MAGNET
VACODYM-344
1.46E-05
0.0023
4
0.0092
10%
0.0009
0.0101

SPIRE-BSM-020-004-001
CHOP STAGE
AL_TO_BS_1470_6082
2.71E-06
0.0121
1
0.0121
10%
0.0012
0.0133

SPIRE-BSM-020-004-004
SENSOR ACTUATOR
CRYOPERM_10
8.30E-06
0.0001
4
0.0006
10%
0.0001
0.0007

SPIRE-BSM-020-005-001
COIL BRACKET
AL_TO_BS_1470_6082
2.71E-06
0.0047
4
0.0190
10%
0.0019
0.0209

SPIRE-BSM-020-005-002
COIL RETAINER
TUFNOL-G10-40
1.80E-09
0.0000
4
0.0000
10%
0.0000
0.0000

SPIRE-BSM-020-005-003
COIL
AL_TO_BS_1470_6082
2.71E-06
0.0040
8
0.0317
10%
0.0032
0.0348

SPIRE-BSM-020-005-005
HEAT SHIELD
AL_TO_BS_1470_6082
2.71E-06
0.0012
4
0.0046
10%
0.0005
0.0051

SPIRE-BSM-020-006-002
SENSOR
AL_TO_BS_1470_6082
2.71E-06
0.0002
4
0.0008
10%
0.0001
0.0009

SPIRE-BSM-020-007-001
SENSOR HOUSING
G10
1.69E-06
0.0011
4
0.0044
10%
0.0004
0.0049

SPIRE-BSM-020-008-001
FLEX PIVOT PROTECTIVE SHIELD
STEEL_TO_BS_970_420S29
7.73E-06
0.0012
4
0.0046
15%
0.0007
0.0053

SPIRE-BSM-020-009
WIRING ROUTING (PRIME)
HARNESS ASSY

0.0233
1
0.0233
50%
0.0117
0.0350

SPIRE-BSM-020-009-010
WIRING ROUTING (REDUNDANT)
HARNESS ASSY

0.0233
1
0.0233
50%
0.0117
0.0350

TERMINAL_PIN_571-4015
TERMINAL PIN
AL_TO_BS_1470_6082
2.71E-06
0.0001
16
0.0012
10%
0.0001
0.0013

UN-MODELLED PARTS(approx mass only)
ADHESIVE
ADHESIVE
2.00E-06
0.0010
10
0.0100
10%
0.0010
0.0110


P-CLIPS
BRASS (TBC)
8.45E-06
0.0003
16
0.0055
10%
0.0006
0.0061


P-CLIP FASTENERS
STAINLESS-STEEL
7.91E-06
0.0005
16
0.0080
10%
0.0008
0.0088


MDM FASTENERS
STAINLESS-STEEL
7.91E-06
0.0005
4
0.0022
10%
0.0002
0.0024


LOCKING INSERTS
STAINLESS-STEEL
7.91E-06
0.0003
57
0.0171
20%
0.0034
0.0205


COATING
Nickel (10um) & Gold (3 um)
1.13E-05
0.0159
1
0.0159
15%
0.0024
0.0183


PAINT
DELETED
3.00E-06
0.0130
0
0.0000
0%
0.0000
0.0000


LACING
DACRON LACING TAPE
1.50E-06
0.0020
2
0.0040
15%
0.0006
0.0046

SPIRE OPTICAL BENCH
CRYO-HARNESS
ESA/SCC-3901/013 types 21& 46

0.0753
2
0.1506
15%
0.0226
0.1731


MOUNT BENCH SHOULDER BOLTS
MSSL SUPPLY
7.91E-06
-0.0020
3
-0.0061
10%
-0.0006
-0.0067


HARNESS 'PLATES' & BOLTS (tbc)
MSSL SUPPLY
0.00E+00
0.0000
2
0.0000
0%
0.0000
0.0000






TOTAL
0.6835
TOTAL CONTINGENCY
0.1265







TOTAL INCLUDING CONTINGENCY



0.8100


shaded component mass indicate value is TBC



BSM  only
0.5390

0.1045
0.6435

10.1.1 Table 4: BSM Mass Breakdown


10.1.2 Assembly Inertia Properties : SPIRE-BSM-020-001

The analysis below is performed on the BSM assembly model. However, it neglects the un-modelled components discussed in Table 4Table  above.

MODEL : SPIRE-BSM-020-001



RELEASED FOR DM 18.DEC.01


3 OFF SHOULDER BOLTS TO OPTICAL BENCH INCLUDED, CRYOHARNESS EXCLUDED













VOLUME

=
2.38E+05
mm^3


SURFACE AREA

=
2.17E+05
mm^2


AVERAGE DENSITY

=
3.08E-06
KILOGRAM/mm^3


MASS

=
7.33E-01
KILOGRAM









CENTER OF GRAVITY with respect to _SPIRE-BSM-020-001 coordinate frame:






X
Y
Z
-5.23E+01
7.05E-01
-1.72E+01








INERTIA with respect to _SPIRE-BSM-020-001 coordinate frame:  (KILOGRAM * mm^2)













INERTIA TENSOR:






Ixx
Ixy
Ixz
1.15E+03
1.37E+02
-3.79E+02

Iyx
Iyy
Iyz
1.37E+02
3.82E+03
-1.71E+01

Izx
Izy
Izz
-3.79E+02
-1.71E+01
3.69E+03








INERTIA at CENTER OF GRAVITY with respect to _SPIRE-BSM-020-001 coordinate frame: 










 (KILOGRAM * MM^2)


INERTIA TENSOR:






Ixx
Ixy
Ixz
9.35E+02
1.10E+02
2.81E+02

Iyx
Iyy
Iyz
1.10E+02
1.60E+03
-2.60E+01

Izx
Izy
Izz
2.81E+02
-2.60E+01
1.69E+03








PRINCIPAL MOMENTS OF INERTIA:  (KILOGRAM * mm^2)






I1
I2
I3
8.25E+02
1.62E+03
1.78E+03








ROTATION MATRIX from _SPIRE-BSM-020-001 orientation to PRINCIPAL AXES:







0.93969
0.11778
0.32111




-0.14384
0.98787
0.05857




-0.31031
-0.10122
0.94523










ROTATION ANGLES from _SPIRE-BSM-020-001orientation to PRINCIPAL AXES (degrees):






angles
about
x
y
z




-3.546
18.73
-7.144









RADII OF GYRATION with respect to PRINCIPAL AXES:






R1
R2
R3




3.35E+01
4.69E+01
4.93E+01
mm










(NEEDS RE-DOING TO CSO FRAME!)































10.2 
10.3 Assembly: BSM CHOP AXIS : SPIRE-BSM-020-004


























10.4 deleted - not required in ICD
10.5 Assembly: Gimbal Frame : SPIRE-BSM-020-003

deleted - not required in ICD

























11 
12 Mechanical Environment


This section outlines the interaction with the SPIRE structure mechanical environment specified in AD4. 

13 To Be Written
14 Thermal Interface


14.1 Cooling of the BSM is provided by contact to the optical bench (per RD1) and also (if required) by a direct thermal strap, per AD4 (?).

14.2 Finish

The BSM’s interface baseplate (drawing number SPIRE-BSM-020-001-002) will be aluminium alloy, grade 6082, coated with electroless nickel (nominally 10 microns) and gold (nominally 5 microns). The baseplate provides raised pads to allow the BSM to be aligned by one-off machining operations. Any such local machining may remove the gold plating and reduce the quality of thermal contact. 

14.3 A thermal strap interface will also be provided directly on the BSM structural interface, (drawing number SPIRE-BSM-020-001-001). This will comprise a clearance hole, sized for M4, through a 3mm thick web.. At the thermal strap interface the local area will be machined flat to a standard CNC milled finish and smooth (TBC 1.8 microns RA). External finish requirements permitting, the structure will be coated with electroless nickel (nominally 10 microns) and gold plated (nominally 15 microns) (TBC)

14.4 Surface Area

The contact surface area of the baseplate is estimated as 410 mm² based on the Jun,01 version of AD4  (NB, RD1 assumes 400 mm², but does not include a thermal strap)

14.5 The contact surface area of the thermal strap is at least 31 mm² (based on single interface surface equivalent to a standard M4 washer)
14.6 Contact Force

15 At each contact face to the optical benchan approximate contact force of 670 N (TBC) will be developed by an 8-32 UNC shoulder bolt torqued to TBD N-m. The Thermal strap will be similarly torqued.
16 Harness Routing

The BSM prime and redundant harness are separate. 

Each harness includes the motor, sensor, thermometry and PCAL cables and interfaces via a fully populated 37-way MDM connector, as specified in AD5.  A 45 degree angled backshell is assumed
The harness is run to the BSM as described in AD6, with a total length of 415 mm and a mass estimate of 0.150kg (TBC) including connectors, back-shells and lacing.
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