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1 Introduction
1.1 Scope
The scope of this document is to present the MMIA#3 instrument mechanical design and analysis carried out during phase C at the DPU-Space. 

The MMIA#3 instrument is the optical part of the ASIM payload. It consists of two main units: Sensor Unit (SU) and the Data Processing Unit (DPU). 
Phase C design comprised a main redesign of the SU and DPU as compared to phase B. 
The Optical Bench and the Support Structure of SU had to be changed as far as:

· the ASIM envelope was severely reduced, 
· the neighbouring instrument’s (MXGS’s) coded mask reduced its height and shape 
and 
· the MMIA have got one additional photometer in its complement. 
The DPU box undergone design changes as far as its content was completely revised and it was decided to use the some of its parts in the design but slightly different complement for both MMIA and in MXGS instruments. 
The design task distribution has also changed from phase B to phase C. 
The detailed mechanical analysis of the MMIA SU’s optical instruments is not the part of this document.

2 Applicable and Reference Documentation
2.1 Applicable Documents

The following documents are applicable to the definitions within this document.

	Ref.
	Doc. No.
	Title
	Issue

	[AD1]
	ASIM-TER-SYS-SPEC-001
	Payload System Specification
	4C

	[AD2]
	ASIM-TER-SYS-RP-021
	ASIM Structural Analysis Report
	3

	[AD3]
	SSP 52005
	Payload Flight Equipment Requirements and Guidelines for Safety Critical Structures
	C

	[AD4]
	NASDA-ESPC-2857_Part 2_Vol_3_ 
	HTV Cargo Standard IRD
	dB 

	[AD5]
	COL-RIBRE-PL-0165, Iss1, Rev:C
	Columbus External Payloads Interface Requirements Document
	1.C


2.2 Reference Documents

The following documents contain supporting and background information to be taken into account during the activities specified within this document.
	Ref.
	Doc. No.
	Title
	Issue

	[RD1]
	ASIM-DTU-MMIA-DD-006
	MMIA DPU electronics design report
	4

	[RD2]
	 ASIM-DTU-MXGS-DD-001 
	MXGS DPU electronics Design Report 
	2

	[RD3]
	ECSS-Q-70-71A 
	Data for Selection Space Material and Processes
	1

	[RD4]
	ECSS-E-ST-01C
	Space Engineering Fracture Control
	1

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2.3 Abbreviations
ACES
Atomic Clock Ensemble in Space
ASIM
Atmosphere-Space Interactions Monitor

CAD

Computer Aided Design

CEPA
Columbus External Payload Adapter

CEPF
Columbus External Payloads Facility

CHU

Camera Head Unit

CCD
Charge Coupled Devices

CDR
Critical Design Review 

COG
Center of Gravity

CPAH 
Columbus Payload Accommodation Handbook

CPU
Central Processing Unit

DFEE
Detector Front End Electronics

DMU

Data Management Unit

DPU

Power Distribution Unit

DNSC
Danish National Space Center

DOF
Degrees of freedom

ECSS
European Corporation for Space Standardization 

EPF
External Payload Facility

EP
Exposed Palette

ESA
European Space Agency

FEM
Finite Element Model

FM
Flight Model


FOV
Field of View

FRAM
Flight Releasable Attachment Mechanism

GSE
Ground Support Equipment

HTV

H-II Transport Vehicle

IR

Infrared

ISS

International Space Station  

ICD
Interface Control Document

I/F
Interface

MGSE 
Mechanical Ground Support Equipment

MLI

Multi-Layer Insulation

MMIA
Miniature Multi-spectral Imaging Array

MPC

MultiPoint Constraint
MSu

Margin of Safety ultimate stress

MSy

Margin of Safety yield stress

MXGS
Miniature X-and Gamma-ray Sensor

MAIT
Manufacturing, Assembly, Integration and Test

NASTRAN
NAsa STRuctural ANalysis

NDI
Non Destructive Inspection 

OLR

Earth Outgoing Long-Wave Radiation

OGSE
Optical Ground Support Equipment
ORU
Orbit Replaceable Unit
PDU

Payload Power Distribution Unit

PCB

Printed Circuit Board
PSU

Power Supply Unit

PA
Product Assurance

PDRD
Performance and Design Requirements Document (for ASIM phase B)

PDR
Preliminary Design Review

PDU
Power Distribution Unit 

PMT

PhotoMultiplyer Tube
POW
MMIA Power supply unit

QA
Quality Assurance

QC
Quality Control

QR
Qualification Review

RB
Requirements Baseline

RFA
Request For Approval

RMS
Root Mean Square

ROD
Review of Design 

SDN
Starboard Deck Nadir
SOW
Statement of Work

SRAM
Static Random Access Memory

SRR
System Requirements Review

TBD
To be Defined

TOC

Table of Content

3 MMIA Mechanical Concept

The MMIA#3 SU is placed, as a part of the ASIM payload, alongside the MXGS instrument on the CEPA plate so they both face NADIR, see Figure 1. The DPU box with its radiator facing RAM is placed now alongside MXGS in the ZENITH – RAM corner of the CEPA.
The ASIM project consists of two main instruments and one optional: 

· A Modular X-ray and Gamma-ray Sensor (MXGS) instrument pointing NADIR.
· 
· One module of so called Miniature Multi-spectral Imaging Array (MMIA) Optical Assembly pointing towards Nadir (MMIA #3)
and optionally

· One module of the MMIA optical instrument pointing towards LIMB of the Earth i.e. with its optical axes creating the sharp angle with ISS’ RAM direction (MMIA #1). This instrument is not the part of this study and is not as per day the approved part of the payload. Originally it was considered that this module should occupy the space now dedicated to DPU-box.
I[image: image1.jpg]



Figure 1: The ASIM project Phase C main instruments.
The MMIA#3- SU instrument is composed of the Support Structure (SS) and the Optical Assembly (OA) mounted on the top of SS. 
In addition to the instruments described above the ASIM Payload includes also Data Handling and Power Unit (DHPU).

The conceptual work with DPU have lead to the decision to design the DPU-box frame supporting the DPU board in the way so the same design could be used both for MMIA and MXGS with the minimum dedicated adaptation. The MMIA#3 DPU Electronic Box is placed directly on the CEPA plate. The MXGS-DPU is integrated inside the MXGS structure.

Figure 1 shows the instruments without the necessary MLI, connectors and cables. 
MMIA #3’s baffles are pointing towards NADIR. 
WAKE side of the Optical Bench (OB) and SS is acting as the radiator for MMIA-SU. 
DPU-box has its own radiator facing as said before RAM direction.
The mechanical design of the MMIA parts, have followed the concept of the highest possible modularity. 
The Photometers and Camera Head Units (CHU’s) have different optics and baffles dependent on the wave length they have to observe, but their

 Electronic Boxes are identical in their mechanical and electrical design.
3.1 The Overall Constrains of the MMIA Instruments

The Nadir instruments should overlook the Earth without the spurious interferences. It poses the stringent requirements with respect to the positioning of the instruments inside the allowable envelope The Phase C envelope is dictated by HTV requirements that apply to the payload that cannot accept touching/”collisions” during withdrawal of the Exposed Pallet from the unpressurized bay of the HTV satellite.
The neighbouring SDN External Payload Facility (with ACES instrument) envelope is assumed to correspond to [AD3]’s fig. 3.2.3.5.1-1. The resulting FOV coincidence with ACES envelope made it necessary to tilt the instrument 5º away from ACES, see Figure 2. 

MXGS keeps its pointing as studied in phase B.

To minimise the number of obstacles within the MMIA#3 optical FOV its OA is positioned on the Support Structure that brings the optical instruments as far from CEPA surface as allowable. Figure 2 illustrates the resulting FOV and exclusion angles. The MMIA #3 OA is tangential to ORU’s Nadir and Wake as well as Starboard envelope surfaces.
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Figure 2: The Nadir MMIA instruments FOV and Exclusion Angles as seen from Wake (1/2)







	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	








3.2 The Structural Design of the MMIA Module
The phase C structural design follows phase B conclusions to separate the MMIA module into two parts:

· Optical Assembly, 
and

· DPU-Electronic Box.

The Optical 
Assembly is now composed of:

· Optical Bench

· Camera Head Unit 1 (337 nm)
· Camera Head Unit 2 (777nm)
· Photometer 1 (PMUV) 
· Photometer 2-1 (337 nm)
· Photometer 2-2 (777 nm)
· Support equipment such as MLI, cables and cable holders

· Red tag items used during transportation, storage, calibration and alignment
Photometer 2-1 and 2-2 are mechanically identical except the differences in the optic’s design.
The main parts of the Optical Assembly are illustrated in Figure 3.

The DPU Electronic Box servicing MMIA#3-SU consists of:
· Printed Circuit Boards

· 
· Data Processing Unit (DPU) Board, coupled to the
· 
· MMIA Power Supply (POW) and Connector board

· Connection between the POW - Connector Board and the DPU board is realized with the help of a flex print that is integrated with the POW-Connector board.
· Main Body a DPU-Box frame
· POW and connector cover

· DPU Cover
· 
· Supporting and connecting elements as MLI, cable and connectors supports, bolts etc.

The main parts of the MMIA DPU-Electronic Box are shown in the exploded view in Figure 4. 
The  MXGS DPU option is shown schematically in Figure 5. 
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Figure 3. Exploded view of the MMIA Optical Assembly

[image: image13.jpg]



Figure 4. Exploded view of MMIA Electronic Box main components.
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Figure 5. Exploded view of MXGS Electronic Box main components.

4 MMIA#3-SU Design
This chapter describes MMIA#3 instrument in more details from the point of view of the main mechanical parameters.

4.1 MMIA Optical Assembly Design and Its Physical Properties
The MMIA#3’s optical instruments have to work with distinctly different electromagnetic spectrum wavelengths, (337 nm and 777 nm). This requires that the optics for these two different instrument types is distinctly different. 


The front-end electronic boxes for CHU’s and Photometer’s instruments are in contrast identical for each type of the instrument.
Phase B instruments’ configuration on the Optical Bench was clearly different from the one chosen here in phase C. The changes introduced in phase C to the MXGS’ mask height made it possible to reconfigure the MMIA instrument, so the optical instruments could occupy more space in RAM-WAKE direction. This allowed us to position the imaging instruments on the same height over the CEPA plate. 
The lower ASIM envelope, introduced in phase C, forced us to consider which type of instruments could better tolerate the spurious reflections from neighbouring EPF. The image creating CHU instruments are more tolerant in that respect than photometers. Therefore we decided to position the photometers at the highest possible distance from CEPA surface.
In order to diminish the detrimental consequences of the envelope height reduction, the last minute decision was taken to tilt the instrument’s optical axes 5 degrees away from the neighbouring EPF in order to avoid its envelope to block part of MMIA#3 instruments’ Field of View. 
Another reason for the total new design of the Optical Bench was addition of the third photometer to the two already being the part of the MMIA#3 in the phase B.
Figure 6 presents the proposed configuration of the MMIA#3 Optical Assembly and the design of the Optical Bench with instruments tilted 5 degrees. It also specifies the OA’s main mechanical properties.
In order to improve readability of this figure we have presented its views in separate figures, see the Figure 7 to Figure 9.
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Figure 6: The Nadir MMIA Optical Assembly – Overall dimensions, MIO and the position of the coordinate system. 
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Figure 7: Nadir MMIA#3 Optical Assembly in Isometric View.
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Figure 8: MMIA#3 Optical Assembly as seen from NADIR.
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Figure 9: The Nadir MMIA Optical Assembly interface drawing (MMIA #3).
Optical Instruments of MMIA#3-SU
4.2 





	
	






	

	






	
	






	

	



	

	




During phase C of the project, the Optical Instruments of the MMIA#3 Assembly have progressed to the further detailed design, especially the population of the electronic boards of CHU’s Front End Electronics. 
The lenses of the CHU337’s objective have changed dimensions and gained in weight comparing with the phase B design. 
The photometer’s design has undergone the greatest change. DTU-Space have taken over the design task from TNO (the photometer designer in phase B). The Photomultiplier Tube housing and the electronic boards, as well as the electronic box are, in phase C, the responsibilities of the DTU-Space. While the optical parts of the photometers lie in hands of Terma A/S. 

Photometers Design Description
Housing
The photometer housing is the protector and container for the PhotoMultiplier Tube (PMT). All three PhotoMultiplier Tube Housings of MMIA#3 are designed to use identical mechanical parts, see Figure 10. The only exception is that the aluminium housing for the UV (180nm – 230nm) photometer differs in having the interface flange further rearwards (closer to the photometers electronic box) to compensate for the shorter optics, see Figure 11. 
In order to secure a vibro-isolating support of the PhotoMultiplyer Tubes (PMT), and to allow for the PMT’s loose dimensional tolerances, the PMTs are potted into a titanium support tube using silicone compound. The potting can also compensate for differences in the thermal expansions. 
During the potting operation the PMT axis is aligned with the titanium support tube axis utilizing the 2 x 3 nylon screws. Special GSE will be designed for the potting process. 
PMTs are protected from the influence of the external magnetic fields with the help of the Mµ-metal shield, which is designed as two half circular shells bonded around the titanium PMT support tube. 

 [image: image23.jpg]



Figure 10. Photomter PMT housing and Photometer Electronic Box.





Photometers main mechanical properties are given in the Table 1 below. The photometers local coordinate system has its origo in the center of the Photo Multipliers Tubes active window (/cathode plane). The COG position with respect to this coordinate system and the main dimensions of photometers are shown in the following Figure 11 and Figure 12.
	Property
	Photometer 1
PMUV
	Photometer 2
(337 and 777 nm)

	Mass
	0,588 kg
	0,652 kg

	MOI: I x = 
	3,0 E-3 kg * m^2
	4,5 E-3 kg * m^2

	MOI: I y =
	3,0 E-9 kg * m^2
	4,5 E-3 kg * m^2

	MOI: I z =
	4,5 E-4 kg * m^2
	3,0 E-4 kg * m^2


Table 1. Photometers Mass and Moments of Inertia with respect to their COG.
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Figure 11. Photometer 1 main dimensions, COG and Coord. Sys position.
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Figure 12. Photometer 2 main dimensions, COG and coord. Sys. Position.
The photometers CAD drawings do not contain any details of the printed boards lay-out, that are the main content of the Photometer’s Electronic Boxes. The Baffles and other photometer optical elements are designed by Terma A/S and will be explained elsewhere.



Camera Head Unit Housing Design Description
Both Camera Head Units (CHUs) are designed to utilize the identical housing design. CHU housing contains the CCD and the Proximity Electronics (/Front End Electronics). 
The CCD is mounted directly on the front plate of the CHU housing made of titanium to better match the Thermal Expansion Coefficient of the CCD chip as well as that of the optics. 
In order to achieve the acceptable CCD’s Noise to Signal ratio it is advisable to keep its temperature below 0º C. Titanium has, though, low thermal conductivity, therefore underneath the CCD is also placed a copper heat conductive finger to secure better cooling conditions of the CCD; see Figure 14. 
The CCD is bonded to the front plate of the housing after its centre point position is adjusted to coincide with the centre of the circular groove controlling the position of the optics. This way the alignment of the CCD’s axis and optics’ axis is secured. The focal distance adjustment and control of the other optical parameters is carried out on a special OGSE. 

The distance between the optics and the CCD is regulated with the help of special shim rings, between the optical barrel and the CHU titanium housing. 
The Proximity Electronics occupies two rigid Printed Circuit Boards interconnected by the flex print. The CCD is soldered to one of the Front End Electronic Boards that is also firmly bolted to the titanium front plate. The other rigid PCB is bolted to the aluminium cover of the CHU’s electronic box.

The CHU’s PCB’s are shown in its folded state together with the section of the other parts of the housing in Figure 14. 
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Figure 13. CHU housing with the CCD chip mounted on the front plate.
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Figure 14. CHU Proximity electronics PCBs mounted in the housing .


MMIA#3 Support Structure
Support Structure (SS) that DAMEC has proposed in Phase B had to undergo the radical changes as far as the MMIA#3 Optical Assembly have changed radically and the envelope of the whole payload have changed. 
We propose that the design of the MMIA#3 Support Structure corresponds to the 3D frame structure. The beams of the frame creating the plane faces of the SS are highly integrated. The nodes of the frame are stiffened in order to improve conveying of the moments and secure more efficient bolt connection to the other sides of the frame. The beams cross section is U shaped with dimensions 20 x 20 x 20 with bottom in the U having thickness 2.5 or 2 mm while the sides are 2 mm. This cross section profile is simple to achieve by milling process, when every plane side of the frame can be produced as an integral part from an aluminium plate. The whole frame is assembled of 5 beam plates, i.e.: the four sides of the square tower and the top side. The WAKE side’s beams are connected also by the 2 mm plate acting as the radiator, see Figure 15.
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Figure 15 MMIA#3 Support Structure
The Support Structure connects to the CEPA mounting holes along two lines 350 mm apart. In each line there is possibility to connect to 6 CEPA holes
The mass of the SS inclusive radiator plate is netto about 5.9 kg. 
4.3 DPU Electronic Box Design
The electronic box contains the necessary electronics for MMIA data processing and storage as well as power supply. The PCB designs were converted from the board population drawings into the mechanical drawings containing the component representation in simplified outline. Some less mechanically important components were omitted in the mechanical drawings, see Figure 16.
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Figure 16. Electronic Box boards: DPU (Computer PCB) - Left: and POW-Connector board with flex print - Right.

The concept of the Electronic Box assumes that DPU board is bolted to the DPU frame (see Figure 20 upper) with the component side inclusive 220 pin connector facing the DPU-frame’s screen and the POW board on the opposite side of the screen. 
The POW-Connector board with its cooling sink is to be fastened to the POW-Connector Cover (see Figure 20 lower). 
The two boards are connected to each other with the help of the 220 pin connector and the flex print, while the POW-Con.-board and Cover assembly is hold in the proximity of the assembly: DPU frame and the DPU board. This process will be most securely carried through with the help of the MGSE that will be design especially for this task. 
After the 220 pin connector have been secured, the POW-Connector Cover assembly can be closed and fastened to the DPU frame. 
The opposite side of the DPU-box frame is closed by the DPU-Cover acting also as MMIA#3 DPU box radiator (see Figure 19). That is why this cover’s dimensions are not dictated by the size of the DPU frame but by the DPU-box’ cooling requirements. 
In Figure 16 to Figure 20 (See also the Electronic box exploded view in Figure 4 REF _Ref228158824 \h 
) are shown different parts of the MMIA DPU-box.
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Figure 17. DPU-box frame as seen from DPU board side.
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Figure 18. MMIA-DPU-box POW-Connector cover seen from the inside of the box.
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Figure 19. MMIA DPU-box DPU cover acting also as DPU radiator seen from the inner side of the box.
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Figure 20. DPU frame with DPU board mounted in it (upper)  and POW-Connector Cover with POW-Connector board mounted in it (lower).
MMIA#3 Structural Analysis


This chapter reports the results of the structural analysis inclusive FEM analysis of the MMIA#3 SU and DPU-box design presented in the preceding chapters. 
The purpose of this analysis is to prove that the design is fulfilling the requirements posed by [AD1]-[AD5] with relevant supplements and changes resulting from the ASIM structural system level analysis. The system level changes were communicated to us via e-mails. 
This edition of the MMIA#3 Structural Design Report is prepared for the Instrument Level PDR and therefore the extent presented here will concentrate on the Instrument Level relevant areas. The report extent comprises the Optical Bench and Support Structure as well as DPU box of the MMIA#3.
4.4 MMIA#3 DPU-box Structural Analysis.

In order to analyse the dynamic and static behaviour of the box and its components the FEM model was build in Nastran/Patran consisting of 14,197 elements, 15,378 nodes and 41 MPCs. 
Figure 21 shows the overall picture of the FEM model with the DPU and POW boards shown enhanced in their positions inside the transparent element net of the DPU box.
In Figure 22 one can see the DPU board FEM model with its structurally most important components modelled with the help of volume elements. The PCB is represented with Quad4 shell elements. The smaller components, not shown on FEM model figure, are represented in the model with their masses as Lump mass elements coupled to the board’s nodes at the representative positions.
Figure 23 presents the component side of the POW board as modelled in FEM. On the opposite side of this board all connectors are represented in their positions with the help of volume elements. In this figure the red colour marks the extend of the POW board’s cooling sink.
Figure 24 and Figure 25 illustrates the thickness distribution in the FEM model of the DPU board cover and the DPU-box frame. The black colour areas are the volume elements for which the thickness parameter has no meaning.
Material data employed in the FEM model are specified in Table 2. The mechanical data are difficult to get for the electronic components. We have attempted to calculate some numbers for their E-module that is according to our judgment on the conservative side. The density is derived from the information received from electronic engineers.
Displacements boundary conditions are also conservative as far as we have only specified the translations to be = 0 in all three axes in one node per DPU-box support area, see Figure 26. (DPU-box has 6 support areas, i.e. 6 bolts fastening it to the CEPA plate). In Figure 26 one can also see the MPC elements that correspond to the bolts fastening covers to the DPU-box frame and boards to the Al-box elements (the magenda colour circles).
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Figure 21. MMIA-DPU-box FEM model with aluminium box structure shown transparent allowing viewing the inner boards.
	
	Material name
	E- Module
	Poisson Ration
	Density

	
	 
	[N/m^2]
	 
	[kg/m^3]

	
	Aluminium
	7,00E+10
	0,33
	2630

	
	PCB-Arlon85N
	2,20E+10
	0,3
	2934

	
	DC/DC28V-3.3V
	4,50E+10
	0,33
	1849

	
	DC/DC3.3V-1.0V
	4,50E+10
	0,33
	2118

	
	EEPROM
	3,00E+10
	0,33
	1238

	
	EMI-Filter
	3,65E+10
	0,33
	3328

	
	FPGA
	3,65E+10
	0,33
	1750

	
	POW-DC/DC3.3V-1.0V
	4,50E+10
	0,33
	4000

	
	PPS-K-30_Connectors
	2,70E+09
	0,3
	1600

	
	POW-DC/DC3.3V-28V
	4,50E+10
	0,33
	4000

	
	SDR+3D
	3,00E+10
	0,33
	1646

	
	SDR+3Dring
	3,00E+10
	0,33
	1071

	
	SRAM
	3,65E+10
	0,33
	1562


Table 2. Material definitions employed in structural FEM model of the MMIA DPU-box.
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Figure 22. DPU board FEM model (left) and board population diagram (right)
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Figure 23. POW-Connector board FEM model (left) and components population (right).
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Figure 24. Thickness distribution in FEM model of the DPU board cover/radiator.
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Figure 25. Thickness distribution in the FEM model of the DPU-box frame.
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Figure 26. Displacement boundary conditions employed in FEM model of DPU-box.
4.5 MMIA#3 DPU-box modal analysis

The FEM model of DPU-box described above was employed to determine its eigen modes and frequencies for the boundary conditions employed.
The results for the lowest ten eigen frequencies are shown in Table 3. This table gives the modal effective mass fractions in three  translation directions and rotations around the three axes of the basic coordinate system employed in the model. The T1 corresponds to the direction perpendicular to the CEPA plate (R1 to the rotation around this direction). T2 is the NADIR-ZENITH direction and T3 – RAM-WAKE.
	MODE
	FREQUENCY
	T1
	T2
	T3
	R1
	R2
	R3

	NO,
	 
	FRACTION
	FRACTION
	FRACTION
	FRACTION
	FRACTION
	FRACTION

	 
	 
	 
	 
	 
	 
	 
	 

	1
	302
	0,0%
	1,4%
	0,0%
	2,2%
	0,0%
	0,1%

	2
	313
	0,0%
	94,7%
	0,1%
	2,5%
	0,0%
	2,2%

	3
	330
	0,0%
	0,2%
	16,2%
	0,1%
	32,7%
	0,0%

	4
	356
	0,0%
	0,8%
	3,7%
	5,4%
	2,1%
	0,0%

	5
	399
	0,1%
	0,0%
	16,1%
	2,1%
	1,0%
	0,0%

	6
	403
	0,1%
	0,0%
	0,0%
	0,0%
	0,2%
	0,0%

	7
	455
	0,0%
	0,0%
	0,8%
	3,6%
	0,0%
	0,0%

	8
	546
	0,1%
	0,0%
	0,5%
	0,0%
	1,9%
	0,1%

	9
	582
	0,0%
	0,0%
	2,3%
	11,6%
	1,6%
	0,1%

	10
	586
	0,0%
	0,0%
	6,8%
	1,2%
	6,9%
	0,1%


Table 3. DPU box 10 lowest eigen frequencies and the effective modal masses.
[image: image51.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-1116:23:18 5.28+000)
Fringe: FIXDPU.SC1, AB3:Mode 1 - Freq. = 302.2, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 493+000)
Deform: FIXDPU.SCT, AB3:Mode 1 - Freq. = 302.2, Eigenvectors, Translational, 458+000)
422+000)
387+000)
352+000)
317+000)
282+000)
2.46+000)
2.11+000)

1.76+00

1.41+00

1.06+000]
7.04-001
3562-001

0
default_Fringe

: Max 5.28+000 @Nd 4452

Min 0. @Nd 5741

default_Deformation
Max 5.28+000 @Nd 4452




[image: image52.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:25:43 1.08+000f
Fringe: FIXDPU.SC1. AB3:Mode 2 : Freq. = 312.95, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 9.78-001
Deform: FIXDPU.SCT, AB3:Mode 2 : Freq. = 312,95, Eigenvectors, Translational, 9.08:001

;000 8.38-001

7.68-001

6.99-001

6.29-001
559-001
4.89-001
419-001
3.49-001
2.79-001
2.10-001
1.40-001

6.99-002}
0
default_Fringe

y—<f Min 0. @Nd 5741

Max 1.06+000 @Nd 1776
default_Deformation

Max 1.05+000 @Nd 1776




[image: image53.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:26:59 4.52+000)
Fringe: FIXDPU.SC1. AB3:Mode 3 : Freq. = 329.62, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 421+000)
Deform: FIXDPU.SCT, AB3:Mode 3 : Freq. = 329,62, Eigenvectors, Translational, 3.91+000)
361+000)
331+000)
3.01+000)
2.71+000)
2.41+000)
2.11+000)
1.81+000)

151+00

1.20+00

9.03-001
6.02-001

3.01-001
0

default_Fringe

y—<f Min 0. @Nd 5741

Max 4 52+000 @Nd 1776
default_Deformation

Max 4.52+000 @Nd 1776



[image: image54.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-1116:34552 1.28+000)
Fringe: FIXDPU.SC1. AB3:Mode 4 : Freq. = 355.88, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 1.16+000)
Deform: FIXDPU.SC1, AB3:Mode 4 : Freq. = 36588, Eigenvectors, Translational, 1.07+000
9.84-001
9.02-001
8.20-001
7.38-001
6.56-001
5.74-001
4.92-001
410-001
3.28-001
2.46-001
164001

8.20-002)
0

default_Fringe

Max 1.23+000 @Nd 4452

Min 0. @Nd 5741

default_Deformation

Max 1.23+000 @Nd 4452




[image: image55.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:35:06 8.72:001
Fringe: FIXDPU.SC1. AB3:Mode 5 - Freq. = 39855, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 814-001
Deform: FIXDPU.SCT, AB3:Mode 5 - Freq. = 398 55, Eigenvectors, Translational, 756:001
6.98-001
6.40-001
5.82-001
5.23-001
4.66-001
4.07-001
3.49-001
291-001
283001
1.74001
1.16001

5.82-002)
0

default_Fringe

Max 8.72-001 @Nd 1776

Min 0. @Nd 5741

default_Deformation

Max 8.72-001 @Nd 1776




[image: image56.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:35:38 5.07-001
Fringe: FIXDPU.SC1. AB3:Mode 6 - Freq. = 402.79, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 473001
Deform: FIXDPU.SCT, AB3:Mode 6 - Freq. = 402,79, Eigenvectors, Translational, 436:001
4.06-001
3.72:001
3.38-001
3.04-001
2.70-001
287-001
2.08-001
169001
1.85001
1.01-001
6.76-002}

3.38-002)
0
default_Fringe
Max5.07-001 @Nd 1776
Min 0. @Nd 5741
default_Deformation
Max5.07-001 @Nd 1776




[image: image57.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:35:48 3.36-001
Fringe: FIXDPU.SC1. AB3:Mode 7 : Freq. = 454.93, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 3.14-001
Deform: FIXDPU.SCT, AB3:Mode 7 - Freq. = 454.93, Eigenvectors, Translational, 291-001
269-001
2.46-001
2.24-001
2.02-001
1.79001
157001
1.84-001
1.12:001
8.96-002)
6.72-002)
4.48-002)

2.24-002)

0
default_Fringe
Max 3.36-001 @Nd 1778
Min 0. @Nd 5741
default_Deformation
Max 3.36-001 @Nd 1778




[image: image58.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:36:00 1.19+000]
Fringe: FIXDPU SC1. AB3:Mode 8 : Freq. = 646 22, Eigenvectors, Translational. Magnitude, (NON-LAYERED) 1.11+000}

Deforr: FIXDPU SC1. AB3 Mode § - Freq. = 546 22, Eigenvectors, Transiational. 1.08+000
A

953-001
8.74-001
7.96-001
7.16-001
6.36-001
556-001
4.77-001
3.97-001
3.18-001
2.38-001
159-001

7.95-002)
0
default_Fringe
Max 1.19+000 @Nd 4454
Min 0. @Nd 5741
default_Deformation
Max 1.19+000 @Nd 4454




[image: image59.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:36:38 8.94+000)
Fringe: FIXDPU.SC1. AB3:Mode 9 - Freq. = 581.71, Eigenvectors, Translational, Magnitude. (NON-LAYERED) 834+000)
Deform: FIXDPU.SCT, AB3:Mode 9 : Freq. = 581.71, Eigenvectors, Translational, 775+000)
8 94+000

7.16+000]
6.56+000)
5.96+000]
5.36+000)
4.77+000)
4.17+000)
3.58+000]
2.98+000]
2.38+000]
1.79+000f
1.19+000]

5.96-001
0
default_Fringe
Max 8.94+000 @Nd 4454
Min 0. @Nd 5741
default_Deformation
Max 8.94+000 @Nd 4454




[image: image60.jpg]Patran 2010.2.3 (MD Enabled) 21-Sep-11 16:36:49 9.50+000f
Fringe: FIXDPU.SC1. AB3:Mode 10 : Freq. = 585.53, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 8 87+000)
Deform: FIXDPU.SC1, AB3:Mode 10 : Freq. = 585,53, Eigenvectors, Translational, 8.24+000)
7.60+000)
697+000)
6.34+000)
5.70+000)
5.07+000)
4.44+000)
380+000)
317+000)
253+000)
1.90+000)
1.27+000)

6.34-001
0
default_Fringe
Max 9.50+000 @Nd 1778
Min 0. @Nd 5741
default_Deformation
Max 9.50+000 @Nd 1778





Figure 27. 10 lowest eigen modes of DPU-box structure
We observe in Table 3 that the most critical eigen mode is the 2-nd at 313 Hz in Y-direction (Nadir-Zenith). 95% of the DPU-box mass is participating in this oscillation. This mode is illustrated in the second picture of the Figure 27. The in phase deflection of the box’ 6 support feet causes this dramatic oscillation though at relatively high frequency. We evaluate that this mode will in reality occur at higher eigen frequency as far as the employed displacement boundary condition is very conservative. Other eigen modes of the DPU-box structure involve oscillation of the radiator’s free edge and/or the areas of the box covers between their support/stiffening points/lines.
Table 3 indicates big difference between the mode 5 and 6, but according to the Figure 27 there is almost no difference in overall shape of these two modes. The explanation has to be seen in much bigger volume of the DPU-box frame that in mode 5 has another colour than in mode 6. The similar mode and participation fraction is seen in mode 3. Here also in the same direction (RAM-WAKE). This participation factors are not profoundly influenced by the eigen modes of the boards that are showed in Figure 28. Here we observe that the DPU boards deforms severely in vicinity of the EMI filter 50 g heavy component on the board. This could be the amplified in this model by the not very representative model of the filter support on the PCB. Better support of the PCB in the vicinity of this component would reduce the problem. During mode 5 and 6 (around 400 Hz) we observe the distinct participation of the FPGA component on the DPU board and Filter component on the POW board in the eigen mode amplification of the oscillations. For the eigen frequency 400 Hz under the acceleration of 6g and for the amplification factor Q of 10 the deflection would be 0.093 mm. 
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Figure 28. 10 lowest eigen modes of DPU and POW-Connector boards mounted in the MMIA DPU box.
In mode 9 in Figure 28 we observe deflection in the POW-Connector board in the area of connectors. This is not the behaviour that will be found in the reality. This mode is cause by the lack of connection between the elements representing connector and the POW cover in the FEM model. We will correct this in the next version of the DPU model.

Concluding the modal behaviour show relatively high eigen frequencies with relatively low mass participation fraction except for mode 2. Some improvement of the design to diminish the response in this mode could be considered, but the mode is occurring at the lower frequency because the conservative boundary conditions are employed. 
In general we find the construction of the box and the boards acceptable from the dynamic behaviour point of view.

4.6 MMIA#3 DPU-box Stress Analysis
Above described FEM model of the MMIA DPU-box was also used for stress analysis. The load was assumed to correspond with the lift-off environment amplified by the CEPA. The amplification was examined during the ASIM System Level Analysis carried out by Terma A/S, described in [AD2]. The results were conveyed to us via e-mail. The load to be applied for the stress analysis of the MMIA DPU box is given as quasi static load in Table 4. This load should include the contribution from the random load and is to be applied in all possible permutations of ± loads. 
The random loads, see Figure 30, Figure 31and Figure 32, that were also conveyed to us should be utilized separately to prove the positive margin of safety. 
	
	 
	Xep
	Yep
	Zep
	 
	RXep
	RYep
	RZep

	
	 
	[g]
	[g]
	[g]
	 
	[rad/s^2]
	[rad/s^2]
	[rad/s^2]

	
	max
	5,2
	5,2
	5,9
	 
	30
	30
	30

	
	min
	-5,2
	-5,2
	-11,4
	 
	-30
	-30
	-30


Table 4. Quasi Static loads derived during ASIM System Level analysis incl. random load contribution.
We have reduced the number of quasi static load cases by utilizing the same (absolutely greatest) value of the T3 load in both directions. We have analyzed the following permutation of signs for the given values of quasi static loads her converted to [m/sec^2], see Table 5.
	
	Load Case
	Xnastr
	Ynastr
	Znastr
	XRnastr
	YRnastr
	ZRnastr

	
	1
	-
	+
	+
	+
	+
	+

	
	2
	-
	+
	+
	-
	-
	-

	
	3
	-
	+
	+
	+
	+
	-

	
	4
	-
	+
	+
	+
	-
	+

	
	5
	-
	+
	+
	-
	+
	+

	
	6
	-
	+
	+
	-
	-
	+

	
	7
	-
	+
	+
	-
	+
	-

	
	8
	-
	+
	+
	+
	-
	-

	
	9
	-
	-
	+
	+
	+
	+

	
	10
	-
	-
	+
	-
	-
	-

	
	11
	-
	-
	+
	+
	+
	-

	
	12
	-
	-
	+
	+
	-
	+

	
	13
	-
	-
	+
	-
	+
	+

	
	14
	-
	-
	+
	-
	-
	+

	
	15
	-
	-
	+
	-
	+
	-

	
	16
	-
	-
	+
	+
	-
	-

	
	17
	+
	+
	+
	+
	+
	+

	
	18
	+
	+
	+
	-
	-
	-

	
	19
	+
	+
	+
	+
	+
	-

	
	20
	+
	+
	+
	+
	-
	+

	
	21
	+
	+
	+
	-
	+
	+

	
	22
	+
	+
	+
	-
	-
	+

	
	23
	+
	+
	+
	-
	+
	-

	
	24
	+
	+
	+
	+
	-
	-

	
	25
	+
	-
	+
	+
	+
	+

	
	26
	+
	-
	+
	-
	-
	-

	
	27
	+
	-
	+
	+
	+
	-

	
	28
	+
	-
	+
	+
	-
	+

	
	29
	+
	-
	+
	-
	+
	+

	
	30
	+
	-
	+
	-
	-
	+

	
	31
	+
	-
	+
	-
	+
	-

	
	32
	+
	-
	+
	+
	-
	-

	
	ABS values used
	111,834
	51,012
	51,012
	30
	30
	30

	
	 
	X [m/s^2]
	Y [m/s^2]
	Z [m/s^2]
	RX [rad/s^2]
	RY [rad/s^2]
	RZ [rad/s^2]


Table 5. The permutation of signs for the quasi static loads analyzed.
The main results for these 32 cases are given in Table 6.
	
	 
	Von M. Vol.
	Von M. Shell1
	Von M. Shell2
	Constr. Force
	X-dir. Force 
	Max disp

	
	Load Case
	 [MPa]
	[MPa]
	[MPa]
	 [N]
	 [N]
	[mm]

	
	1
	1,01
	6,02
	6,84
	197
	147
	0,0261

	
	2
	1,43
	5,87
	6,41
	157
	121
	0,0504

	
	3
	0,87
	5,5
	6,19
	162
	114
	0,0235

	
	4
	1,58
	5,93
	7,24
	218
	170
	0,052

	
	5
	1,11
	6,48
	7,14
	171
	131
	0,027

	
	6
	1,31
	6,4
	7,06
	193
	154
	0,051

	
	7
	0,92
	5,97
	6,5
	136
	98,4
	0,026

	
	8
	1,44
	5,42
	6,11
	183
	137
	0,051

	
	9
	0,99
	5,77
	5,56
	130
	94,3
	0,024

	
	10
	1,51
	5,81
	6,85
	208
	162
	0,052

	
	11
	1,05
	6,29
	6,14
	163
	125
	0,026

	
	12
	1,51
	5,7
	5,68
	151
	117
	0,051

	
	13
	0,92
	5,35
	5,24
	153
	109
	0,031

	
	14
	1,39
	5,28
	5,57
	174
	132
	0,051

	
	15
	0,99
	5,87
	6,07
	186
	140
	0,032

	
	16
	1,37
	6,23
	6,4
	184
	148
	0,051

	
	17
	2,54
	5,69
	6,27
	121
	16,1
	0,0247

	
	18
	2,51
	5,56
	5,85
	125
	-109
	0,0453

	
	19
	3
	5,18
	5,64
	103
	-94,1
	0,0245

	
	20
	2,67
	5,61
	6,17
	131
	-116
	0,0469

	
	21
	2,71
	6,16
	6,58
	145
	-124
	0,0248

	
	22
	2,89
	6,08
	6,49
	156
	-136
	0,0463

	
	23
	2,38
	5,65
	5,95
	115
	-95,3
	0,0235

	
	24
	3,13
	5,09
	5,54
	116
	-109
	0,0454

	
	25
	2,63
	5,54
	5,41
	122
	-101
	0,0236

	
	26
	2,6
	5,44
	5,62
	137
	-120
	0,047

	
	27
	3,09
	5,93
	5,91
	154
	-131
	0,0249

	
	28
	2,76
	5,35
	5,36
	131
	-112
	0,0455

	
	29
	2,62
	4,98
	4,88
	102
	-92,8
	0,0282

	
	30
	2,8
	4,91
	4,98
	117
	-110
	0,0455

	
	31
	2,47
	5,5
	5,52
	128
	-110
	0,029

	
	32
	3,22
	5,87
	5,93
	163
	-141
	0,0465


Table 6. Compilation of the main results for 32 quasi static sign permutation loads.
As can be seen from the Figure 29 and Table 6 the Von Mises stresses caused by the quasi static loads are very small and concentrated at fixation points or in the zones of high stiffness differences. The greatest deflections are seen on the top edge of the thin radiator plate but the magnitude is not alarming around 0.05 mm. The von Mises stresses in the volume elements are the half of the max. stresses in the shell elements. 
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Figure 29. Four cases out of 32 with the maximum result values for different parameters.
	Frequency
	PSD
	ΔPSD

	[Hz]
	[g^/Hz]
	[dB/oct]

	20
	 
	 

	 
	 
	5,29

	110
	0,2
	 

	130
	0,2
	 

	 
	 
	-23,33

	160
	0,04
	 

	350
	0,04
	 

	 
	 
	-3,00

	2000
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Figure 30. Random load for DPU-box along Xep (ASIM system level results).
	Frequency
	PSD
	ΔPSD

	[Hz]
	[g^/Hz]
	[dB/oct]

	20
	 
	 

	 
	 
	3,00

	80
	0,04
	 

	140
	0,04
	 

	 
	 
	14,21

	170
	0,1
	 

	280
	0,1
	 

	 
	 
	-12,36

	350
	 
	 

	 
	 
	-3,00

	2000
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Figure 31. Random load for DPU-box along Yep (ASIM system level results).
	Frequency
	PSD
	ΔPSD

	[Hz]
	[g^/Hz]
	[dB/oct]

	20
	 
	 

	 
	 
	3,80

	60
	0,04
	 

	350
	0,04
	 

	 
	 
	-3,00

	2000
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Figure 32. Random load for DPU-box along Zep (ASIM system level results).
Above Random Vibration input is to be applied during the stand alone vibration tests, but it has to be proved that the structure can withstand the given load without any degradation.

To do so we will use Miles formula to find the Radom Vibration Load Factors for the lowest frequencies along the three coordinate system axis.

	Mode
	Frequency
	T1
	T2
	T3
	PSD r1
	PSD r2
	PSD r3
	R1*PF
	R2*PF
	R3*PF

	NO,
	[Hz]
	Modal Effective Mass Fraction
	Modal Effective Mass Fraction
	Modal Effective Mass Fraction
	[g/Hz2]
	[g/Hz2]
	[g/Hz2]
	[g]
	[g]
	[g]

	1
	302
	0,00%
	1,40%
	0,00%
	0,040
	0,073
	0,04
	0,00
	0,37
	0,00

	2
	313
	0,00%
	94,70%
	0,10%
	0,04
	0,063
	0,04
	0,00
	23,62
	0,01

	3
	330
	0,00%
	0,20%
	16,20%
	0,04
	0,051
	0,04
	0,00
	0,05
	2,33

	4
	356
	0,00%
	0,80%
	3,70%
	0,039
	0,037
	0,04
	0,00
	0,16
	0,55

	5
	399
	0,10%
	0,00%
	16,10%
	0,035
	0,032
	0,035
	0,01
	0,00
	2,39

	6
	403
	0,10%
	0,00%
	0,00%
	0,035
	0,032
	0,035
	0,01
	0,00
	0,00

	7
	455
	0,00%
	0,00%
	0,80%
	0,031
	0,028
	0,031
	0,00
	0,00
	0,12

	8
	546
	0,10%
	0,00%
	0,50%
	0,026
	0,024
	0,026
	0,01
	0,00
	0,07

	9
	582
	0,00%
	0,00%
	2,30%
	0,024
	0,022
	0,024
	0,00
	0,00
	0,34

	10
	586
	0,00%
	0,00%
	6,80%
	0,024
	0,022
	0,024
	0,00
	0,00
	1,01

	11
	600
	0,19%
	0,00%
	3,54%
	0,023
	0,022
	0,023
	0,03
	0,00
	0,53

	12
	612
	0,04%
	0,00%
	2,31%
	0,023
	0,021
	0,023
	0,01
	0,00
	0,34

	13
	656
	0,00%
	0,00%
	6,64%
	0,021
	0,020
	0,021
	0,00
	0,00
	0,99

	14
	663
	0,13%
	0,00%
	6,20%
	0,021
	0,020
	0,021
	0,02
	0,00
	0,92

	15
	707
	0,09%
	0,00%
	0,27%
	0,020
	0,018
	0,020
	0,01
	0,00
	0,04

	16
	722
	0,04%
	0,00%
	2,16%
	0,019
	0,018
	0,019
	0,01
	0,00
	0,32

	17
	738
	0,00%
	0,00%
	0,29%
	0,019
	0,018
	0,019
	0,00
	0,00
	0,04

	18
	752
	0,00%
	0,00%
	2,35%
	0,019
	0,017
	0,019
	0,00
	0,00
	0,35

	19
	757
	0,01%
	0,00%
	0,00%
	0,019
	0,017
	0,019
	0,00
	0,00
	0,00

	20
	768
	0,35%
	0,00%
	0,23%
	0,018
	0,017
	0,018
	0,05
	0,00
	0,03

	21
	775
	0,25%
	0,00%
	0,04%
	0,018
	0,017
	0,018
	0,04
	0,00
	0,01

	22
	794
	0,94%
	0,00%
	1,18%
	0,018
	0,016
	0,018
	0,14
	0,00
	0,18

	23
	801
	0,05%
	0,00%
	0,00%
	0,018
	0,016
	0,018
	0,01
	0,00
	0,00

	24
	811
	0,48%
	0,00%
	0,21%
	0,017
	0,016
	0,017
	0,07
	0,00
	0,03

	25
	874
	0,06%
	0,00%
	1,33%
	0,016
	0,015
	0,016
	0,01
	0,00
	0,20

	26
	888
	0,85%
	0,00%
	2,94%
	0,016
	0,015
	0,016
	0,13
	0,00
	0,44

	27
	892
	0,03%
	0,00%
	0,03%
	0,016
	0,015
	0,016
	0,00
	0,00
	0,00

	28
	916
	9,07%
	0,00%
	0,01%
	0,015
	0,014
	0,015
	1,35
	0,00
	0,00

	29
	935
	6,87%
	0,00%
	0,06%
	0,015
	0,014
	0,015
	1,02
	0,00
	0,01

	30
	942
	35,85%
	0,00%
	0,39%
	0,015
	0,014
	0,015
	5,33
	0,00
	0,06

	31
	953
	0,02%
	0,02%
	0,00%
	0,015
	0,014
	0,015
	0,00
	0,00
	0,00

	32
	966
	2,16%
	0,00%
	0,09%
	0,015
	0,013
	0,015
	0,32
	0,00
	0,01

	33
	980
	0,00%
	0,00%
	0,02%
	0,014
	0,013
	0,014
	0,00
	0,00
	0,00

	34
	997
	10,20%
	0,00%
	0,11%
	0,014
	0,013
	0,014
	1,52
	0,00
	0,02

	35
	1001
	0,41%
	0,00%
	3,46%
	0,014
	0,013
	0,014
	0,06
	0,00
	0,51

	36
	1029
	2,46%
	0,01%
	0,01%
	0,014
	0,013
	0,014
	0,37
	0,00
	0,00

	37
	1042
	0,03%
	0,02%
	0,03%
	0,013
	0,012
	0,013
	0,00
	0,00
	0,00

	38
	1044
	0,20%
	0,22%
	0,01%
	0,013
	0,012
	0,013
	0,03
	0,04
	0,00

	39
	1058
	3,37%
	0,01%
	0,01%
	0,013
	0,012
	0,013
	0,50
	0,00
	0,00

	40
	1071
	8,36%
	0,00%
	0,23%
	0,013
	0,012
	0,013
	1,24
	0,00
	0,03

	41
	1103
	4,00%
	0,00%
	0,07%
	0,013
	0,012
	0,013
	0,59
	0,00
	0,01

	42
	1116
	0,00%
	0,01%
	0,10%
	0,013
	0,012
	0,013
	0,00
	0,00
	0,01

	43
	1117
	0,09%
	0,01%
	0,10%
	0,013
	0,012
	0,013
	0,01
	0,00
	0,02

	44
	1126
	0,00%
	0,24%
	0,01%
	0,012
	0,012
	0,012
	0,00
	0,05
	0,00

	45
	1136
	0,05%
	0,00%
	0,07%
	0,012
	0,011
	0,012
	0,01
	0,00
	0,01

	46
	1154
	0,10%
	0,00%
	0,01%
	0,012
	0,011
	0,012
	0,01
	0,00
	0,00

	47
	1175
	0,09%
	0,01%
	0,02%
	0,012
	0,011
	0,012
	0,01
	0,00
	0,00

	48
	1191
	0,25%
	0,00%
	0,07%
	0,012
	0,011
	0,012
	0,04
	0,00
	0,01

	49
	1220
	0,00%
	0,00%
	0,04%
	0,012
	0,011
	0,012
	0,00
	0,00
	0,01

	50
	1230
	0,52%
	0,04%
	0,01%
	0,011
	0,011
	0,011
	0,08
	0,01
	0,00

	
	sum
	87,91%
	97,72%
	81,16%
	
	
	[g]
	13,06
	24,33
	11,98

	
	
	
	
	
	
	
	[m/sec^2]
	128,1
	238,7
	117,5


Table 7. Random Vibration Load Factor for DPU-box
The Y nastran and Z nastran direction could swap to Yep or Xep  and vise versa as far as the Exposed Pallet exact configuration is not known yet. What is certain is that Zep corresponds to X nastran.
Although the system level have given us the quasi static load that comprises also random loads we have decided to carry out the analysis with combined loads i.e. quasi static and random according to the following prescription, see Table 8.
	Load Set
	X-EP (Znastr)
	Y-EP (Ynastr)
	Z-EP (Xnastr)
	RX-EP
	RY-EP
	RZ-EP

	1
	(T1^2+R1^2)^½
	T2
	T3
	±TRF1
	±TRF2
	±TRF3

	2
	T1
	(T2^2+R2^2)^½
	T3
	±TRF1
	±TRF2
	±TRF3

	3
	T1
	T2
	1.8±[(T3-1.8)^2+R3^2]^½
	±TRF1
	±TRF2
	±TRF3


Table 8. Load Combination Criteria
Prescription of the Table 8 applied to the number relevant for the DPU-box have given the load sets as shown in 
Table 9
.
	Load Set
	X- DPUnastran
	Y-DPUnastran
	Z-DPUnastran
	Rx-DPUnastran
	Ry-DPUnastran
	Rz-DPUnastran

	Units=>
	[m/sec^2]
	[m/sec^2]
	[m/sec^2]
	[rad{sec^2]
	[rad{sec^2]
	[rad{sec^2]

	1,0
	51,0
	51,0
	128,1
	30,0
	30,0
	30,0

	2,0
	51,0
	244,0
	51,0
	30,0
	30,0
	30,0

	3,0
	150,0
	51,0
	51,0
	30,0
	30,0
	30,0


Table 9. Combined Quasi Static and Random load cases for DPU-box.

We have run the DPU-Box FEM model with the loads corresponding to the load cases given in 
Table 9
 with the full permutation of the rotation acceleration’s signs and for the half of the permutation space for the translational acceleration’s signs. The other half gives the same results with opposite sings. The results of these analysis are given in Table 10 and Table 11 for respectively case 3 and 2. Load case 1 gives lower results than case 3 and especially load case 2, therefore these results are omitted here.
	Permutation No.
	Translation Acc. Signs
	Rotational Acc. Signs
	Von Mises Shell
	Von Mises Shell
	Von Mises Volume
	Displacement
	Constrain Force
	Constrain Force

	 
	m=minus 
	 
	Z1
	Z2
	Nonlayered
	Magnitude
	Magnitude
	X-comp.

	 
	p=plus 
	 
	[MPa]
	[MPa]
	[MPa]
	[mm]
	[N]
	[N]

	1
	Mpp
	ppp
	6,37
	7,26
	1,21
	0,03
	225
	171

	2
	 
	mmm
	6,22
	6,81
	1,51
	0,05
	184
	145

	3
	 
	ppm
	5,62
	5,91
	1,47
	0,05
	200
	138

	4
	 
	pmp
	7,01
	7,38
	1,65
	0,05
	247
	194

	5
	 
	mpp
	6,85
	7,58
	1,60
	0,03
	199
	155

	6
	 
	mmp
	6,77
	7,50
	1,48
	0,05
	221
	178

	7
	 
	mpm
	6,31
	6,89
	1,12
	0,03
	163
	122

	8
	 
	pmm
	5,87
	6,49
	1,51
	0,05
	210
	161

	9
	 
	ppp
	6,11
	5,90
	1,04
	0,02
	154
	116

	10
	Mmp
	mmm
	6,68
	7,02
	1,06
	0,05
	234
	186

	11
	 
	ppm
	6,67
	6,51
	1,47
	0,03
	188
	147

	12
	 
	pmp
	6,05
	5,89
	1,56
	0,05
	176
	139

	13
	 
	mpp
	8,62
	9,06
	2,43
	0,05
	291
	247

	14
	 
	mmp
	5,62
	5,91
	1,47
	0,05
	200
	154

	15
	 
	mpm
	6,22
	6,25
	1,17
	0,03
	212
	162

	16
	 
	pmm
	6,60
	6,50
	1,41
	0,05
	211
	170

	17
	Ppp
	ppp
	5,90
	6,43
	3,07
	0,03
	147
	-128

	18
	 
	mmm
	6,19
	5,99
	3,06
	0,04
	152
	-131

	19
	 
	ppm
	5,52
	5,76
	3,54
	0,03
	134
	-122

	20
	 
	pmp
	6,21
	6,33
	3,20
	0,04
	158
	-140

	21
	 
	mpp
	6,40
	6,76
	3,21
	0,03
	172
	-148

	22
	 
	mmp
	6,31
	6,66
	3,40
	0,04
	183
	-160

	23
	 
	mpm
	5,86
	6,10
	2,92
	0,03
	141
	-119

	24
	 
	pmm
	6,20
	5,66
	3,68
	0,04
	144
	-134

	25
	Pmp
	ppp
	5,61
	5,62
	3,21
	0,03
	150
	-126

	26
	 
	mmm
	6,26
	6,02
	3,20
	0,04
	166
	-146

	27
	 
	ppm
	6,14
	6,26
	3,68
	0,03
	182
	-156

	28
	 
	pmp
	6,21
	5,67
	3,34
	0,04
	160
	-137

	29
	 
	mpp
	5,55
	5,25
	3,08
	0,03
	124
	-114

	30
	 
	mmp
	6,23
	5,33
	3,27
	0,04
	135
	-126

	31
	 
	mpm
	5,68
	5,93
	3,06
	0,03
	156
	-135

	32
	 
	pmm
	6,25
	6,35
	3,82
	0,04
	192
	-168

	1
	Ppm
	ppp
	6,68
	7,02
	1,06
	0,05
	234
	-186

	2
	 
	mmm
	6,11
	5,90
	1,04
	0,02
	154
	-116

	3
	 
	ppm
	5,62
	5,91
	1,47
	0,05
	200
	-154

	Max
	 
	 
	8,62
	9,06
	3,82
	0,05
	291
	247

	Min
	 
	 
	5,52
	5,25
	1,04
	0,02
	124
	-186


Table 10. Results for the combined quasi static and random loads –load case 3.
	Permutation No.
	Translation Acc. Signs
	Rotational Acc. Signs
	Von Mises Shell
	Von Mises Shell
	Von Mises Volume
	Displacement
	Constrain Force
	Constrain Force

	 
	 
	 
	Z1
	Z2
	Nonlayered
	Magnitude
	Magnitude
	X-comp.

	 
	 
	 
	[MPa]
	[MPa]
	[MPa]
	[mm]
	[N]
	[N]

	1
	mpp
	ppp
	27,80
	29,70
	3,33
	0,08
	414
	237

	2
	 
	mmm
	27,70
	29,20
	3,43
	0,08
	377
	211

	3
	 
	ppm
	27,30
	29,00
	3,26
	0,07
	382
	204

	4
	 
	pmp
	27,70
	29,60
	3,33
	0,09
	431
	261

	5
	 
	mpp
	28,30
	30,00
	3,49
	0,08
	392
	221

	6
	 
	mmp
	28,20
	29,90
	3,49
	0,09
	409
	245

	7
	 
	mpm
	27,80
	29,30
	3,43
	0,08
	361
	188

	8
	 
	pmm
	27,20
	28,90
	3,26
	0,09
	399
	227

	9
	 
	ppp
	26,90
	27,70
	3,46
	0,08
	348
	187

	10
	mmp
	mmm
	27,00
	28,00
	3,34
	0,09
	416
	256

	11
	 
	ppm
	27,40
	28,40
	3,53
	0,08
	377
	218

	12
	 
	pmp
	27,00
	27,80
	3,45
	0,09
	365
	210

	13
	 
	mpp
	26,40
	27,40
	3,29
	0,08
	368
	202

	14
	 
	mmp
	26,40
	27,50
	3,27
	0,09
	385
	225

	15
	 
	mpm
	26,90
	28,10
	3,36
	0,08
	397
	233

	16
	 
	pmm
	27,50
	28,50
	3,52
	0,09
	395
	241

	17
	ppp
	ppp
	27,70
	29,40
	3,38
	0,08
	363
	-187

	18
	 
	mmm
	27,50
	28,90
	3,48
	0,08
	329
	151

	19
	 
	ppm
	27,10
	28,70
	3,31
	0,07
	335
	-156

	20
	 
	pmp
	27,60
	29,30
	3,38
	0,09
	378
	200

	21
	 
	mpp
	28,20
	29,70
	3,55
	0,08
	343
	-172

	22
	 
	mmp
	28,10
	29,60
	3,55
	0,09
	358
	184

	23
	 
	mpm
	27,60
	29,00
	3,48
	0,07
	315
	-141

	24
	 
	pmm
	27,00
	28,60
	3,31
	0,08
	349
	167

	25
	pmp
	ppp
	27,00
	28,00
	3,55
	0,08
	304
	-140

	26
	 
	mmm
	27,10
	28,40
	3,43
	0,09
	366
	199

	27
	 
	ppm
	27,60
	28,70
	3,62
	0,08
	330
	-173

	28
	 
	pmp
	27,10
	28,10
	3,54
	0,08
	319
	153

	29
	 
	mpp
	26,50
	27,70
	3,38
	0,08
	322
	-156

	30
	 
	mmp
	26,60
	27,80
	3,36
	0,08
	337
	168

	31
	 
	mpm
	27,00
	28,30
	3,45
	0,08
	349
	-189

	32
	 
	pmm
	27,60
	28,80
	3,61
	0,09
	346
	184

	1
	ppm
	ppp
	27,00
	28,20
	3,34
	0,09
	416
	-256

	2
	 
	mmm
	26,90
	27,70
	3,46
	0,08
	348
	-187

	3
	 
	ppm
	26,40
	27,50
	3,27
	0,09
	385
	-225

	Max
	 
	 
	28,30
	30,00
	3,62
	0,09
	431
	261

	Min
	 
	 
	26,40
	27,40
	3,26
	0,07
	304
	-256


Table 11. Results for the combined quasi static and random loads – load case 2.
The highest stress values are here in a similar way as shown in upper left picture in Figure 29 highly concentrated around the constrained points and in the zone between the body of the box and the leg ribs. The rib thickness of 1.5 mm in these zones could be revised. The greatest deflection (of the order of 0,1 mm) take place on the upper edge of the thin radiator at the point between the ribs. This deflection is minimized by the stiffening of radiator’s upper edge with a horizontal rib, that also could act as the rounding of the sharp edge.
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Figure 33. Von Mises stresses in the shell elements of the DPU-box covers and frame under the combined quasi-static and random load.
The maximum stress values from the 
Table 10
 were used for the calculation of the Margin of Safety. The MMIA DPU-box’s mechanical parts can be manufactured of i.e. AA6063-T6 alloy with the properties corresponding to the A-basis allowables according to [AD3] as specified in [RD3] and shown in Table 12.
	
	
	Material Name
	Ultimate Tensile Strength
	Proof Stress (0,2%)

	
	
	 
	[MPa]
	[MPa]

	
	
	AA7075
	400
	340

	
	
	AA6063
	155
	90


Table 12. Min. strength properties of the chosen Al-alloys.
	
	
	Highest stress value
	Yield FS
	Ultimate FS
	MSu
	MSy

	
	
	[MPa]
	 
	 
	 
	 

	
	
	30
	1,25
	2
	1,58
	1,40

	
	
	28,3
	1,25
	2
	1,74
	1,54

	
	
	9,1
	1,25
	2
	7,52
	6,91

	
	
	8,62
	1,25
	2
	7,99
	7,35


Table 13. Ultimate and Yield Margin of Safety for the highest stress values in combined load case 3 and 2.
The 
Table 13
 shows that the Ultimate Margin of Safety and the Yield MS are all positive with confident margin. The spot with highest stresses is, as mentioned earlier, on the 1.5 mm thick ribs of DPU-box legs in the area of stiffness change between the box body and the box supports. The max tensile stresses are less than 30 percent of the ultimate tensile strength for AA6063 alloy, that should allow these parts to be characterized as low risk items according to [RD4].
4.7 MMIA#3 Sensor Unit Dynamic Behaviour


· 
· 
The dynamic behaviour of the MMIA#3 Optical Assembly was first tested with the help of the FEM model where the CHUs and Photometers were represented as lumped masses in their respective COG positions given by the original CAD drawings. The Lumped Point Mass elements take also into consideration the Moments of Inertia of the instruments obtained from CAD drawings. 
The model consists of two main parts

· Optical Assembly and

· Support Structure.

Optical Assembly in its turn consists of the optical bench and the CHU + Photometer instruments. 

The FEM model of the MMIA#3 SU is build out of 8596 nodes, 10093 elements and 35 MPCs, see Figure 34. The Optical Bench model is mainly build up of the Quad 4 shell elements while Support Structure is mainly build of the beam elements with the U cross section of 20 x 20 x t=2/2.5 mm. The bolts are represented by the lumped point masses and by the MPCs. The SS is constrained (T1=T2=T3=0) in 6 x 2 nodes at the bottom beams at the points corresponding to bolts fastening the SS to the CEPA. The material properties employed in this model correspond to the Aluminium as specified in Table 2 with exception that density value employed here is 2710 kg/m^3.
The thickness distribution in the OB is shown in Figure 35. 
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Figure 34.  FEM model of the MMIA#3 Sensor Unit.
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Figure 35. Thickness distribution in the FEM model of the MMIA#3 Optical Bench.
4.7.1 MMIA Optical Assembly Stand Alone dynamic behaviour.
4.7.2 To better understand the behaviour of the SU it would be beneficial in the first place to look at the OA alone, see Figure 36. 
4.7.3 [image: image85.jpg]Patran 2010.2.3 (MD Enabled) 22-Sep-11 17:10:01

Fringe: OB1. A22:Mode 1 : Freq. = 271 03,

genvectors, Translational. Magnitude. (NON-LAYERED)

7.44-001

6.956-001

6.46-001

5.96-001

5.46-001

4.96-001

4.47-001

3.97-001

3.47-001

2.98-001

2.48-001

1.99-001

1.49-001

9.93-002]

4.96-002]
0



[image: image86.jpg]Patran 2010.2.3 (MD Enabled) 22-Sep-11 17:11:01 7.83-001

Fringe: OB1. A22:Mode 2 : Freq. = 305 5g.Figenvectors, Translational. Magnitude. (NON—LAYERED)7 31-001
| 6.79-001

6.27-0014

5.74-001—

5.22-0014

4.70-001

4.18-00188

3.66-001

3.13-001

2.61-001

09-001

157-001

1.04-001

5.22-002]
0




4.7.4 [image: image87.jpg]Patran 2010.2.3 (MD Enabled) 22-Sep-11 17:11:22
Fringe: OB1. A22:Mode 3 : Freq. = 395486, Figenvectors. Translational. Magnitude, (NON-LAYERED)

5.82-001
5.44-001
5.06-001
4.66-001
4.27-001
3.88-001
3.49-001
3.11-001
2.72-001
2.33-001
1.94-001

§1 55-001

~ 116001

7.76-002]

3.88-002]
0




[image: image88.jpg]Patran 2010.2.3 (MD Enabled) 22-Sep-11 17:11:44

Fringe: OB1. A22:Mode 4 : Freq. = 500 88. Eigenvectors. Translational. Magnitude. (NON-LAYERED)

852-001
7.96-001
7.38-001
6.81-001
6.26-001
5.68-001
5.11-001
454-001
3.98-001
3.41-001
\ 2.84-001

;2 27-001

1.70-001

1.14-001

5.68-002]
0





4.7.5 [image: image89.jpg]Patran 2010.2.3 (MD Enabled) 22-Sep-11 17:12:06 1.38+000]
Fringe: OB1. A22:Mode b : Freq. = 538.17, Eigenvectors, Translational. Magnitude. (NON—LAYERED)1 204000
1.20+000f
1.11+000f
1.02+000f
9.23-001
8.31-001

7.39-001

6.46-001

5.54-001
| 4.62-001
]
§269-001

2.77-001

1.86-001

z & y 9.23-002)
0




[image: image90.jpg]Patran 2010.2.3 (MD Enabled) 22-Sep-11 17:12:23 2.44+000)

Fringe: OB1. A22:Mode 6 : Freq. = 580 57, Eigenvectors, Translational. Magnitude. (NON'LAYERED)Q 28+000)
%

- 2.11+000)
1.95+000)
1.79+000)
1.63+000)
1.46+000)
1.80+000)

| 1.14+000f
9.76-001
8.13-001
6.50-001
488-001
326001

z X 168-001
) 0





4.7.6 Figure 36. First six vibration modes for the OA supported in the bottom of side plates.
4.7.7 The most important observation is that the lowest eigen frequency for OA alone is over 270 Hz. The picture in Figure 36 illustrates typical feature and document relatively high and quickly rising eigen frequency of the consecutive modes.













Support Structure and MMIA#3 OB dynamic behaviour
	
	MODE
	Eigen Frequency
	X nastran
	Y nastran
	Z nastran
	Rx nastran
	Ry nastran
	Rz nastran

	
	NO.
	 
	Fraction
	Fraction
	Fraction
	Fraction
	Fraction
	Fraction

	
	 
	[Hz]
	[Pct.]
	[Pct.]
	[Pct.]
	[Pct.]
	[Pct.]
	[Pct.]

	
	1
	146
	81,1%
	1,6%
	0,02%
	0,0%
	0,1%
	0,34%

	
	2
	168
	0,1%
	0,5%
	71,09%
	0,0%
	0,4%
	0,01%

	
	3
	265
	1,7%
	0,0%
	0,00%
	0,0%
	0,3%
	10,98%

	
	4
	358
	2,3%
	0,4%
	0,00%
	0,0%
	0,9%
	10,20%

	
	5
	362
	0,3%
	1,0%
	0,39%
	1,4%
	55,3%
	1,09%

	
	6
	381
	1,3%
	15,4%
	6,67%
	13,3%
	1,4%
	1,66%

	
	7
	394
	2,9%
	27,7%
	4,28%
	6,5%
	0,3%
	5,28%

	
	8
	412
	0,0%
	0,4%
	1,06%
	9,9%
	0,0%
	0,04%

	
	9
	429
	0,0%
	11,9%
	0,03%
	0,1%
	0,0%
	1,89%

	
	10
	447
	0,0%
	0,5%
	1,66%
	0,2%
	0,3%
	0,00%

	
	11
	448
	0,1%
	7,7%
	0,89%
	0,5%
	0,1%
	0,04%

	
	12
	500
	0,0%
	1,8%
	0,06%
	0,7%
	0,0%
	0,02%

	
	13
	502
	0,0%
	3,1%
	0,01%
	0,1%
	0,1%
	0,38%

	
	14
	560
	2,0%
	0,9%
	0,00%
	0,0%
	0,2%
	12,18%

	
	15
	567
	0,2%
	0,2%
	0,00%
	0,0%
	3,4%
	0,65%

	
	16
	617
	0,1%
	0,1%
	1,67%
	4,2%
	1,1%
	0,34%

	
	17
	653
	3,7%
	3,3%
	0,14%
	0,4%
	0,0%
	21,32%

	
	18
	742
	0,0%
	0,0%
	0,00%
	0,0%
	0,4%
	0,14%

	
	19
	747
	0,0%
	0,0%
	0,00%
	0,0%
	0,2%
	0,01%

	
	20
	754
	0,3%
	0,3%
	0,40%
	0,2%
	9,8%
	1,05%


Table 14. First 20 eigen frequencies and effective modal participation mass fractions for MMIA#3-SU.

Above Table 14 shows lowest 20 modes for the MMIA#3-Sensor Unit. The lowest eigen frequency for the combined unit OA and SS is far less than the stand alone OA eigen frequency. In Figure 37 we compiled the first 10 modes to better illustrate the content of the Table 14. Observe that the beam elements of SS are presented as simple lines in the the result’s display and not in their full 3D span view as in Figure 34. Full 3D span presentation is not possible here. The colours in Figure 37 illustrate the relative translational displacement. In many modes we observe resonance oscillations in only very little portions of the whole structure. The resonance oscillation of the SS beams is difficult to observe in the enclosed pictures but it is a case in mode 3, 4, 7, 8, 9 and also in mode 10. The radiator plates on SS resonate in modes 3, 7 and 9. The radiator part of the OB is resonating in mode 5 and 6.
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Figure 37. First 10 eigen modes of MMIA#3 –SU.
The results presented in Figure 37 show that at the lowest eigen frequency the OA is behaving like the stiff object. During the second mode we observe small deformation in OB central plate forced by the oscillation of the SS. First at the frequencies above 350Hz, in mode 5 and 6, the OA is showing more profound internal resonance. 
Summarizing: the first eigen frequency is over 100 Hz so the requirements of the (AD1) SYS-HSS-3.5-45 are fully fulfilled as far as the verification of the equipment inside the HTV unpressurized cargo bay to sinusoidal vibration environment is concerned.
Random Vibration on MMIA#3 Optical Assembly and Support Structure.
According to (AD1) SYS-HSS-3.5-46 the payload had to withstand without any degradation the random vibration environment as described in Table 15 below.
The Table 15 random level requirements were substituted by the ASIM System Level Requirements formulated as given in Table 16 and Table 17.
	Input
	Input PSD

	Freq
	[g2/Hz]

	20
	0.000444

	80
	0.0178

	400
	0.0178

	2000
	0.00267


Table 15: Original PSD requirements according to RD??
	
	Frequency
	PSD
	ΔPSD

	
	[Hz]
	[g^/Hz]
	[dB/oct]

	
	20
	 
	 

	
	 
	 
	8,55

	
	45
	0,1
	 

	
	55
	0,1
	 

	
	 
	 
	-7,36

	
	80
	0,04
	 

	
	350
	0,04
	 

	
	 
	 
	-3,00

	
	2000
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Table 16. System Level PSD for MMIA-SU in X asim direction
	
	Frequency
	PSD
	ΔPSD

	
	[Hz]
	[g^/Hz]
	[dB/oct]

	
	20
	 
	 

	
	 
	 
	3,00

	
	80
	0,04
	 

	
	350
	0,04
	 

	
	 
	 
	-3,00

	
	2000
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Table 17. System Level PSD for MMIA-SU in Yasim and Zasim direction
The above PSD levels were used to calculate RVLF level according to the Miles formula assuming Q=10. The RVLF levels were subsequently corrected by the participation mass factors for the coordinate system axis involved. Table 18 shows the R1, R2 and R3 results in g units.
	Mode Nr.
	Frequency
	Participation Fraction in direction
	 
	 
	 
	 
	RVLF*PF
	RVLF*PF
	RVLF*PF

	 
	[Hz]
	Xnast
	Ynast
	Znast
	PSD
	RVLF
	Xnast
	Ynast
	Znast

	1
	146
	81,10%
	1,60%
	0,02%
	0,040
	28,7
	23,3
	0,5
	0,0

	2
	168
	0,10%
	0,50%
	71,09%
	0,040
	30,8
	0,0
	0,2
	21,9

	3
	265
	1,70%
	0,00%
	0,00%
	0,040
	38,7
	0,7
	0,0
	0,0

	4
	358
	2,30%
	0,40%
	0,00%
	0,040
	45,0
	1,0
	0,2
	0,0

	5
	362
	0,30%
	1,00%
	0,39%
	0,039
	44,5
	0,1
	0,4
	0,2

	6
	381
	1,30%
	15,40%
	6,67%
	0,037
	44,5
	0,6
	6,9
	3,0

	7
	394
	2,90%
	27,70%
	4,28%
	0,036
	44,5
	1,3
	12,3
	1,9

	8
	412
	0,00%
	0,40%
	1,06%
	0,034
	44,5
	0,0
	0,2
	0,5

	9
	429
	0,00%
	11,90%
	0,03%
	0,033
	44,5
	0,0
	5,3
	0,0

	10
	447
	0,00%
	0,50%
	1,66%
	0,031
	44,5
	0,0
	0,2
	0,7

	11
	448
	0,10%
	7,70%
	0,89%
	0,031
	44,5
	0,0
	3,4
	0,4

	12
	500
	0,00%
	1,80%
	0,06%
	0,028
	44,5
	0,0
	0,8
	0,0

	13
	502
	0,00%
	3,10%
	0,01%
	0,028
	44,5
	0,0
	1,4
	0,0

	14
	560
	2,00%
	0,90%
	0,00%
	0,025
	44,5
	0,9
	0,4
	0,0

	15
	567
	0,20%
	0,20%
	0,00%
	0,025
	44,5
	0,1
	0,1
	0,0

	16
	617
	0,10%
	0,10%
	1,67%
	0,023
	44,5
	0,0
	0,0
	0,7

	17
	653
	3,70%
	3,30%
	0,14%
	0,021
	44,5
	1,6
	1,5
	0,1

	18
	742
	0,00%
	0,00%
	0,00%
	0,019
	44,5
	0,0
	0,0
	0,0

	19
	747
	0,00%
	0,00%
	0,00%
	0,019
	44,5
	0,0
	0,0
	0,0

	20
	754
	0,30%
	0,30%
	0,40%
	0,019
	44,5
	0,1
	0,1
	0,2

	
	
	
	
	
	Total
	 
	29,9
	33,9
	29,6


Table 18. Random Vibration Load Factors in g for the three coordinate axes.

Combining this random load numbers with the quasi static loads as specified in Table 4 according to the formulas given in  we find the highest inertial loads in all three directions. 
	
	Xsu-nastran
	Zsu-nastran
	Ysu-nastran
	 

	
	X-EP
	Y-EP
	Z-EP
	Units

	
	(T1^2+R1^2)^½
	(T2^2+R2^2)^½
	1.8±[(T3-1.8)^2+R3^2]^½
	 

	
	30,33
	30,05
	36,99
	[g]

	
	297,52
	294,81
	362,91
	[m/sec^2]


Table 19. Combined random and quasi-static inertial load for MMIA-SU.

The correct load case specification is given in 
Table 8
, we have reduced the 3 cases to one choosing the highest values from each of the cases in order to reduce the overall number of sign permutations.
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	Xsu-nastr
	Ysu-nastr
	Zsu-nastr
	XRsu
	YRsu
	ZRsu

	 
	 
	[m/sec^2]
	[m/sec^2]
	[m/sec^2]
	[rad/sec^2]
	[rad/sec^2]
	[rad/sec^2]

	Case No
	Permutation
	297,5
	363
	295
	30
	30
	30

	1
	mmm-mmm
	 -
	 -
	 -
	 -
	 -
	 -

	2
	mmm-mmp
	 -
	 -
	 -
	 -
	 -
	 +

	3
	mmm-mpm
	 -
	 -
	 -
	 -
	 +
	 -

	4
	mmm-mpp
	 -
	 -
	 -
	 -
	 +
	 +

	5
	mmm-pmm
	 -
	 -
	 -
	 +
	 - 
	 -

	6
	mmm-pmp
	 -
	 -
	 -
	 +
	 -
	 +

	7
	mmm-ppm
	 -
	 -
	 -
	 +
	 +
	 -

	8
	mmm-ppp
	 -
	 -
	 -
	 +
	 +
	 +

	9
	mmp-mmm
	 -
	 -
	 +
	 -
	 -
	 -

	10
	mmp-mmp
	 -
	 -
	 +
	 -
	 -
	 +

	11
	mmp-mpm
	 -
	 -
	 +
	 -
	 +
	 -

	12
	mmp-mpp
	 -
	 -
	 +
	 -
	 +
	 +

	13
	mmp-pmm
	 -
	 -
	 +
	 +
	 - 
	 -

	14
	mmp-pmp
	 -
	 -
	 +
	 +
	 -
	 +

	15
	mmp-ppm
	 -
	 -
	 +
	 +
	 +
	 -

	16
	mmp-ppp
	 -
	 -
	 +
	 +
	 +
	 +

	17
	mpm-mmm
	 -
	 +
	 -
	 -
	 -
	 -

	18
	mpm-mmp
	 -
	 +
	 -
	 -
	 -
	 +

	19
	mpm-mpm
	 -
	 +
	 -
	 -
	 +
	 -

	20
	mpm-mpp
	 -
	 +
	 -
	 -
	 +
	 +

	21
	mpm-pmm
	 -
	 +
	 -
	 +
	 - 
	 -

	22
	mpm-pmp
	 -
	 +
	 -
	 +
	 -
	 +

	23
	mpm-ppm
	 -
	 +
	 -
	 +
	 +
	 -

	24
	mpm-ppp
	 -
	 +
	 -
	 +
	 +
	 +

	25
	mpp-mmm
	 -
	 +
	 +
	 -
	 -
	 -

	26
	mpp-mmp
	 -
	 +
	 +
	 -
	 -
	 +

	27
	mpp-mpm
	 -
	 +
	 +
	 -
	 +
	 -

	28
	mpp-mpp
	 -
	 +
	 +
	 -
	 +
	 +

	29
	mpp-pmm
	 -
	 +
	 +
	 +
	 - 
	 -

	30
	mpp-pmp
	 -
	 +
	 +
	 +
	 -
	 +

	31
	mpp-ppm
	 -
	 +
	 +
	 +
	 +
	 -

	32
	mpp-ppp
	 -
	 +
	 +
	 +
	 +
	 +

	33
	pmm-mmm
	 +
	 -
	 -
	 -
	 -
	 -

	34
	pmm-mmp
	 +
	 -
	 -
	 -
	 -
	 +

	35
	pmm-mpm
	 +
	 -
	 -
	 -
	 +
	 -

	36
	pmm-mpp
	 +
	 -
	 -
	 -
	 +
	 +

	37
	pmm-pmm
	 +
	 -
	 -
	 +
	 - 
	 -

	38
	pmm-pmp
	 +
	 -
	 -
	 +
	 -
	 +

	39
	pmm-ppm
	 +
	 -
	 -
	 +
	 +
	 -

	40
	pmm-ppp
	 +
	 -
	 -
	 +
	 +
	 +

	41
	pmp-mmm
	 +
	 -
	 +
	 -
	 -
	 -

	42
	pmp-mmp
	 +
	 -
	 +
	 -
	 -
	 +

	43
	pmp-mpm
	 +
	 -
	 +
	 -
	 +
	 -

	44
	pmp-mpp
	 +
	 -
	 +
	 -
	 +
	 +

	45
	pmp-pmm
	 +
	 -
	 +
	 +
	 - 
	 -

	46
	pmp-pmp
	 +
	 -
	 +
	 +
	 -
	 +

	47
	pmp-ppm
	 +
	 -
	 +
	 +
	 +
	 -

	48
	pmp-ppp
	 +
	 -
	 +
	 +
	 +
	 +

	49
	ppm-mmm
	 +
	 +
	 -
	 -
	 -
	 -

	50
	ppm-mmp
	 +
	 +
	 -
	 -
	 -
	 +

	51
	ppm-mpm
	 +
	 +
	 -
	 -
	 +
	 -

	52
	ppm-mpp
	 +
	 +
	 -
	 -
	 +
	 +

	53
	ppm-pmm
	 +
	 +
	 -
	 +
	 - 
	 -

	54
	ppm-pmp
	 +
	 +
	 -
	 +
	 -
	 +

	55
	ppm-ppm
	 +
	 +
	 -
	 +
	 +
	 -

	56
	ppm-ppp
	 +
	 +
	 -
	 +
	 +
	 +

	57
	ppp-mmm
	 +
	 +
	 +
	 -
	 -
	 -

	58
	ppp-mmp
	 +
	 +
	 +
	 -
	 -
	 +

	59
	ppp-mpm
	 +
	 +
	 +
	 -
	 +
	 -

	60
	ppp-mpp
	 +
	 +
	 +
	 -
	 +
	 +

	61
	ppp-pmm
	 +
	 +
	 +
	 +
	 - 
	 -

	62
	ppp-pmp
	 +
	 +
	 +
	 +
	 -
	 +

	63
	ppp-ppm
	 +
	 +
	 +
	 +
	 +
	 -

	64
	ppp-ppp
	 +
	 +
	 +
	 +
	 +
	 +


Table 20. The list of 64 sign permutation cases of inertial translational and rotational load analysed as the boundary condition for the MMIA-SU.

The maximum results out of the above named 64 cases are compiled in 

	
	Case No
	Permutation
	Bar Axial
	Bar Bending
	Bar Combined
	Constrain Force Magnitude
	Constrain Force Y-comp.
	Diplacement
	Shell Von Mises Max

	
	 
	 
	[MPa]
	[MPa]
	[MPa]
	[N]
	[N]
	[mm]
	[MPa]

	
	23
	mpm-ppm
	15,7
	 
	 
	 
	 
	 
	 

	
	25, 38, 40
	 
	 
	13,6
	 
	 
	 
	 
	 

	
	25
	mpp-mmm
	 
	 
	36,7
	 
	 
	 
	 

	
	11
	mmp-mpm
	 
	 
	 
	8460
	 
	 
	 

	
	11
	mmp-mpm
	 
	 
	 
	 
	8008
	 
	 

	
	19, 46
	 
	 
	 
	 
	 
	 
	0,725
	 

	
	45
	pmp-pmm
	 
	 
	 
	 
	 
	 
	46


Table 20. Max. results obtained during inertial load analysis of MMIA-SU.
The position of the maximum shell stresses and combined bar stresses is shown in .Figure 38. 
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Figure 38. The max Von Mises stresses in shell (left) and bar elements (right) during inertial load in MMIA SU. 
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4.10 Margin of Safety 

4.11 The above obtained results give following Margin of Safety for the A-basis material properties of Aluminium alloy AA6063, and AA7075 (see Table 12) as specified by [AD3].
	
	Highest stress value
	Yield FS
	Ultimate FS
	MSu
	MSy

	
	[MPa]
	 
	 
	 
	 

	
	37
	1,25
	2
	1,09
	0,95

	
	46
	1,25
	2
	0,68
	0,57

	
	37
	1,25
	2
	4,41
	6,35

	
	46
	1,25
	2
	3,35
	4,91


4.12 Table 21. Margin of Safety for the MMIA-SU’s SS and OB with respect to AA6063 (upper two lines) and AA7075 aluminium alloy (lower two lines).
4.13 We observe the relatively confident MS both with respect to the ultimate and yield strength with the FS corresponding to the “analysis only” values as specified for the Shuttle in [AD3] for both materials. The stresses in the SS and OB fulfil also the criteria of [RD4]’s Para 6.3.5 for low-risk fracture items for both materials also the 46 MPa come close to 30% of 155 MPa for AA6063. Therefore we will propose to manufacture the parts of OB out of AA 7075 alloy. 
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5 Conclusion

We have presented the design of the MMIA#3 instrument main structural components at its development stage just before the PDR of phase C. 
The analysis have shown that the proposed design of the Optical Bench and the Support Structure as well as the mechanical parts of the DPU box fulfils the quasi static and dynamic requirements of the launch and that the stresses involved during these loads give the Margin of Safety with a convenient security margin. 
Further design and analysis refinement are required and in progress.
Annex A – Model Checks

DPU-Model RBM check

Rigid Body Modes, modal effective mass fractions and frequency ratio with respect to the first constrained frequency are given in Table 22 and Table 23.
	MODE
	FREQUENCY
	T1
	T2
	T3
	R1
	R2
	R3

	NO,
	 
	FRACTION
	FRACTION
	FRACTION
	FRACTION
	FRACTION
	FRACTION

	 
	[Hz]
	 
	 
	 
	 
	 
	 

	1
	0,001
	0,5%
	97,7%
	1,8%
	3,4%
	0,1%
	0,3%

	2
	0,001
	0,4%
	1,7%
	98,0%
	0,0%
	0,6%
	0,0%

	3
	0,001
	99,1%
	0,6%
	0,3%
	0,0%
	6,0%
	0,1%

	4
	0,722
	0,0%
	0,0%
	0,0%
	92,1%
	5,5%
	0,1%

	5
	2,635
	0,0%
	0,0%
	0,0%
	4,5%
	87,9%
	0,1%

	6
	10,032
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	99,4%

	7
	316,697
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%

	8
	372,402
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%

	9
	400,392
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%

	10
	420,524
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%


Table 22. DPU box FEM RBM frequency and modal eff. Mass fractions
	
	MODE
	FREQUENCY
	Frq. Ratio

	
	NO,
	 
	 

	
	 
	[Hz]
	 

	
	1
	0,001
	0,0001

	
	2
	0,001
	0,0001

	
	3
	0,001
	0,0001

	
	4
	0,722
	0,0720

	
	5
	2,635
	0,2627

	
	6
	10,032
	1,0000

	
	7
	316,697
	31,5698

	
	8
	372,402
	37,1227

	
	9
	400,392
	39,9130

	
	10
	420,524
	41,9198


Table 23. DPU-box RBM frequency ratio the with respect to the first not RBM frequency.
We observe that the rotational frequencies are not fulfilling the [AD3] demand of value near zero. The three translational frequencies do fulfil the check requirement.

DPU-Model mass check. 
MD Patran 2010.2.3

File: F:\ASIM-FEM\PhaseC\DPU\DPU_gws.db

Date: 12-Oct-11

Time: 15:56:49

Scalar Properties:

         Volume           Mass

       0.001193       3.198202

Center of Gravity in Coordinate Frame:

   Comp.   Ref. Cartes.        Frame 0

       X       0.006991       0.006991

       Y       0.003331       0.003331

       Z       0.018498       0.018498

Principal Inertia Quantities:

   Pr. Inertias   Rad. of Gyr.

       0.044599       0.118089

       0.031678       0.099524

       0.017503       0.073979

Inertia Tensor in Coordinate Frame:

   Comp.   Ref. Cartes.        Frame 0

      XX       0.032923       0.032923

      YY       0.018787       0.018787

      ZZ       0.044642       0.044642

      XY       0.000562       0.000562

      YZ      -0.000497      -0.000497

      ZX       0.000954       0.000954

Inertia Tensor at CG in Coordinate Frame:

   Comp.   Ref. Cartes.        Frame 0

      XX       0.031793       0.031793

      YY       0.017537       0.017537

      ZZ       0.044451       0.044451

      XY       0.000636       0.000636

      YZ      -0.000300      -0.000300

      ZX       0.001368       0.001368

Principal Directions in Reference Cartesian Frame:

       Vector 1       Vector 2       Vector 3

       0.105790       0.993335      -0.045753

      -0.008540       0.046917       0.998862

       0.994352      -0.105279       0.013446

Principal Directions in Frame 0:

       Vector 1       Vector 2       Vector 3

       0.105790       0.993335      -0.045753

      -0.008540       0.046917       0.998862

       0.994352      -0.105279       0.013446

MMIA-SU RBM check
MMIA SU Rigid Body Modes, modal effective mass fractions and frequency ratio with respect to the first constrained frequency are given in Table 24.
	
	Mode
	Frequency
	T1
	T2
	T3
	R1
	R2
	R3
	Ratio

	
	NO,
	 
	Fraction
	Fraction
	Fraction
	Fraction
	Fraction
	Fraction
	 

	
	 
	[Hz]
	 
	 
	 
	 
	 
	 
	 

	
	1
	0,0002
	70,4%
	0,2%
	0,0%
	0,0%
	6,7%
	0,1%
	0,0000

	
	2
	0,0002
	3,6%
	90,2%
	0,5%
	0,9%
	0,9%
	10,6%
	0,0000

	
	3
	0,0001
	20,6%
	7,4%
	0,7%
	2,8%
	3,9%
	86,9%
	0,0000

	
	4
	0,0000
	0,4%
	0,7%
	28,6%
	95,7%
	2,1%
	1,9%
	0,0000

	
	5
	0,0001
	4,5%
	0,9%
	5,9%
	0,5%
	78,1%
	0,4%
	0,0000

	
	6
	0,0003
	0,5%
	0,7%
	64,1%
	0,0%
	8,2%
	0,0%
	0,0000

	
	7
	106,1880
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	1,0000

	
	8
	243,9279
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	2,2971

	
	9
	320,7345
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	3,0204

	
	10
	350,9675
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%
	3,3052


Table 24. MMIA-SU RBM frequency and modal eff. Mass fractions and frequency ratio.

All first 6 eigen frequencies in RBM of MMIA-SU model fulfil the requirements of Para 6.1.1.2 of [AD3].

MMIA-SU mass check

*                           MASS PROPERTIES REPORT                             

MSC.Patran 2010.2.3

File: F:\ASIM-FEM\PhaseC\MMIA-SU\MMIA-SU-Rad.db

Date: 12-Oct-11

Time: 15:52:44

Scalar Properties:

         Volume           Mass

       0.003159      13.436319

Center of Gravity in Coordinate Frame:

   Comp.   Ref. Cartes.        Frame 0

       X      -0.015363      -0.015363

       Y      -0.156097      -0.156097

       Z      -0.015214      -0.015214

Principal Inertia Quantities:

   Pr. Inertias   Rad. of Gyr.

       0.905807       0.259644

       0.807240       0.245110

       0.332626       0.157340

Inertia Tensor in Coordinate Frame:

   Comp.   Ref. Cartes.        Frame 0

      XX       1.135948       1.135948

      YY       0.346409       0.346409

      ZZ       1.230663       1.230663

      XY      -0.061200      -0.061200

      YZ      -0.088731      -0.088731

      ZX      -0.006053      -0.006053

Inertia Tensor at CG in Coordinate Frame:

   Comp.   Ref. Cartes.        Frame 0

      XX       0.805446       0.805446

      YY       0.340127       0.340127

      ZZ       0.900100       0.900100

      XY      -0.028977      -0.028977

      YZ      -0.056821      -0.056821

      ZX      -0.002913      -0.002913

Principal Directions in Reference Cartesian Frame:

       Vector 1       Vector 2       Vector 3

      -0.000020       0.998108       0.061479

      -0.099944      -0.061173       0.993111

       0.994993      -0.006125       0.099756

Principal Directions in Frame 0:

       Vector 1       Vector 2       Vector 3

      -0.000020       0.998108       0.061479

      -0.099944      -0.061173       0.993111

       0.994993      -0.006125       0.099756
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