Midstar Structural Math Model Requirements Validation

This document contains information required for the Midstar coupled loads analysis (CLA) submission.  The requested information is shown in the bulleted list below.  Each response follows the bullet.

•
Model format (e.g., NASTRAN bulk data, Craig‑Bampton)

The model is in NASTRAN bulk data format under the filename midstar_fem_041006.bdf.  All analysis was performed in MSC NASTRAN 2004.
•
Physical units (mass and length)

The units of the model are slugs and inches (mass and length).
•
Model interfaces (grid point number, geometrical location, output coordinate system, and connecting degrees of freedom)

The model interface grids are at the 24 grid locations specified in Reference 1.  The locations are shown in Table 1.  All Cartesian coordinates are specified in coordinate system 3 (EPL local coordinate system).  The grids are located at the neutral axis of the Midstar bottom panel.  No Lightband model was included in the bulk data file.

Table 1 – Interface grid IDs and locations.

	I/F
	R
	
	YEPL
	ZEPL

	ID
	(in.) 
	(degrees)
	(in.)
	(in.)

	465
	7.125
	22.50
	7.06404
	0.93000

	5
	7.125
	37.50
	5.65264
	4.33743

	7
	7.125
	52.50
	4.33743
	5.65264

	549
	7.125
	67.50
	2.72662
	6.58264

	11
	7.125
	82.50
	0.93000
	7.06404

	193
	7.125
	97.50
	-0.93000
	7.06404

	195
	7.125
	112.50
	-2.72662
	6.58264

	82
	7.125
	127.50
	-4.33743
	5.65264

	84
	7.125
	142.50
	-5.65264
	4.33743

	279
	7.125
	157.50
	-6.58264
	2.72662

	281
	7.125
	172.50
	-7.06404
	0.93000

	283
	7.125
	187.50
	-7.06404
	-0.93000

	285
	7.125
	202.50
	-6.58264
	-2.72662

	365
	7.125
	217.50
	-5.65264
	-4.33743

	174
	7.125
	232.50
	-4.33743
	-5.65264

	369
	7.125
	247.50
	-2.72662
	-6.58264

	371
	7.125
	262.50
	-0.93000
	-7.06404

	373
	7.125
	277.50
	0.93000
	-7.06404

	375
	7.125
	292.50
	2.72662
	-6.58264

	184
	7.125
	307.50
	4.33743
	-5.65264

	457
	7.125
	322.50
	5.65264
	-4.33742

	459
	7.125
	337.50
	6.58264
	-2.72662

	190
	7.125
	352.50
	7.06404
	-0.93000


•
Coordinate systems and orientation relative to the ESPA system

The ESPA class payload (EPL) coordinate system is located at the center of the bottom panel neutral axis (see Figure 1).  The orientation is defined as required in Reference 2.  The coordinate system ID is 3.All grids reference coordinate system 3 (definition and output).
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Figure 1 – Bottom panel (top isometric view) showing EPL local coordinate system.

•
Mass properties (Do not include the Lightband separation system)

Table 2 – Mass and center of mass in EPL coordinate system

	Mass
	Center of Gravity in CSys 3

	Structural   =
	0.466669
	X=
	15.44187
	Y=
	-0.274424
	Z=
	-0.637289

	NonStructural=
	0.203437
	X=
	20.27158
	Y=
	0.371676
	Z=
	0.223659

	Total Mass   =
	0.670106
	X=
	16.90812
	Y=
	-0.078275
	Z=
	-0.375914


Table 3 – Inertias in EPL coordinate system

	Inertias about CSys 3
	Inertias about C.G. in CSys 3

	Ixx =
	33.20434
	Ixy=
	-1.91978
	Ixx =
	33.10554
	Ixy=
	-1.032906

	Iyy =
	280.9664
	Iyz=
	0.387027
	Iyy =
	89.29873
	Iyz=
	0.36731

	Izz =
	279.3591
	Izx=
	-6.555875
	Izz =
	87.78206
	Izx=
	-2.296676


•
Sample control decks

A sample control deck used for the normal modes analysis.

INIT MASTER(S)

ID NormalModes,FEMAP

SOL SEMODES

TIME 9

CEND

  TITLE = NormalModes

  ECHO = NONE

  DISPLACEMENT(PLOT) = ALL

  ESE(PLOT) = ALL

  METHOD = 1

  SPC = 1

  MEFFMASS(PRINT,GRID=0,MEFFM,FRACSUM) = YES

BEGIN BULK

$ ***************************************************************************

$   Written by : FEMAP

$   Version    : 8.30

$   Translator : MSC.Nastran

$   From Model : C:\MidSTAR\FEMOCT072004.MOD

$ ***************************************************************************

$

PARAM,POST,-1

PARAM,OGEOM,NO

PARAM,AUTOSPC,YES

PARAM,K6ROT,1.

PARAM,GRDPNT,0

EIGRL          1                      10       0                    MASS

•
Plots (undeformed, deformed modal)

Figures 2 and 3 contain images of the undeformed finite element model.  Figures 4 through 8 contain plots of the first 5 high modal effective mass modes.  See Table 5 for more information.
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Figure 2 – Bottom isometric view of the assembled finite element model.
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Figure 3 – Side isometric view of the finite element model with no side panels.
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Figure 4 – Mode 1 deformation with strain energy contour.
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Figure 5 – Mode 2 deformation with strain energy contour.
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Figure 6 – Mode 3 deformation with strain energy contour (side panels hidden).
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Figure 7 – Mode 4 deformation with strain energy contour (side panels hidden).
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Figure 8 – Mode 5 deformation with strain energy contour (side panels hidden).

•
Analysis set definition (if applicable)

N/A
•
Constraint set definitions

Each interface node is constrained in DOF 123.  The SPC set ID is 1.

•
Unconstrained and constrained eigenvalue summary tables

Table 4 - Unconstrained eigenvalue summary.

	R E A L   E I G E N V A L U E S

	MODE
	EXTRACTION
	EIGENVALUE
	RADIANS
	CYCLES
	GENERALIZED
	GENERALIZED

	NO.
	ORDER
	 
	 
	 
	MASS
	STIFFNESS

	1
	1
	-4.49E-07
	6.70E-04
	1.07E-04
	1.00E+00
	-4.49E-07

	2
	2
	2.43E-08
	1.56E-04
	2.48E-05
	1.00E+00
	2.43E-08

	3
	3
	3.26E-08
	1.81E-04
	2.87E-05
	1.00E+00
	3.26E-08

	4
	4
	1.77E-07
	4.21E-04
	6.70E-05
	1.00E+00
	1.77E-07

	5
	5
	4.33E-07
	6.58E-04
	1.05E-04
	1.00E+00
	4.33E-07

	6
	6
	5.33E-07
	7.30E-04
	1.16E-04
	1.00E+00
	5.33E-07

	7
	7
	2.10E+05
	4.58E+02
	7.29E+01
	1.00E+00
	2.10E+05

	8
	8
	2.72E+05
	5.21E+02
	8.30E+01
	1.00E+00
	2.72E+05


Table 5 – Constrained eigenvalue summary.

	MODAL EFFECTIVE MASS FRACTION: CONSTRAINED

	MODE NO.
	FREQ (Hz)
	T1
	T2
	T3

	
	
	FRACTION
	SUM
	FRACTION
	SUM
	FRACTION
	SUM

	1
	55.4
	3.90E-04
	3.90E-04
	4.09E-02
	4.09E-02
	6.45E-01
	6.45E-01

	2
	55.6
	5.13E-06
	3.95E-04
	6.45E-01
	6.86E-01
	4.15E-02
	6.87E-01

	3
	67.9
	3.84E-01
	3.84E-01
	7.81E-06
	6.86E-01
	2.54E-04
	6.87E-01

	4
	76.9
	1.74E-01
	5.59E-01
	4.08E-05
	6.86E-01
	5.03E-05
	6.87E-01

	5
	86.0
	9.53E-02
	6.54E-01
	7.56E-06
	6.86E-01
	1.64E-05
	6.87E-01

	6
	91.0
	1.83E-02
	6.72E-01
	1.49E-06
	6.86E-01
	1.09E-04
	6.87E-01

	7
	177.3
	4.46E-05
	6.72E-01
	1.86E-03
	6.87E-01
	1.27E-03
	6.88E-01

	8
	182.6
	1.60E-05
	6.72E-01
	1.54E-03
	6.89E-01
	1.89E-03
	6.90E-01

	9
	196.7
	9.84E-03
	6.82E-01
	9.54E-08
	6.89E-01
	6.00E-03
	6.96E-01

	10
	204.7
	5.53E-07
	6.82E-01
	6.31E-03
	6.95E-01
	1.97E-05
	6.96E-01


•
Verification data

· Demonstration that the model is reasonably free of constraints, as described in Section 3.0 of Reference 1.

· Unit Displacement:  All SPCFORCES less than 1.2E-6 and 1.3E-4 (moments).  All grids displace 1 unit in each direction subcase.

· Free-Free Modal Analysis:  6 Rigid Body Modes below 1.2E-4 Hz (see Table 4).  Passed all Strain Energy checks.

· Gravity check executions, as described in Section 3.0 of Reference 1.

· Unit Gravity:  Newton's Second law obeyed by examining SPCFORCES:  F=ma => 2.589457E+02 = 6.701494E-01 *386.4
· Reduced model verification, as described in Section 3.0 of Reference 1.

N/A
· Mass properties comparison, as described in Section 3.0 of Reference 1.

N/A

· For models used for the final flight verification loads analysis, modal survey test verification (a reference to additional documentation may be provided should the payload developer so desire)

N/A
•
Coupled loads analysis output requests (if applicable)

The following output is requested in addition to the standard output (see Table 6).

Table 5 – List of CLA output requests.

	Item
	Type of Recovery
	Nodes/Element ID’s

	Bottom Shelf (1)
	Acceleration
	559

	Shelf 2
	Acceleration
	2213

	Shelf 3
	Acceleration
	1936

	Shelf 4
	Acceleration
	1659

	Top Shelf (5)
	Acceleration
	1291

	Side Panel +Y
	Acceleration
	408

	Side Panel +Z
	Acceleration
	226

	Box 1
	Acceleration
	2434

	Box 2
	Acceleration
	2435

	Box 3
	Acceleration
	2452

	Box 4
	Acceleration
	2453

	Box 5
	Acceleration
	2454

	Box 6
	Acceleration
	2442

	Box 7
	Acceleration
	2447

	Box 8
	Acceleration
	2448

	Shelf1-Shelf2*
	Relative Displacement
	2213 to 559

	Shelf2-Shelf3*
	Relative Displacement
	1936 to 2213

	Shelf3-Shelf4*
	Relative Displacement
	1659 to1936


*Find relative displacements between shelves if possible.

•
Parameter cards used (if applicable)

PARAM,K6ROT,1. is used for all analyses.

PARAM,AUTOSPC,YES is used for all analyses.

PARAM,WTMASS is NOT required
References

1. M. Sklar. STP-1 Coupled Loads Analysis:  Integrated Payload Stack Structural Math Model Guidelines for Final Design Loads Cycle. Boeing Phantom Works, September 24, 2004.
2. DOD Space Test Program: Secondary Payload Planner’s Guide for Use on the EELV Secondary Payload Adapter. Version 1.0, June 8, 2001.
