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Volume I: Technical Report

1.0 Authorization and Notification

This activity is in response to the effort requested by Glenn Research Center (GRC) to conduct
an independent review of the structural analysis and modeling of the Communications,
Navigation, and Networking re-Configurable Testbed (CoNNeCT) Project Antenna Pointing
Subsystem (APS) Integrated Gimbal Assembly (IGA). The IGA Project has completed its CDR
and the GRC Chief Engineer and the CoNNeCT Chief Engineer requested an independent
assessment to assure the soundness of the modeling and analysis effort. Mr. Sam Hussey (APS
Lead) served as CoNNeCT’s point of contact for the effort. CoNNeCT provided the structural
model and analysis to the NESC team.

The key stakeholders for this assessment include the Mr. Michael Barrett, GRC Chief Engineer;
Ms. Ann Over, GRC CoNNeCT Project Manager; Mr. Glen Horvat, GRC Acting Center Chief
Engineer; and Mr. Jim Free, GRC Director of Spaceflight Projects.
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Submitted by:
Team Signature Page on File — 11/19/10
Dr. lvatury S. Raju Date Dr. Curtis E. Larsen Date

Mr. Joseph W. Pellicciotti Date

Signatories declare the findings and observations compiled in the report are factually based from
data extracted from Program/Project documents, contractor reports, and open literature, and/or
generated from independently conducted tests, analysis, and inspections.
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4.0 Executive Summary

In June 2010, Mr. Michael Barrett, from the Glenn Research Center (GRC) Chief Engineer’s
Office requested an independent review of the structural analysis and modeling of the
Communications, Navigation, and Networking re-Configurable Testbed (CoONNeCT) Project
Antenna Pointing Subsystem (APS) Integrated Gimbal Assembly (IGA). At this time, the IGA
had completed its critical design review (CDR).

The charter of the team was clarified to be a peer review of the NEi-NASTRAN! model of the
APS Antenna, and not a peer review of the design and the analysis that had been completed by
the GRC team for CDR. Thus, only a limited amount of information was provided on the
structural analysis. However, the NASA Engineering and Safety Center (NESC) team had
difficulty separating analysis concerns from modeling issues. The team studied the NASTRAN
model, but did not fully investigate how the model was used by the CONNeCT Project and how
the Project was interpreting the results. The team’s findings, observations, and NESC
recommendations are based on the clarified peer review effort.

The NESC team received the NASTRAN model on July 14, 2010 and performed a review
providing comments and questions to the CoONNeCT Project. These comments ranged from
model-specific concerns and system analyses questions. The prime contractor for this
subsystem, Sierra Nevada Corporation (SNC), provided responses and the team followed up with
a teleconference to address them. Generally, the team was comfortable with the model
developed by SNC. However, due to the lack of information regarding the detailed system
analyses, it was difficult to comment on the adequacy of the design to meet the mission
requirements. A comparison of the hardware build to the model development (i.e., constrained
and released degrees of freedom) was not made in the time available, but it was confirmed with
the Project that this comparison was covered in the CDR.

The model developed by SNC is a good representation of the CONNeCT Antenna IGA. The
responses to the issues raised by the NESC team were adequately answered by SNC. The
contractor is in the process of implementing the team’s suggestions and correcting the identified
model deficiencies. After the model is revised, the new margins of safety (MOS) need to be
evaluated and verified that they are satisfactory.

! NASTRAN is a registered trademark of NASA. NEi is a trademark of NEi software, Inc.
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5.0 Problem Background and Approach

The CoNNeCT will investigate reprogrammable (software defined) radio technology for use
during space exploration missions. This investigation will advance a common, Software Defined
Radio (SDR) architecture standard for future use on long duration space exploration missions.
CoNNeCT will demonstrate communications from the International Space Station (ISS) to the
Tracking and Data Relay Satellite (TDRS) constellation at Ka-band frequency (20 - 30 gigahertz
(GHz)); and Global Positioning Satellite (GPS) signals will be received and processed at current
and future frequencies comparing performance and integrity.

The Mechanical subsystem includes the support structure for mounting of hardware components.
Figure 5.0-17 illustrates the testbed components and Figure 5.0-2 illustrates the APS. All Flight
System components are mounted to the Enclosure, which is attached to the EXPRESS Pallet
Assembly Flight Releasable Attachment Mechanism (EXPA/FRAM) adapter plate. All Flight
System components are mounted inside the Enclosure except for the APS, the 18 inch diameter
dish Ka-Band high gain antenna (HGA), the S-Band medium gain antenna (MGA), the two S-
Band low gain antennas (LGASs), and the L-Band LGA. The APS as shown is mounted off a
structural pedestal. This mounting configuration changed after preliminary design review (PDR)
as discussed further.

KA-BAND HGA
4— S-BAND MGA

RF-SUB-SYSTEM
PLATE ASSEMBLY

L-BAND LGA
(GPS)

THERMOSTATS
CONTROL ASSEMBLY |§

HARRIS SDR

i)
3 B
ANTENNA POINTING
SYSTEM (APS) -
&

HARRIS UP/DN

N =i :
‘ A ’ ;
CONVERTER /\ s sl S-BAND LGA
RAM

ZENITH

AVIONICS

GIMBALS CONTROL
ENCLOSURE

Figure 5.0-1. Testbed mounted onto EXPA AFRAM (Prior to Redesign)

2 All the figures except Figure 6.1-6 were extracted from documentation provided by GRC or SNC.
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Between PDR and CDR, the two axis gimbal assembly was redesigned. The PDR design was
such that the nose axis articulation was 180 degrees to get out of the launch locks and position
the gimbal in its operational range. This generated a potential catastrophic hazard by
illuminating the ISS structure with Ka band radio frequency (RF). The redesign for CDR limited
the nose articulation and implemented hard stops to control the illuminating hazard (see Figure
5.0-3). In addition, the CONNeCT Project adopted the philosophy of Design For Minimum Risk
(DFMR) with zero fault tolerance.

Ka-Band HGA

S-Band
Antenna

Elevation axis
Actuator

Azimuth axis
Actuator

Figure 5.0-2. APS
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Figure 5.0-3. APS Base (Left) and Nose (Right) Range of Motion

The redesign caused the launch loads on the gimbal assembly to increase, resulting in negative
MOS. Restraint modifications and the gimbal mounting scheme were changed and the loads
were reduced into an acceptable range, although with small positive MOS in some cases. Figure
5.0-4 illustrates the restraint mechanism design.

Ka-BandRestraint
hear& Z.

Launch Lock (Qwisnut)

Figure 5.0-4. Gimbal Restraint Mechanism

The result of this redesign activity was the origin of the request from the GRC Chief Engineer’s
Office to the NESC for an independent review of the APS model to verify that the analysis was
sufficiently conservative, and there were not significant deficiencies that could cause negative
MOS or a test/flight anomaly.

6.0 Data Analysis

The NESC team received the CoONNeCT Antenna IGA model from SNC. The model was a NEI-
NASTRAN finite element model (FEM). GRC and SNC independently developed the models.
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SNC performed structural analysis with their model and developed MOS of various components.
In this section, this analysis is presented, first. Then the team’s review of the model is discussed.

6.1 SNC Structural Analysis

The model consists of the IGA major structural components: Base (part number (P/N): 38544),
Arm (P/N: 38553), Biaxial bracket (P/N: 37184), S-band support bracket (P/N: 38558, Bolt
catcher base, Actuators (upper and lower), kinematics pins (also called Launch Restraints or
Kinematic Launch snubbers or Locks — see Figure 5.0-4) and plates, S-band antenna, and Ka-
Band antenna. Figure 6.1-1 shows several views of the NASTRAN model. The FEM was
exercised and free-free vibration verification was performed. Figure 6.1-2 shows the results of
this analysis. As expected, there are six rigid body modes® (modes 1 through 6 with near zero or
zero Eigen values).

Figure 6.1-1. APS NASTRAN Model

%In all NASTRAN runs the T, T2, T3, Ry, Rz, Rs correspond to the translations along and rotations about the three orthogonal coordinates
directions.
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NEiNASTRAN SUBCASE 1

REALL EIGENVALUES

HODE EIGENVALUE RADIANS CTCLES GENERALIZED GENERALIZED ORTHOGOWALITY ERROR

NUMEER MAZS STIFFNESS LO3S MEAZURE
1 0.000000E+00 0.000000E+00 0.000000E+00 1.000000E+00 0.000000E+00 0.000000E+00 5.226306E-18
2 0.000000E+00 0.000000E+00 0.000000E+00 1.000000E+00 0.000000E+00 2.760475E-06 2.799912E-18
3 0.000000E+00 0.000000E+00 0.000000E+00 1.000000E+00 0.000000E+4+00 Z.760475E-06 §.917354E-19
4 1.157338E-09 3.401967E-05 5.414399E-06 1.000000E+00 2.893345E-06 2.760475E-06 7.2088BZE-10
5 1.000443E-07 3.162978E-04 5.034036E-05 1.000000E+00 Z.501107E-04 Z.760475E-06 2.156315E-10
[ 2.356362ZE-07 4.854237E-04 7.725758E-05 1.000000E+00 5.890905E-04 2.760475E-06 §.242060E-10
7 3.622564E405 6.018774E+02 9.579177E+01 1.000000E+00 3.622564E405 2.760475E-06 1.12370ZE-08

RIGID-EBEODTY EIGENYALTUTES

MCDE EIGENVLLUE STRAIN ENERGY
NUMEER EXTRACTED NORMALIZED EXTRACTED NORMALIZED
1 0.000000E+00 0.000000E+00 1.893263E-12 5.226306E-18
Z 0.000000E+00D 0.000000E+00 1.014286E-12 Z.799912E-18
3 0.000000E+00D 0.000000E+00 3.230369E-13 §5.917354E-19
4 1.157338E-09 3.194804E-15 Z.640397E-04 7.2B875EZE-10
5 1.000443E-07 2.761698E-13 3.282247E-04 9.080561E-10
g Z2.356362E-07 6.504679E-13 Z.905165E-04 5.019637E-10

PERCENT noDiLlL EFFECTTITWVE M a3 3

MODE T1 TZ T3 Rl RZ R3
NUMEER
1 100.0000 0.0000 0.0000 0.0000 0.1z80 32.9694
2 0.0000  100.0000 0.oooo0 0.zp00 0.oooo 67.0305
3 0.0000 0.0000  100.0000 93.7400 99.8719 0.0000
4 0.0000 0.0o0o00 0.0oo00 0.0000 0.ooo00 0.o000
5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.0000 0.0o0o00 0.0oo00 0.0000 0.ooo00 0.o000
7 0.0000 0.0000 0.0000 0.0000 [ulululn) 0.o0000
=) 0.0000 0.0o0o00 0.0oo00 0.0000 0.ooo00 0.o000
TOTLL 100.0000  100.0000 100.0000 100.0000 100.0000 100.0000

Figure 6.1-2. APS NASTRAN Analysis Results for Free-Free Vibration

The modal effective mass was examined next to determine which modes would participate most
significantly to a random base drive excitation. As shown in Figure 6.1-3, the highest modal
mass participation in the X- and Y-axes comes from mode 8 at about 198 Hz, and for the Z-axis
from mode 34 at 443 Hz. The shapes for these two modes are shown in Figure 6.1-4. The model
was analyzed next for response to base drive random vibration (RV) excitations at maximum
expected fight levels (MEFL) + 3 decibel (dB). The RV environments as a function of the
frequency and the damping used are shown in Figure 6.1-5. These data were provided by GRC.
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Mode
Number Hz T1 Fraction T2 Fraction T3 Fraction R1 Fraction R2 Fraction R3 Fraction

1 95.1 9.43E-04 1.29E-04 2.45E-04 1.20E-03 9, 26E-02 h.O8E-03
2 115.0 8.81E-0F 2.66E-03 T.15E-05 h.2TE-01 1.05E-02 J.41E-01
3 134.4 1.61E-03 2.30E-03 1.05E-04 1.652E-01 4,05E-01 6.10E-01
4 164.8 T.00E-03 1.32E-03 1.60E-04 3.3TE-01 4, 24E-01 2.59E+00
b 169.9 J.69E-06 2.2TE-03 7.66E-05 3.07E-01 6.39E-02 4, 74E-01
13 177.4 3.93E-05 9,52E-04 1.76E-04 6.09E-01 2.91E-02 4.19E-01
T 186.9 2.49E-03 2.66E-03 1.58E-04 6.20E-01 4,53E-01 6.01E-03
g 198.5 4, 36E-04 9.91E-01 3.45E-02
9 6.0 2.T2E-06 2. 54E-05 R.GRE-OT T.21E-03 1.02E-08 1.39E-01
10 279 3.25E-05 9.97E-06 4.91E-05 8.00E-03 2.05E-02 917E-02
11 227.0 9.61E-05 2.66E-04 1.04E-04 R.96E-04 4 67E-02 3A3E-01
12 229.6 R.03E-05 1.65E-04 4, 7TRE-04 1.45E-01 9,57E-02 R.A4E-01
13 234.0 2.02E-03 T.42E-04 1.38E-08 1.04E-03 2.51E-01 R.30E-01
14 2361 T.56E-04 7.98E-06 1.28E-04 1.64E-02 1.76E-01 4.33E-05
16 239.9 1.64E-03 4, 72E-05 R.60E-04 R.20E-02 4, 77E-01 1.60E-01
16 2499 T.11E-03 2.3TE-03 4 54E-03 3.33E-01

17 259.7 5.06E-03 1.10E-06 1.63E-03 1.74E-04 1.54E+00 1.11E-04
18 283.6 1.16E-05 2. 30E-06 3.J6E-06 1.36E-03 1.10E-04 6.80E-04
19 2944 1.29E-03 5.60E-04 2.33E-05 1.29E-01 5.05E-02 382E-01
20 298.5 2.56E-04 5.7BE-03 6. 11E-04 b.5TE-01 1.33E-02 1.15E-01
21 J046.4 4. 30E-04 3.72E-04 5.04E-05 hABE-02 T.33E-02 2.64E-03
22 6.7 6.59E-03 5.62E-03 2.14E-04 417E-01 6.08E-01 2.81E-01
23 324.3 1.22E-03 6.13E-03 1.49E-03 2.3TE-01 2.19E-02 2.40E-02
24 3344 1.76E-07 6.04E-03 2.ME-03 1.02E-01 1.22E-01 4.31E-01
25 340.2 b.36E-04 8.76E-04 9, 75E-04 1.59E-01 3.26E-01 3.49E-01
26 3451 2.ME-03 1.42E-03 J.01E-04 2.16E-01 3.01E-01 9.13E-01
27 380.7 1.70E-03 4,09E-03 1.50E-04 3.57E-01 1.87E-01 1.99E+00
28 360.1 3. T1E-04 5.43E-04 1.09E-05 hR.OTE-02 3. T4E-03 4, 79E-01
29 381.8 1.33E-03 3.09E-05 R.G3E-03 1.18E-01 1.09E+00 1.865E-02
30 3891 1.60E-04 6.2TE-03 1.04E-04 1.42E-01 2. 41E-02 1.08E+00
k| 400.5 24TE-05 2.63E-06 1.49E-05 2.02E-03 1.80E-03 3.29E-04
32 407.3 4 4TE-04 R.GGE-03 R.O4E-OT 3.01E-01 9. 31E-03 6.52E-01
33 4.4 2.99E-03 1.28E-06 3.01E-03 1.63E-01 4,80E-01 1.91E-04
34 4434 210E-03 1.10E-04 2.T3E-01 6.97E-02 2.89E-02
36 4580.2 R.38E-06 2.03E-03 1.09E-02 2.97E-02 1.86E-02 1.60E-01
36 4588.0 8.23E-05 1. 24E-07 4.69E-05 1.86E-03 9,81E-06 1.54E-04
ar 496.3 1.01E-04 212E-04 1.39E-07 4, 24FE-01 R.B3E-03 1.66E-02
38 R1b.5 3.896E-04 6.43E-03 9, 41E-05 R.OGE-0O2 1.24E-01 RA1E-01
39 ET7.6 4.23E-07 9.56E-05 9.88E-06 1.55E-03 1.61E-04 1.35E03
40 5938.2 3.5TE-04 2.65E-05 4.33E-03 368E-01 5.02E-01 1.64E-01
41 603.3 9.4TE-08 5.73E-04 1.5TE-04 2. 3TE-05 440E-02 4.35E-02
42 612.7 8.23E-04 2.57TE-03 2.83E-03 4.52E-02 45401 4,69E-01
43 636.3 1.45E-04 1.93E-03 2A68E-03 1.25E-01 4.93E-01 T.04E-02
44 G458 8.08E-06 1.24E-05 2.59E-06 2.19E-02 1.92E-05 4. 7T1E-03
45 660.1 2.46E-04 4, 72E-04 1.66E-06 2. 24E-03 1.99E-03 1.99E-02
45 701.3 4, 79E-04 6.02E-04 9, 45E-06 1.13E-02 T.63E-03 1.77E-02
47 721.9 1.44E-03 2.67TE-04 6.93E-04 1.42E-01 2. 26E-01 b.99E-04
48 .7 1.01E-05 1.03E-04 2.05E-03 8.77E-02 3.78E-01 9.80E-03
49 746.9 1.33E-04 1.24E-04 T.13E-04 1.04E-01 1.00E-01 2.42E-02
B0 THd.5 9.40E-04 1.45E-06 h.40E-04 1.08E-02 4.11E-02 6.26E-03
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$ CoNNeCT Random Vibration Damping Schedule (20-100 Hz 2%, 100.1-200 HZ 3%, 200.1-2000 Hz 4%)
S John Shaker June 10, 2010

S
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Figure 6.1-5. APS Random Vibration Environment

The reaction forces in the three kinematic pins and loads in both the actuators are critical forces
and were scrutinized. The loads in the pins are compared to the allowables in Table 6.1-1. For
this environment the response forces are acceptable (i.e., are less than the allowable). However,
analysis of the launch restraint system appears to be incomplete. The following are suggestions
for the analyses:

(a) Lateral loads on sloped surfaces and geometric layout of the restraints need to be
properly accounted for when determining external load on Qwknut and needed
pre-load for gapping.

(b) External loads on the Qwknut restraint need to be properly combined with pre-
load. With no Bellville washers or other measures to make it a constant-force
interface, the external loading would add to the pre-load. One would expect the
pre-load to be something just above the expected external load so the restraint
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would need to handle double the preload.

(c) Moments into the Qwknut, due to misalignments, mechanical shifts, launch loads,
or thermal effects need to be properly accounted. The restraint arm is fixed at the
Qwknut and pinned at the antenna bracket.

Table 6.1-1. Loads in the Three Kinematic Pins and Their Allowables (Coefficient of Friction =
0.05, Angle = 60 degrees)

Pins Load set -1 (X) Load set -2 (Y) Load set -3 (2) Allowable
(Figure 5.0-4) (Ibf) (Ibf) (Ibf) (Ibf)

S-Band 303 228 480 578
Ka-Band 464 514 650 826

Front 1440 767 778 1949

The actuator forces and moments are presented in Table 6.1-2. Load set 1 produces torsion in
the upper actuator near the allowable torque, while the other cases result in torsion in either the
upper or lower actuators below the allowable. Load set 1 applied torque during launch (249 in-
Ibs) is close to the unpowered holding torque on the actuators (250 in-Ibs). Although the
actuators can be backdriven without damage according to the vendor, there are secondary
concerns for the system if this occurs. Backdriving the actuator could result with a rotor in a
position where there is now stored energy or windup of the harmonic drive. The NESC team’s
concern with this condition is that once the launch restraints are released and the APS is free, that
stored energy could release and the APS will shift, potentially causing a deployment hang-up or
damage.

The other forces and moments in the actuators were compared to capability in Figure 6.1-6. In
this figure, radial load is plotted against the moment. The two straight lines represent the failure
boundary that is determined by the combination of axial, radial, and moment loads on the main
bearings so as to not affect actuator life. Hence these lines represent the capability limit for that
particular value of the axial load in the actuator. The upper line corresponds to a capability limit
for an axial load less than or equal to 1,000 pounds (Ibs). The lower line corresponds to an axial
load of 1,500 Ibs. If the axial load is greater than 1,500 Ibs, then the actuator will have a
negative MOS on some component (probably a bearing).

All points below the lines in this figure represent combinations of radial loads and moments for
safe operations (i.e., positive MOS). The root mean square (RMS) values for the radial loads and
corresponding moments shown in Table 6.1-2 are plotted on Figure 6.1-6 with black symbols for
the upper actuator and blue symbols for the lower actuator. From this figure, there is significant
positive MOS for these actuators for a 1,500 Ibs axial load capability.
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Moment (in-lbs.)

Table 6.1-2. Forces in the Actuators and Comparison with Allowables

Forces and Moments Load Set 1 Load Set 2 Load Set 3 Allowable (Torque,
in-Ibs.
Upper Actuator
Radial X, Ibs. 276 192 147
Axial Y, Ibs. 123 183 147
Radial Z, Ibs. 141 213 228
Moment X, in-Ibs. 267 288 285
Torsion Y, in-lbs. 249 147 96 250
Moment Z, in-lbs. 387 231 123
RMS Values - Radial, Moment 310, 470 287,370 270,310
(Ibs., in-lbs.)
Lower Actuator
Radial X, Ibs. 153 84 42
Radial Y, Ibs. 135 192 99
Axial Z, Ibs. 180 285 609
Moment X, in-Ibs. 507 528 312
Moment Y, in-Ibs. 726 462 192
Torsion Z, in-lbs. 135 87 87 250
RMS Values - Radial, Moment 204, 886 210, 702 108, 366
(Ibs., in-lbs.)
5000 o1
Capability
4500 (1500 Ib. axial Load)
Capabilit
4000 ™ < IFt)) . \: g
\z /(_ 1000 Ib. axial Load) Upper Actuator
3500 \\ // @® loadsetl
B Lloadset2
3000 AN
\\ + loadset3
2500 AN N
\\ Lower Actuator
2000 \\ ® loadsetl
B loadset2
1500 \\
\\ + loadset3
1000 ™
'Y \
u
N
500 ! ]
e | & \\
0
0 200 400 600 800 1000 1200 1400 1600

Radial Load (lbs.)

Figure 6.1-6. Gimbal Actuator Capacity (excluding Torsion Limit)
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The maximum stresses in the arm, biaxial bracket, base, and the S-Band bracket due to the RV
environment and the associated MOS for yield and ultimate are presented in Table 6.1-3. A
factor of safety (FOS) of 1.4 on yield and 2.0 on ultimate are used in computing the MOS. In
this table, the MOS in fasteners in the model are also included and grouped by bolt type. The
margins are calculated using:

AllowbleStress

MOS= -
Max. Stress * FOS (EQ. 1)

In some cases it appears that the MOS is calculated using a FOS applied to the qualification
loads instead of being applied to the design limit loads as defined in NASA-STD-5001A. Itis
the review team’s opinion that this is overly conservative.

In Eq. 1, the allowable stress is either the yield or ultimate stress, and maximum stress is the
maximum 3c von Mises stress. Both 16 and 3o stresses are presented in Table 6.1-3. The
margins are, however, calculated for the 36 von Mises stress values. All of the calculated MOS
are positive suggesting that various structural components are safe.

The assumption that 3¢ loading is the worst case may be unconservative, particularly for brittle
(low elongation) materials. Systems subjected to RV environments can experience excitations
higher than 3o if the system is subjected to the environment for long enough duration. However,
imposing a 4.5¢ load requirement in this case appears to be excessive due to multiple apparent
conservatisms in the modeling and analysis.

In addition, random loads were applied one axis at a time and analyzed separately. Combined
load analyses were not performed. Although such analyses may not be a requirement for this
project, the practice is unconservative. Furthermore, it was also not clear if the restraint preload
was included in a combined loading analysis.

NESC Request No.: TI-10-00635



NASA Engineering and Safety Center | Document# | Version:
> NESC-RP- 1.0
Technical Assessment Report 10-00635
Title: Page #:
Independent Review of CoONNeCT Antenna IGA Model and 19 of 5'7

Analysis

Table 6.1-3. Stresses in Various Components of the Model and the Computed Margins for Yield
and Ultimate Strengths

X Axis
1o Max VM 3o Max VI oyallow Margin Margin
Name Part Number: Material: Stress (psi) Stress (psi) (psi) cuallow (psi) (yield) (Ultimate)
Arm 38553 AL B061-T6 4326 12978 35000 42000 093 0.62
Biax Bracket 37184 AL 7075-T651 2139 6417 50000 61000 4.57 3.75
Base 38554 AL B061-T6 2112 6336 35000 42000 2.95 2.3
S-band Bracket 38558 AL 7075-T651 4339 13017 50000 61000 1.74 1.34
Fastener Analysis
Joint Insert Insert P t
Tensile bolt Shear Bolt |Thread Shear oin 3 Internal External arel_'l
Bolt Type Margi . . Separation Material
argin Margin Margin . Thread Thread .
Margin Margi . Margin
argin INargin
8-32 0.18 520 248 1.92 A MIA 0.09
r 1/4-28 017 13.62 246 266 A MIA 0.08
Y Axis
1o Max VM 3o Max VM ayallow Margin Margin
Name Part Number: Material: Stress (psi) Stress (psi) (psi) cuallow (psi) (yield) (Ultimate)
Arm 38553 AL B061-T6 6663 19989 35000 42000 0.25 0.05
Biax Bracket 37184 AL 7075-T651 1654 4662 50000 61000 6.66 5.54
Base 38554 AL 6061-T6 1755 5265 35000 42000 3.75 2.99
S-band Bracket 38558 AL 6061-T6 3365 10095 35000 42000 148 1.08
Fastener Analysis
Joint Insert Insert P "
Tensile bolt Shear Bolt |Thread Shear oint Internal External aref
Bolt Type . . . Separation Material
Margin Margin Margin . Thread Thread .
Margin Marai . Margin
argin Iargin
8-32 0.19 8.95 251 323 MIA MIA 0.09
I 1/4-28 0.19 28.00 2.50 4.76 MIA MIA 0.09
Z Axis
1o Max VM Jo Max VM ayallow Margin Margin
Name Part Number: Material: Stress (psi) Stress (psi) (psi) cuallow (psi) (yield) (Ultimate)
Arm 38553 AL 6061-T6 4889 14667 35000 42000 0.70 0.43
Biax Bracket 37184 AL 7075-T651 0 50000 61000 #DIV/0! #DIV/0!
Base 38554 AL 6061-T6 0 35000 42000 #DIV/0! #DIV/0!
S-band Bracket 38558 AL 7075-T651 0 50000 61000 #DIV/0! #DIV/0!
Fastener Analysis
Joint Insert Insert P "
Tensile bolt Shear Bolt |Thread Shear oint Internal External aref
Bolt Type . . . Separation Material
Margin Margin Margin . Thread Thread .
Margin Marai . Margin
argin Iargin
8-32 0.19 10.53 2.62 3.83 MNAA NIA 0.09
I 1/4-28 0.19 28.63 251 6.86 MN/A MNIA 0.09
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6.2

NESC Team Model Review Comments

The SNC IGA FEM was reviewed by the NASTRAN experts in the NESC team®. A number of
issues were raised by this subteam and they are presented in Appendix A. SNC responded to
each of the issues. This section summarizes the issues and the corresponding SNC responses.

1.

Minor issues: Several minor book-keeping inconsistencies were found in the model: (a)
Coefficients of thermal expansions of materials with identification numbers 3 and 5 and
the corresponding reference temperatures are not assigned, (b) Some 279 nodes have no
associated elements, loads, or constraints associated with them, and (c) PID 40006 is not
used.

e SNC: As thermal analysis is not being performed, issue (a) is not pertinent.
Dummy node numbers exist in the model and they do not participate in the
analysis. PID 40006 is not used and is a remnant of previous analysis, and thus
items (b) and (c) are benign.

Fastener Modeling: Holes for fasteners (assumed as fasteners) as small as 0.125 inch
were modeled with local refined meshes. But these round holes appears as hexagon areas
in the mesh. It is not clear why features of this size were modeled into a dynamic model.

e SNC suggested that these features were modeled to accommodate other
components not in the primary load path. These other components will be added
as the system design/model is finalized. The mesh around the mentioned areas is
mainly to provide attachment points for the other hardware. This type of modeling
is not expected to lead to or cause stress issues in these regions.

Base Plate Boundary Conditions: There is a large RBE2 (rigid element connections) on
the base plate that attaches the bolt holes to a central point where a large mass is located.
This RBE2 specification effectively rigidly ties these bolt holes together. Thus, when
free-free vibration analysis modes are performed, the effect is to rigidize the base plate.
It is not clear if this is a desired condition. This boundary condition implementation
appears to be in the model to utilize the prior "large mass" method of inducing base
acceleration. Current versions of NASTRAN allow direct input of applied acceleration
without having to resort to the use of the large mass method.

e SNC: The “large mass” method is a widely accepted and historically used method
of performing random response analysis. This method is typically used by SNC.

e SNC: The RBEZ2 constraints on the nodes on the base plate to connect to the node
where the mass is located will rigidize the base plate. In reality the base plate is
effectively rigid along that interface due to the large number of 0.250-28 fasteners
used to secure the base plate.

* Ken Hamm —ARC and Pete Mule -GSFC
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4.

7.0
7.1

e SNC: In the free-free mode analyses the RBE2 constraints would tie the plate
together and may miss some “free” elements. Therefore, SNC performed the free-
free analyses again to demonstrate that no “free” elements exist and that the
previous free-free modes analysis is valid. (See Appendix A).

Gussets: There are what appear to be gussets or stiffeners plates under the base plate.
However, the meshes do not line up so there is no connectivity between the base plate
and the stiffener in that area. Is this is an error or is the modeling intentional?

e SNC will examine this region to determine if there is a connectivity issue in those
local areas. The modal analysis will then be updated and the results scrutinized.

Interfacing linear and quadratic elements: The current IGA model had areas where Quad
8 elements (8-node quadrilateral elements with corner and mid-side nodes) are directly
connected to Quad 4 elements (4-node quadrilateral elements with corner nodes) or Tria
3 elements (3-node triangular elements). Quad 8 elements have quadratic shape
functions while Quad 4 elements and Tria 3 elements have linear shape functions.
Recommended modeling practice is to interface Quad 8 elements with other Quad 8
elements or other quadratic elements such as Tria 6 elements, and not Quad 4 or Tria 3
elements (i.e., so corner nodes are connected to corner nodes, and mid-side nodes to mid-
side nodes). Mixing Quad 4 and Tria 3 elements with Quad 8 elements is not
recommended as compatibility across the inter-element boundaries cannot be maintained.

e SNC is aware of these modeling issues. Apparently, this situation occurred when a
local area of the mesh was updated after the majority of the mesh is completed. In
the next model revision, all Quad 4 and Tria 3 will be updated to Quad 8 and Tria
6 elements with proper connectivity.

e SNC agreed to revise the model according to the team’s suggestions and will be
providing the new margins to the CoNNeCT Project.

Findings, Observations, and NESC Recommendations

Findings

The following findings are made:

F-1.

F-2.

F-3.

F-4.

There appears to be considerable amount of conservatism in the design and analysis.
The NASTRAN FEM is overall a good representation of the CONNeCT Antenna IGA.

SNC provided satisfactory explanations or agreed to make appropriate corrections to the
FEM issues identified.

Gimbal actuator analytical applied torque during launch is approximately same as the
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unpowered, 249 and 250, respectively.

7.2 Observations
The following observations are made:

O-1. The assumption that 3cloading is the worst case may be unconservative.

0O-2. Analysis of the launch restraint system appears to be incomplete.

0-3. Application of FOS to qualification level loads appears to be redundant.

0O-4. Load combinations used in the margin calculations need to be reported (including

restraint pre-load).

7.3 NESC Recommendations

The following NESC recommendations are directed to the CoNNeCT Project:

R-1. The IGA FEM should be exercised using combinations of nominal and zero for actuator

rotational stiffness to bound the possible response. (F-3)

R-2. Evaluate if the IGA FEM hardware is mounted to a 0.5 inch radiator panel to determine if
some of the loads are missing due to the flexibility of the mounting structures.

(F-3and 0-2)

R-3. Verify positive MOS following incorporation of IGA FEM updates. (F-3)

R-4. Incorporate a FOS for the gimbal actuator (250 in-Ibs) unpowered torque value and

update the analysis to ensure a positive MOS. (F-4)

8.0 Definition of Terms

Corrective Actions

Changes to design processes, work instructions, workmanship practices, training, inspections,

tests, procedures, specifications, drawings, tools, equipment, facilities, resources, or material that

result in preventing, minimizing, or limiting the potential for recurrence of a problem.
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Finding

A conclusion based on facts established during the assessment/inspection by the investigating
authority.

Lessons Learned

Knowledge or understanding gained by experience. The experience may be positive, as in a
successful test or mission, or negative, as in a mishap or failure. A lesson must be significant in
that it has real or assumed impact on operations; valid in that it is factually and technically
correct; and applicable in that it identifies a specific design, process, or decision that reduces or
limits the potential for failures and mishaps, or reinforces a positive result.

Observation

A significant factor established during this assessment that supports and influences the
conclusions reached in the statement of Findings and Recommendations.

Problem

The subject of the independent technical assessment/inspection.

Recommendation

An action identified by the assessment/inspection team to correct a root cause or deficiency
identified during the investigation. The recommendations may be used by the responsible
C/P/P/Q in the preparation of a corrective action plan.

Root Cause

Along a chain of events leading to a mishap or close call, the first causal action or failure to act
that could have been controlled systemically either by policy/practice/procedure or individual
adherence to policy/practice/procedure.

9.0 Acronyms List

APS Antenna Pointing Subsystem
ARC Ames Research Center
CDR Critical Design Review

CoNNeCT  Communications, Navigation, and Networking re-Configurable Testbed
dB decibel

DFMR Design For Minimum Risk
ExPA EXPRESS Pallet Assembly
FEM finite element model
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FOS factor of safety
FRAM Flight Releasable Attachment Mechanism
GPS global positioning satellite
GRC Glenn Research Center
GSFC Goddard Space Flight Center
HGA high gain antenna
Hz hertz
IGA Integrated Gimbal Assembly
ISS International Space Station
JSC Johnson Space Center
LaRC Langley Research Center
LGA low gain antennas
MEFL maximum expected fight levels
MGA medium gain antenna
MOS margins of safety
MTSO Management and Technical Support Office
NASA National Aeronautics and Space Administration
NESC NASA Engineering and Safety Center
NRB NESC Review Board
P/N part number
PDR Preliminary Design Review
RF radio frequency
RMS root mean square
RV random vibration
SDR Software Defined Radio
SNC Sierra Nevada Corporation
TDRS Tracking and Data Relay Satellite

Volume II: Appendices
A. APS Model Review, July 21, 2010
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Appendix A. APS Model Review, July 21, 2010

APS Model Review

Contents

Questions from Ken Hamm (ARC)
Questions from Pete Mule (GSFC)
Responses from Chad Herbert
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APS Model Review
July 21, 2010

Kenneth Hamm
ARC
650-604-6248
Kenneth. R. Hamm@nasa.gov
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Concerns ldentified

1. There are areas where QUAD4S elements are directly connectedto QUADS elements. However, instead of one
to one element connectivity where one of the midside nodes on the QUADS s deleted 50 both edges have a
"bilingar" shape function alongtheirshared edge, this model has 2 QUAD4 elements connected to one QUADS,
with rt]h e cormernode between the QUAD4s connected to the midside node of the QUADS. This usuallyisn'tgood
meshing practice.

2. There are large areas modeledwith QUADS elementswith TRIA3 elementsimbedded in these areas. | would
have expected TRIAG elements so as to be compatible with the QUADS elements. Free edge checkidentifies all
of thesetriangular elementboun daries.

3. There are what appear to be gussets or stiffeners plates underthe baseplate are wherethe meshesdonotline
upsothereis noconnectivity befiween the baseplate andthe stiffenerin that area.

4 Thereisalarge REBEZ (rigid element) on the baseplate which attaches all the bolt holesto a central pointwhere
alarge mass is located. This effectively ties these holestogetherrigidly. Sowhen free-free modesarerun as
stated in the PowerPointslides you will get the effect of thisrigidization of the baseplate. Notsureifthatiswhatis
desired or not. This appears to be in the model to supportthe old "large mass" method of inducing base )
acceleration. Newerversions of NASTRAN have allowedyou to directly input applied acceleration withouthaving
to usethe large mass method.

5. Holesfor fasteners (| %resu mefasteners anyway) as small as 0.125" have be modeledin with refined meshes
to get down to this size. Butthese roundholesenduplooking lilke small little hexagon areasin the mesh .
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Mesh Not Connected
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Mesh Not Connected
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Rigid Element on Baseplate

RBE2tiestogetherlarge
areas of baseplate rigidly
to large mass point

_vrite_imogel "JFEG", "nigd-clement basepiste 9o, "Overwite”. 0., 0., 1., 1., 100, "Viewport” |
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Other Items

« Delivered deck is Normal Modes only (SOL 103)
— No loading included
— No damping included
— How were base loads input?
— Would be good to see this part of the deck

+ Constraint SPC 1-6 is included at large mass in modal run

« Have not had much time to do any further investigation

— Would like to make changes to the mesh and correct errors and see

what differences result in modes
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P. Mulé Questions

+ Environmental requirements for the subsystem.
— What are all the environmental requirements driving the design?
— What is the source of the base driven random vibration requirement?
— What are the CLA results showing for net CG inertial loads?
— s structural born vibration from acoustic loading included in the CLA?

* In generalthe driving mechanical requirements are design (usually based on CLA),
vibroacoustic, andthermalloads. Sineloads areincludedinthe CLA andare therefore
coveredby design loads foranalysis. Because coupledloads should coverall low
frequency structuralborn inputit is concerning thatthe given random profile will likely

impartloads at low frequency much higherthan the coupledloads. | do think this

situation calls formimplementing some sort of force limitingin the analysis andtest.

+ Testand analysis philosophy

— Are MEFL +3dB the highest test levels (i.e. qualification levels) or are they

considered acceptance levels?

— Are margins calculated on qualification loads using the analysis factors of safety

listed?

+ Needtoverify analysisis not placing factors on factors andbeing overly conservative.
GSFC analyzes usingacceptance (flight) loads and applies a factor of safety when
calculatingmargins. The factor of safety isrelatedto test factors suchthatazero 11
margin in analysis meanswe are testingto yield (example: design loads test factoris

1 2R andanalusis FS anvialdis 1 253
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Analysis

P. Mulé Questions

+ Load combinations

— Random loads are analyzed axis by axis. Is there any requirement to combine

results when evaluating design?

+ Margins are shown forload casesbutit is not clear if the loads cases areto be

combined or case by case.

NESC Request No.: TI-10-00635
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P Mulé Questions

+ Launch lock

— Provide more detail ofthe lock design, modeling in the IGA, pre-load
development, and analysis?

+ Ifthe lockis designed to maintain constant load (i.e. using Bellville washers)
then analysis should be performed without the lock in the system. Preload
should developed based on loads at contact points.

+ Ifthe launch lock is not designed to maintain constantload then it should be
included but the analytical loads on the lock must be added to preload when
analyzing. Could exceed Quicknut capability.

+ When developing pre-load value for the launch restraint it does not appear to
account for the added vertical load due to lateral loading at the supports due
to the slope angle. ltis also unclear if the analysis accounts for geometry of
the layout. Summing the vertical forces will not give the required launch lock
preload.

+ Lowmargins in the in the arm.

« Analysis showed a low margin in the arm and it is not clear if this includes
stresses from preload.

13
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P. Mulé Modeling Comments

The gimbals’ actuator torsion stiffness is high.

— Isthis representative ofthe stiffness expected in launch (unpowered) andis this a linear
stiffnessin reality (can it back drive).

— High stiffness will give the high end of loads on actuatorbutit will resultin lower restraint
loads andvice versa.

— Considerrunningatlow actuator stiffness.
Restraintincludes bar (57043) appears incorrect

— Baris hinged (45 released)on end A andfixec on end B.

— Appearsboth ends shouldbe pinned (56 released)?

— Notethatreleases arein the bar systemin which x is alongbar axis.
Modal run of model provided resulted in different modal frequencies and mass
participation than those reported (see later slide)

— Tableprovidedappearsto have mass participation in mass units where my table is in mass
fraction (% mass participation)

— Majormass modes appear at similar frequencies but sometimes splitamong multiple modes.

14
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P. Mulé Modeling Comments

Material IDs 3 and 5 do not have CTE and reference temperatures assigned.
— Notecritical unless using forthermalloads run
Use of single layer of solid elements not recommended.
— Donotappearto bein critically loaded areas
Have interface forces (SPC forces of constraint GRID 47) from random run been
reviewed.

— This outputwould give predict of the peakinterface force (assume 3 x rms) and some idea if
abase driven random vibration testto these levelsis appropriate. The supportingstructure
can only impart so much load.

279 Nodes with no associated elements, loads, constraints, etc.
— Justoutput froma modelcheck

PID 400006 (38553_Arm_0.1875in_Plate) unused.
— Information only

15
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Modal MassF '
Mode |Freq
) T T2 LE] RL Rz L&
1 AR .3 % % .3 % %
2 x| m p-3 1.9 ~ 1.9 = Mode ) ) ) !
Number Hz T1 Fraction T2 Fraction T3 Fraction R1 Fraction R2 Fraction R3 Fraction
3 1% 2 = = > = = = 1 95.4 943E-04 129604 245604 120603 926E-02  5.88E-03
4 1|2 ™ 1% ™% L3 1% 10% 2 1450 BBIEOT 265603  TASE05  B2TE01  1.05E02  3.44E-01
3 1344  16IE03 230603 10504 15201 405601 6.10E-01
5 163 R % = > = > = 4 1648 7.00E-03 1.32€-03 1.60E-04 3.37E-1 4.24E-01 2.59E+00
[ IR ® 1% E. % =% 1% % 5 1608 369E-06  227E03  T.S6E05  JOTEN  GI0E02  AT4EM
& 1774 393605  052E04  176E04  G.O9E-01  2.0ME02  419E-01
7 176H .3 % % E:3 % 1%
T 1869 249603 256603 1.88E.04  620E01 45301 6.01E03
B IR g > > g > > 8 1925  [EE . sc-04 991E01  345E02
) 1869 % oo oo % oo oo ] 60  2.72E-06  254E-05 58507  L.21E-03  1.02608  1.39E-01
10 M79 325605 997E06  491E05  BO0E-03 205602  9.47E-02
w 192 & % > > % > > 1 2270 9HME05 266604 104604 596604  467E02 34301
11 196 M [ (19 (19 (-9 (19 s 12 2296 5.08E-05 1.55E-04 4.75E-04 1.45€-01 9.57E-02 S.44E-01
E = = 13 2340 202603 742604 13808 1.04E03  2E1E01  5.30E01
2 15 B e 2o e = iz e 14 2364 7.56E-04  T.98E-06 128604  164E-02  1.TGE1  4.33E05
pE] 1Be 1.3 [ [ 13 [ [ 15 239.9 164603 472605  S60E-04 520602 ATTED 1.60E-01
12 e % % % o % % 16 2499  TAME03  23TED3  454E03  333E-01
— 17 2597  G.06E03  140E06 16303 1.74E-01  1.54E400  1.11E-01
15 [Z. % % = =3 ~ izl 13% 18 2836 146605 230606  3.76E-06  1.38E-03  1.40E-04  6.80E-04
16 pi ¥ 7% [ % % 15% % 19 2944 129603  560E04 233605  1.29E-01 605602  3.82E-01
20 2065 256604 575603  6A1E-04  BSTE01 133602 1.15E-01
Lr] 5Hin 1% ® ® L2 % ® 2 064 A30E04 304 BO4E05  BASEN2  TIIE02  264E-03
18 MR % [ [ 1% [ [ 2 MET  G59E03  BE2ED3  2A4E04  4ATE-O1  GOBE1  2.81E-01
= 23 3243 122603 64303 149E03  2ITE01  249E02  2.40E-02
19 L L L L e L L 24 3344 176EOT  G.04E03  27E03  1.02E-01  122E01 43ME01
n R E = .3 .3 L] F= F= 25 340.2 536604  B.76E-04  9.7SE04  1.59E-01 32601 3A49E-M
1 b it (i, 4 ™ [i.4 ™ 1% ™ 6 3451 2.1E-03 142603 J.01E-04 2.16E-01 30ME-M 9.13E-01
27 3807 170603 409603 150604  ISTEO1  1GTEQ1  1.99E+00
22 e A L = L] = = L] P 3604 37IE-04  643E04  109E05  SETE0Z  3.4E03  4.79E0M
= W % % % % % % 2 3818 133603 3.09E05  BB8E03  148E-01  1.08E.00  1.85E.02
" ” 30 3894 160E-04  B2TED3  1.04E04  142E01  2.41E02  1.08E+00
2 s iz AL =2 i L0 L M 4005  2.47E-05 253606 149E-05 202603  1.80E-03  3.29E-04
= I p-3 1% % p-3 % 9% 32 4073 4.47E-04  566E03  594E07  JO0E-01  9.ME-03  6.52E-01
33 4214 299603 128606  3.01E-03  1.63E-01  4B0E-01  1.91E-04
* A E.3 % % .3 E. ~
E™ 4434 290603 1.90E-04 27301 GOTENZ  2.89E-02
£ ELlS L] L2 L2 L] = L2 38 4502 5.3BE06  203E03 | 109602  297E02  1.85E02  1.60E-01
= =% [(.3 % 1% [.3 1% 1%
= 36108 [(3 % 1% [(.3 1% %
30 IS % % % % % %
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NESC Questions/Requests #1

. The following is the list of guestionsfrequests from NESC to SNC about the IGA FEA model which was received from NASA/GRC on

July 2010,
1. Restraint includes bar (57034) appears incorrect
2. Baris hinged (45 released) onend Aand fixed on end B.
3. Appears both ends should be pinned (55 released)?
4. Mote that releases are in the bar systemn in which ¥ is along bar axis.
a. Modal run of model provided resulted in different modal frequencies and mass participation than those reported (see later slide)
B. haterial IDs 3 and 5 do not have CTE and reference temperatures assigned.
7. Use of single layer of solid elements not recammended.
8. Have interface forces (SPC forces of constraint GRID 47) fram randorn run been reviewed.
9. 279 Modes with no associated elements, loads, constraints, etc.
10, PID 400006 (38553 _Arm_0.1875in_Plate] unused.
11.  There are areas where QUAD4 elements are directly connected to QUADS elements. However, instead of one to one element connectivity where

one of the midside nodes on the QUADS is deleted so both edges have a "bilinear” shape function along their shared edge, this model has 2
QAUADS elernents connected to one QUADS, with the carmer node between the QUAD4s connected to the midside node of the QUADS. This
usually isn't good meshing practice. This seems to be used as some kind of mesh transition device since the mesh where the QUADA elements are
is finerthan the QUADS side. |have looked and haven't found any other mesh transition devices in those areas.

12, There are large areas modeled with QUADS elements with TRIAS elements imbedded inthese areas. [would have expected TRIAS elements so
asto be compatible with the QUADS elements. But there are no TRIAS elements anywhere in the deck. Sowhen youlookfor free edges all of
these triangular element boundaries show up where the mesh is not compatible. Thave no idea how youwould get a mesher to do this. Youwould
prabably need to da it manually.

13, There are what appear to be gussets or stiffeners plates underthe base plate are where the meshes do not line up so there is no connectivity
between the base plate and the stiffenerinthat area. | am not sure if thisis a mistake or by design.

14, There is a large RBEZ2 (rigid element) onthe base plate which attaches all the bolt holes to a central point where a large mass is located. This
effectively ties these holes together rigidly. So when free-free modes are run as stated in the PowerPoint slides you will get the effect of this
rigidization of the base plate. Mot sure if that is what is desired or not. This appearsto bein the modelto support the old "large mass” method of
inducing base acceleration. MNewer versions of NASTRAN have allowed youto directly input applied acceleration without having to use the large
mass method.

15,  Holes forfasteners (| presume fasteners anyway) as small a5 0.125" have be modeled inwith refined meshes to get down to this size. But these
round holes end up looking like small little hexagon areas in the mesh. | am not sure of the reason for having features of this size modeled into a
dynamic model. 18
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BN =

NESC Q’s #1-4

Restraintincludes bar (57034) appears incorrect

Bar is hinged (45 released) on end A and fixed on end B.

Appears both ends should be pinned (56 released)?

Note that releases are in the bar system in which x is along bar axis.

SNC Response for 2-4

The beam elementin question shouldbe ID 57043 andis representingthe boltin the Qwknut
assembly. EndAis on a sphericalinterfaceand shouldhave beenreleasedin 56 not45. The
torsion aboutthe beamis the 4 direction and can be releasedatboth ends.

Therefore, the modelwas re-analyzed with the above changestothe ELEMID 57043, which isthe
beamrepresentingthe boltin the Qwknutassembly.

The significantmodal frequencieswere investigatedto see the effect ofthis change. The mode with
the mostmass participation is mode 8 at 198.5Hz in the original model. The new modelhas mode
with the most mass participation is still mocde 8 at 198.2Hz. The changein frequencyis essentially
negligible. Therefore, there shouldbe no effecton the loads/stressesrecovered fromthe random
vibration analysis either.

The modal participationis shown on the next slide to help validate this point.

19
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Mode
Number

EEBBEYEREDR

32

BoEB

NESC Q’s #1-4 Cont

07/13/10 Model 07/20/10 NESC Fixes Model
mn 7 i R1 R2 R3 Mode n i e R1 R2 R3
Hz Fraction Fraction Fraction Fraction Fraction Fraction MNumber Hz Fraction Fraction Fraction Fraction Fraction Fraction
95.1 9.43E-04 1.29E-04 2.45E-04 1.20E-03 9.26E-02 5.88E-03 1 95.1 9.43E-04 1.28E-04 245E-04 1.17E-03 9.27E-02 5.726-03
1150 8.81E-07 2656-03 7.156-05 5.27E-01 1.056-02 3.41E-01 2 1149 104606 2776-03 7.78E-05 5336-01 1.146-02 3.64E-01
1344  1616-03 2306-03 1.056-04 152E-01 4.056-01 6.10E-01 3 1344  160E-03 2276-03 103E-04 1526-01 4.066-01 6.03E-01
164.8  7.00E-03 1326-03 1.60E-04 3.37E-01 4.246-01 2.59E+00 a 164.7  7.036-03 116E-03 165E-04 3.14E-01 4.276-01 2.46E400
169.8  3.69E-06 2.27E-03 7.56E-05 3.07E-01 6.396-02 4.74E-01 5 169.7  9.956-07 250E-03 7.52E-05 3.40E-01 5.96E-02 5.65E-01
1774 3.93E-05 9.526-04 1.76E-04 6.09E-01 2.91€-02 4.19E-01 6 1769  3.576-05 10SE-03 1.34E-04 6.00E-01 2.24E-02 5.14E-01
1865 2.45E-03 2.56E-03 1.B8E-04 6.20E-01 4.536-01 6.01E-03 7 1869  251E-03 252E-03 1G4E-04 S5.B7E-01 4.44E-01 4.34E-03
1.5 [ - ;oo N 551501 sase02 8 1e2 [ s R sccc01 1702
216.0  2.72E-06 2.54E-05 5.856-07 7.21E-03 1.02E-08 1.39E-01 9 216.0  2.14E-06 2.74E-05 7.23E-07 7.18E-03 B.0ME-06 1.42E-01
217.9  3.25E-05 9.97E-06 4.91E-05 B8.00E-03 2.056-02 9.17E-02 10 2179  4.12E-05 1.55E-05 S5.41E-05 8.14E-03 2.37E-02 1.01E-01
2270 9.616-05 2666-04 1.04E-04 596E-04 4.676-02 3.136-01 1 2270 136604 3.56E-04 1406-04 1376-03 6.346-02 3.886-01
229.6  5.08E-05 1556-04 4.756-04 145E-01 9.576-02 5.44E-01 12 2294  9.16E-05 268E-04 5.56E-04 148E-01 1.236-01 6.576-01
234.0 202603 7.426-04 1.38E-08 1.04E-03 2.51€-01 5.30E-01 13 233.9  159E-03 9.44E-04 3.99E-06 8.96E-04 1.826-01 6.156-01
236.1 7.56E-04 7.98E-06 1.28E-04 164E-02 1.76E-01 4.33E-05 14 2361  B.17E-04 6.63E-06 1.36E-04 1656-02 1.89E-01 9.49E-05
239.9  164E-03 4.726-05 5.60E-04 5.20E-02 4.77E-01 1.60E-01 15 239.8  2.00E-03 B.98E-05 6.66E-04 5.44E-02 S5.77E-01 2.04E-01
2459 7.11603 2376-03 454603 3.336-01 [ ROOEEIN 16 2487 82303 3.056-03 a70e-03 281601 R
259.7 S.06E-03 1.10E-06 1.63E-03 174E-01 1.54E+00 1.11E-01 17 255.6  4.80E-03 242E-07 145E-03 1426-01 1.426+#00 8.556-02
283.6 1.16E-05 2.30E-06 3.76E-06 1.36E-03 1.106-04 6.80E-04 18 283.6 1.37E-05 7.05E-06 4.12E-06 2.51E-03 1.03E-04 1.37-03
2944  1.29E-03 5.60E-04 2.33E-05 1.29E-01 S5.05E-02 3.82E-01 19 293.0 1.21E-03 1.72E-03 3.01E-06 2.74E-01 5.39E-02 5.33E-01
2985 2.56E-04 5.756-03 6.11E-04 557E-01 1.336-02 1.15E-01 20 2962  3.91E-04 5.67E-03 6.38E-04 5.13E-01 7.64E-03 8.41E-02
306.4 4.30E-04 3.726-04 5.04E-05 5.45E-02 7.336-02 2.64E-03 2 3064 428604 3.71E-04 5.056-05 541E-02 7.326-02 2.73E-03
316.7 6.59E-03 5.62E-03 2.14E-04 417E-D1 6.08E-01 2.81E-01 2 3165  6.60E-03 4.88E-03 171E-04 3.84E-01 6.165-01 3.326-01
3243 122603 6.136-03 1.49E-03 2.37E-01 2.196-02 2.40E-02 2 3242 125603 7.05E-03 163E-03 272E-01 2.096-02 3.98E-02
3344  176E-07 6.04E-03 2.71E-03 102E-01 1.226-01 4.31E-01 24 3334 3.11E-05 8.056-03 2.79E-03 1L74E-01 1.58E-01 7.36E-01
340.2  5.36E-04 B.76E-04 S5.75E-04 159E-01 3.266-01 3.49E-01 25 340.2 527604 B.84E-04 9.78E-04 1.60E-01 3.256-01 3.53E-01
3451  2.216-03 1426-03 3.016-04 2.16E-01 3.016-01 9.136-01 2% 343.8 298603 2576-03 15204 3.376-01 3.365-01 1.536+00
350.7 1.70E-03 4.0%E-03 1.50E-04 3.57E-01 1.876-01 1.99E+00 27 345.0 6.53E-04 2.74E-03 14%E-05 1.91E-01 5.07E-02 1.16E+00
360.1 3.71E-04 5.43E-04 1.09E-05 5.87E-02 3.74E-03 4.79E-01 28 360.0 29BE-04 4.75E-04 147E-05 4.73E-02 1.59E-03 4.0BE-01
3818 133603 3.096-05 5.686-03 118E-01 1096400 1.85E-02 2 3804  7.486-04 4.58E-04 5.03E-03 8.56E-02 8.226-01 8.50E-04
389.1  160E-04 6.276-03 1.04E-04 142E-01 2.416:02 1.0SE+00 30 3§7.6  5.786-04 6426-03 7.286-05 1.86E-01 1.80E-01 1.01E400
400.5 247605 2.53E-06 149505 2.026-03 1.80E-03 3.296-04 31 4005  2.50E-05 2.66E-06 152E-05 2.056-03 1.84E-03 3.28E-04
407.3 447604 5.66E-03 5.94E-07 3.01E-01 9.318-03 6.52E-01 32 4053  4.36E-04 4.36E-03 3,93E-05 215601 2506-02 3.93E-01
421.4  2.99E-03 1.28E-06 3.01E-03 163E-01 4.80E-01 191E-04 33 4206 2.95E-03 4.58E-05 2.35E-03 2.17E-01 4.106-01 LS1E-02
143.4  2.106-03 110604 [ 27501 e97e02 28902 34 a32 195603 715605 [ 262501 sase02 2msem2
450.2  5.38E-06 203E-03 1.096-02 2.976-02 1.856-02 1.60E-01 35 4488  273E-05 1.89E-03 147E-02 410802 2656-04 p026-01 20
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5.  Modalrun of model provided resulted in different modal frequencies and mass
participation than those reported (see later slide).
GRC Modal Results SNC Modal Results
=5 st Modal MassFraction Mode
Mode | Freq {Hz) Tl T2 T3 R1 R2 R3 Number Hz T1 Fraction T2 Fraction T3 Fraction R1 Fraction R2 Fraction R3 Fraction
1 T s o % % % 1 95.1 943604  1.29E-04 245604  1.20E03 926602  5.88E-03
2 Tusel o [ o | oo | o [ o | S 34 AGIE0S 290603 L0604 16Kl LOSEM 40601
1 " e - 1344 1.61E- = 1 - 1. 1 4 1 A 1
3 Tusel w % % 1% % 1% 4 1648 T.00E03 132603 160E-04  3A7ED1 42401 259400
4 15322 | % 1% o il il ___ 5 169.8  3.69E-06  227E-03  T.S6E-05  JOTEM  B.I9ED2  4T4E01
5 16358 | O% 1% 0% 1% 0% % ] 1774 3.93E-05  9.52E-04  1.76E-04  B.09E-01  29ME02  419E-01
6 | 1oz | 1% % % 5% 1% o 7 1869  2.49E-03 256603 1.68E-04 620601 453601  G.OE-03
7 176.80 2] (2 o5 3% O 1% & 198.5 W 4.36E-04 99E-01 34502
8 | 18593 | 0% 0% o5 0% 0% % 9 216.0 12E- x 5.85E-07  £.21 102608 1.39€-01
5 | 18658 | 0% ™% % % 0% % 10 2178 325605  9.9TE06  4.91E-05  B.00E03 205602  9.47E-02
[ me | o o = e e r " 2270 96ME-05 266604  1.04E-04 596E04  46TE02  3AIE01
heele e e e et oD milues umsoueves e | e
I | SR 6 e 0 = 36 0% 11 2364 TBGE04  TO8E06  12BE04  ABMED2  ATEE1 433605
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SNC Response

- The frequenciesvs mode number has been different between modal analysis runs done by GRC
and SNC before. Thisis mostly dueto the KA-Band antenna FEAmodel sentto SNC by GRC. For
examplethe firstmode at 74Hz (GRC) and 95Hz (SNC) is the rotation of the feedand arms on the
KA-Band antenna. Thisis due to the fact of howthat antennais mocdeled and howthe different
NASTRAN solvers treatthe COUPMASS and KEROT parameters.

- The modes with the most mass participation in the critical axis which is X are very similar. GRC
hasamodeat 199.2Hz and SNC has that modle at 198.5Hz. Thisis the modethat drivesthe
critical design featuresin IGA with the X axis beingthe mostcritical. The Y Axisis driven by tly?
same modle andit contains the 2" highestloads and stresses.
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NESC Q#6

6. Material IDs 3 and 5 do not have CTE and reference temperatures assigned.

SNC Response

- Thatis correct. However, thereis no thermal analysis being performedby this model, so
thusthe materials not havingthose propertieshave no effectonthe results. Theycanbe

added in if deemednecessaryin future analyses.
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7. Use of single layer of solid elements not recommended.
SNC Response
- Requestedadedlitional clarification from NASA GRC.
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8.

NESC Q#8

Have interface forces (SPC forces of constraint GRID 47) from random run been

reviewed.

SNC Response

- Requestedadeditional clarification from NASA GRC.
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NESC Q#9

9. 279 Nodes with no associated elements, loads, constraints, etc.

SNC Response

- These nocdes are extraneous andwillbe deletedin future analyses. Sincetheyarenot

connectedtothe model, thereis no effectonthe results.
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NESC Q#10

10. PID 400006 (38553_Arm_0.1875in_Plate) unused.

SNC Response

usedinthe analysis, thereis no effecton theresults.
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NESC Q#11

11. Thereare areaswhere QUAD4 elementsare directly connectedto QUADS elements. However,
instead of one to one element connectivity where one ofthe midsicde nodes onthe QUADS8is
deleted so both edges have a "bilinear" shape function alongtheir shared edge, this modelhas 2
QUAD4 elements connectedto one QUADS, with the cornernode between the QUAD4s
connected to the midside node ofthe QUADS. This usually isn'tgood meshing practice. This
seems to be usedas somekind of mesh transition device since the mesh wherethe QUAD4
elements are is finerthan the QUADS8 side. | have lookedandhaven'tfoundany othermesh
transition devicesinthose areas.

SNC Response

- This occurredwhen alocal area ofthe mesh was updated afterthe majority of the arm mesh
was completed. Itis understoodthatthisis notthe bestpractice butwasthoughtto be
suitable to get the load/force results thatwere critical for the interim review.

- This can be updated asthe design/analysisis continued. Allthe QUAD4 elements willbe
updatedto QUADS8 with the proper connectivity.

27
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NESC Q#12

12. Therearelarge areas mocleledwith QUADB8 elements with TRIA3 elements imbedcded in these areas. |
wouldhave expected TRIAG elements soasto be compatible with the QUADS8 elements. Butthere are
no TRIAG elements anywhereinthe deck. So when you look for free edges all ofthesetriangular
elementboundaries show up wherethe mesh is not compatible. I havenoidea howyouwouldgeta
mesherto do this. Youwould probably needto do it manually.

SNC Response

- Thiswas clone as a temporary fix due to issues duringrandom vibration with TRIAB elements. The
initial modal analysis and load recovery of critical features fromthe MEFL+3dB randomvibration
was performedwith the TRIAG elementsin place ofthe TRIA3 elements. When analysiswas done
to recover stressresults in the arm and the base where TRIAG elements are located errors were
noticedin the stressresults. Stressesinthese TRIAG elements were many orders of magnitude
higherthan the neighboringelements. Soasa preliminary look to continue with the interim review
these elementswere converted to TRIA3 elements for stress recovery only while understandling
their limitations.

- NEINastran was made aware ofthis issue andis in concurrence. They havebeen able toreplicate
theissue andare in the process offixingit. In information receivedeatliertoday,these erroneous
stressesinthe TRIAB elements areisolatedto those type of elements andtheissueis howthe
stresses/strainswere being calculated in the latest version ofthe solver. All other parameters such
as displacementand acceleration are unaffected. NEINastran is releasing an updated version of
their solverimmedliately andthis software bugwill be fixed.

- Future analysismodels ofthe IGA will usethe TRIAG elementsin the arm and base to maintain
proper connectivity to other elements.

28
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NESC Q#13

13. Therearewhatappearto be gussets or stiffeners plates underthe base plate are where the
meshesdonotline up so thereis no connectivity between the base plate andthe stiffenerin that

area. | am not sureif this is a mistake or by design.

SNC Response

- SNC agrees with this and will work on fixing this connectivity issueinthoselocal areas. The

modal analysiswillthen be reclone to see what effectifany occurs.

NESC Request No.: TI-10-00635

29




NASA Engineering and Safe ty Center Document #: Version:
. NESC-RP- 1.0
Technical Assessment Report 10-00635
Title: Page #:
Independent Review of CoONNeCT Antenna IGA Model and 54 of 5'7

Analysis

NESC Q#14

14. Thereisa large RBE2 (rigid element) on the base plate which attaches allthe bolt holesto a
central pointwhere a large massis located. This effectivelytiesthese holestogetherrigidly. So
when free-free mocdles are run as stated in the PowerPoint slides you will getthe effect of this
rigidization ofthe base plate. Not sure ifthat is whatis desired or not. This appearstobein the
modelto supportthe old "large mass"” method ofinducingbase acceleration. Newerversions of
NASTRAN have allowedyou to directly input applied acceleration withouthaving touse the

large mass method.

SNC Response

- The “large mass”"methodis a widely accepted and historically usedmethod of performing
randomresponse analysis. Thisiswhatis typically usedby SNC.

- The RBE2 onthe base plate which connectstothe node wherethe large massis located

will rigiclize the base plate. In reality the base plate will be effectively rigid along that
interface due tothe large number of 1/4-28 fasteners used to securethe base plate.

- In the free-free mocdles run this wouldtie the plate togetherand may miss some “free”
elements. Therefore, SNC hasre-run the free-free modes to showthatno “free” elements
existandthatthe previous free-free modes analysisis valid. The results are shown onthe

nextslide.
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NESC Q#14 Cont

Free-free vibration verification was performed with the RBE2 on the base removed.

NEiMASTRAN SUBCASE 1

REAL EIGENVALTUES

HODE EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED ORTHOGONALITY E
NUMBER MASS STIFFNESS LOSS HE
1 1.690572E-09 4.111656E-05 6.543904E-06 1.000000E+00 4,226429E-06 0.000000E+00 1.76
2 3.489383E-08 1.867989E-04 2.972997E-05 1.000000E-+00 B8.723458E-05 2.937706E-06 2.91
3 7.333457E-08 2.708036E-04 4,309972ZE-05 1.000000E+00 1.833364E-04 2.937706E-06 5.78
4 1.377464E-07 3.711420E-D4 5.906908E-05 1.000000E+00 3.443659E-04 2.937706E-06 6.35
5 3.357349E-07 5.794Z64E-04 9.221857E-05 1.000000E-+00 8.393373E-D4 2.937706E-06 4.81
& 1.222358E-06 1.105603E-03 1.759622E-04 1.000000E4+00 3.055694E-03 2.937706E-06 7.95
7 3.404017E+0S 5.834396E+02 9.285729E+01 1.000000E+00 3.404017E+05 2.937706E-086 5.93
RIGID=-EBODY EIGENVALUES
HODE EIGENVALUE STRAIN ENERGY
NUMBER EXTRACTED NORMALIZED EXTRACTED NORMALIZED
1 1.690572E-09 4.966402E-15 65.043615E-04 1.775437E-09
z 3.489383E-08 1.025078E-13 1.864200E-04 5.47647ZE-10
3 7.333457E-08 Z.154354E-13 2.151477E-03 6.320406E-09
4 1.377464E-07 4.046583E=-13 5.608327E-04 1.64756ZE-09
5 3.357349E-07 9.862904E-13 5.229355E-04 Z.41754ZE-09
6 1.222358E-06 3.590927E-12 3.469505E-04 1.019239E-09
PERCENT HOoOD AL EFFECTIVE
MODE T1 Tz T3 ER1 R2 E3
HUNBER
i 100 . 0000 0.0000 0.0000 0. 0000 11.8931 13.9888
2 0.0000 100.0000 0.0000 19.7640 0.0000 35.3757
3 0.0000 0.0000 100.0000 27.1951 41.3843 0.0000
4 0.0000 0.0000 0.0000 47.6326 0.0000 0.0000
5 0.0000 0.0000 0.0000 4.7319 46.7041 0.0000
[ 0.0000 0.0000 0.0000 0.6764 0.0185 50.6355
T 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
TOTAL 100.0000 100.0000 100.0000 100.0000 100.0000 100.0000
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15. Holesfor fasteners (I presume fasteners anyway) as small as 0.125" have be

modeled in with refined meshes to get down to this size. But these round holes end
up looking like small little hexagon areas in the mesh. | am not sure of the reason

for having features of this size modeled into a dynamic model.

SNC Response

- These featuresare modeled to accommodate other componentswhich are notin the
primary load path. These componentswill be added asthe system design/modelis

finalized. The coarse mesh around the mentioned areasis mainly to provide attachment
points forthe otherhardware. Thereisnot expectedtobe an stressissuesin theseregions.
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Other Items From Kenneth
Hamm 07/21/10

« Delivered deck is Normal Modes only (SOL 103)
Noloadingincluded

No dampingincluded

How were base loads input?

Would be goodto see this part of the deck

+  Constraint SPC 1-6 is included at large mass in modal run

*+ Have not had much time to do any further investigation

— Wouldliketo make changestothe mesh and correcterrors and see what differencesresult
in modes

SNC Response
— Theseadditionalrequests can be provided asrequired.
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