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MILES’ EOQUATION EACORs
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* In 1954 John Miles developed a method to calculate the Root Mean Square
(RMS) acceleration for a Single Degree of Freedom (SDOF) system excited
by a random vibration excitation.

- Simplifying assumption that the system behaves as a SDOF (i.e., all of the
system responds uniformly at a single natural frequency).

- SDOF is excited by a “white-noise” random source (constant broadband
acceleration Power Spectral Density (PSD)).

- Q is the Amplification Factor, or 1/(2 x C/C,)

November 21, 2008 2 Robert L. Towner
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* Miles’ Equation is a conservative approach for calculating an equivalent
static load factor to account for a component’s response to random
vibration excitation.

- Appropriate for calculating component interface loads.

- Not applicable for calculating the internal responses (i.e., stresses, strains,
deflections, or loads within that component).

*Random Response analysis is required to determine responses internal to
the component resulting from random vibration excitation.

- Miles’ Equation assumes that the component responds uniformly as a Single
Degree of Freedom system, and thus does not account for local responses to
internal higher-order modes of the structure.

Robert L. Towner

November 21, 2008 3 robert.towner@msfc.nasa.gov




MILES’ EQUATION GUIDELINES | 4AS988

 Calculating Random Load Factors using Miles’ Equation (Per JA-418).
- By calculation or test, determine the first natural frequency, f_ in each axis.
- Determine the resonant amplification factor, Q.
° From test data, if available.
° Estimated to be between 5 and 15 if no data is available. (C/C, of 3.33% - 5%).

- Using the natural frequency calculated above, and the applicable random
vibration input criteria, the acceleration Power Spectral Density (PSD) g%/Hz
corresponding to the natural frequency f_ can be determined. If f_falls on a
sloped portion of the PSD spectrum, PSD can be interpolated using the following:

PSD = PSD1x 10"

Where: k =0.3322x S x Iog[ij

1

S = Slope of the PSD function (dB per octave)
F, = Lowest freq. given for the portion of the PSD spectrum being interpolated.
log = logarithm to the base 10.

Robert L. Towner
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Random Vibration Spectrum
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* Preliminary structural analysis can be performed for Peak-of-the-Curve point
(i.e., 350 Hz & 0.04 g?/Hz in this case).
- Use Miles’ Equation to calculate a worst case Random Load Factor.
- Appropriate for small/lightweight components where high random load factors
won’t drive the design.

- Good for a large number of similar components, such as cabling, lines, plumbing.
Robert L. Towner
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*Random load factors were calculated for structural analysis of cabling used
on Spacelab Pallet missions.

- Large variation in configurations (small cable bundles, large wiring harnesses,
rigid plumbing lines, wire-braided flex line ...).

- Attached to a variety of locations (pallet hardpoints, honeycomb panels), with
different random vibration environments.

- Used Peak-of-the-Curve load factors (envelopes all possible applications), with the
worst-case random environment.

« Additional approaches used to resolve Margin of Safety issues:
- Used acoustic test data for the OSS-1 pallet to show cable bundles exhibit high
modal damping (Q=2.0 or C/Co = 25%).

- Performed static loads test on cable attach hardware (standoffs, channels, cable
ties) to allow use of Tested Factor of Safety (1.25 on yield/1.4 on ultimate, versus
1.4 on yield/2.0 on ultimate for untested structure).

- Calculated specific Random Load Factors for problem components (i.e., specific
cable spans, locations).

Robert L. Towner
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7.3 Acoustic Excitation Levels
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Plumbing/Cabling
Lines

Robert L. Towner
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OSS-1 Payload

The Goddard acoustic test of the OSS-1 pallet
was used to determine damping for cabling and
plumbing lines mounted to honeycomb panels
that were lightly mass-loaded. Compared
response of accelerometers mo the mounting
bracket to an adjacent accelerometer mounted
to the honeycomb panel. Test data showed the
max amplification, Q < 2.0.

Robert L. Towner
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MODAL EFFECTIVE WEIGHT CALCULATIONS

i 1T 2
Mefr - (M K]
M [x _¢2 J
*NASTRAN calculates the modal effective mass matrix from a normal
modes run (Sol 103).

- Based on A. Chopra/E. Cruz formulation presented in “Evaluation of Building
Code Formulas for Earthquake Forces” from the Journal of Earthquake
Engineering, August 1986.

« Modal effective mass is a numerical technique used to identify the weight in
each direction participating in a mode.

- Summation of modal effective mass in all modes equals the total system mass (in
each direction).

- Useful for identifying system level modes, in which a large portion of the total
system weight participates.

- Applied in random load factor derivation to calculate net force contribution
from individual natural frequencies.

Robert L. Towner
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ESTS Group
MODAL EFFECTIVE WEIGHT CALCULATIONS

* Technique for calculating less severe random loads (but more realistic), is
to use Miles’ Equation to calculate the RLF at each natural frequency,
multiply the RLF by the corresponding Modal Effective Mass to calculate
an equivalent force contributed for each mode.

* The equivalent forces for each mode are Root-Sum-Square (RSS) together
to calculate a net force due to the random loading.

*Divide the net RSS force by the component mass to determine a RLF.

RLFi = 3x\/§x frx PSDix Qi - RLF calculated at mode |I.

Feffi = RLFi x Meffi - Effective Force at mode i.

=1

Fret
RLF = Overall Random Load Factor
Wltot

n
Fret = \/ Z(Feffi)z - Net Effective Force (for modes 1 through n).

Robert L. Towner
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MODAL EFFECTIVE WEIGHT CALCULATIONS

* Developed an Excel Spreadsheet for calculating Random Load Factors

using the modal effective mass/RSS approach. Calculates RMS Acceleration
Random Spectrum:
Freq PSD n /
(Hz) (92/Hz) (dB/oct) | Composite Calc Verify Slopes/Bregkpoints
@ 20] 0.00440 1450 Jrms-1=  4.173 nl= 14.47 Y PSD-1= 0.0044
- 67] 1.50000 0.00 Jrms-2=  6.481 n2= 0.00 ./ | PSD-2= 1.4878
Add Random Spectrum (i.e. 95 1.50000 | -20.00 | rms-3=__ 3.689 n3= -20400 PSD-3=_1.5000
frequency breakpoints, PSD | 109] 0.60000 | 0.00 |rms-4=  9.198 n4=4,00 PSD-4=_0.6018
levels, and slopes. 250] 0.60000 | -10.00 §rms-5=  7.986 96/: -8.99 PSD-5= 0.6000
2000] 0.00118 0.00 [rms-6= 0.034 |~ n6=0.00 PSD-6= 0.0006
\_ | 2001] 0.00118 0.00 | Grms= 14.8804
Add amplification factor, Q » Q= 10 Total Mass= 10.00 <— Enter Overall Component Mass
Randorp_Load Eactor Calculation (Based on RSS of Random Forces using Modal Effective Weights)
Mode Fn Eff Wt Fo PSDo Slope PSDi RLFi Force | Subtotal RLF
1 200.40 7.260 109 0.6000 0.0 0.60000 | 130.4 946.5 94.65
2 254.10 0.000 250 0.6000 | -10.0 | 0.56844 | 142.9 0.0 94.65
3 305.20 0.000 250 0.6000 -10.0 | 0.30926 115.5 0.0 94.65
4 305.40 0.129 250 0.6000 -10.0 | 0.30858 115.4 14.9 94.67
5 392.20 0.000 250 0.6000 | -10.0 | 0.13442 86.3 0.0 94.67
- 6 418.10 0.000 250 0.6000 -10.0 | 0.10870 80.2 0.0 94.67
Enter Frequencies from /; Wi Sum= 7,389 Residual Force (Delta Wt x 3 x Grms)= 116.6
NASTRAN run. Eff Wt Ratio= 73.89% Primary Force-RSS= 46.7
Delta Wt=  2.611 RLF= 954 )
\
Enter modal effective mass Overa” Random Load FaCtOI’

from NASTRAN run.

Robert L. Towner
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* The analysis method that best predicts the response of a structure to a
random vibration environment is a random response analysis (SOL 111).

- Uses a modal frequency response analysis to include the dynamic characteristics
of the structure.

- Acceleration PSD spectrum is applied at the structural interfaces,

- Responses are recovered as Root-Mean-Squared values of acceleration,
displacement, element force, stress, strain, or numerous other physical
responses to the random excitation.

Random Response analysis allows for the recovery of internal responses of
the structure, while Random Load Factors are only suitable for calculating
Interface loads.

 MSC/Random automates and expands the functionality of random
response analysis via the Patran environment.

Robert L. Towner
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Benchmark Comparisons (Sample Cases)

November 21, 2008
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Single Degree-of-Freedom Comparison
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Two Degree-of-Freedom Comparison
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Two Degree-of-Freedom Comparison
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Two Degree-of-Freedom Comparison
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Three Degree-of-Freedom Comparison
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Four Degree-of-Freedom Comparison
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Simply Supported Beam Comparison
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Cantilever Beam Comparison
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LMS Circuit Breaker Panel
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RANDOM LOAD FACTORS
LMS Circuit Breaker Panel

CIRCUIT BREAKER PANEL INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESP
(RE-DESIGN OF CIRCUIT EREAKER PANEL WITH 0.19 INCH THICKNESS)

iuacoBs

ESTS Group

Axis Grid No. RLFMethod | X (Lbs) Y {Lbs) Z (Lbs) RSS Force
| Miles Equation -13.8 0.4 3.5 14.2
121 | Eft. Wi/RSS -5.0 -0.1 1.8 51
Random Response 4.6 1.2 2.8 5.5
Miles Equation -12.1 0.4 -3.2 12.5
133 Efi. Wi/ASS | -4.4 01 1.2 45
Random Response 4.4 1.8 ' 2.7 5.4 |
| Miles Equation -13.2 =47 0.6 14.0
141 Ef. W/RSS | 48 | 1.7 0.2 51
Random Response 4.9 4.3 0.5 6.5 |
| Miles Equation -12.1 4.6 -0.5 13.0
153 | Efi. W/RSS -4.4 1.7 -0.2 4.7
X-Axis i Random Response 4.6 a.7 0.5 6.0
o Miles Equation | -8.4 -3.2 -0.4 9.9 |
161  Ef. Wi/RSS = -3.4 -1.1 -0.1 3.6
Random Response | 2.9 2.8 0.8 41
- Miles Equation -8.9 33 0.2 9.5
173 Eff. WL/RSS -3.2 1.2 01 | 8.4
Random Response 2.8 2.3 0.8 a.7
Miles Equation 7.4 0.0 | -4.3 | B.6
201 Eff. WL/RSS -2.7 0.0 -1.6 3.1
Handom Hasponsa 2.8 0.5 2.5 3.8
Miles Equation -7.4 0.0 4.2 B.5
213 | Eff. Wt/ASS | -2.7 0.0 15 3.1
| Handom Response 2.7 0.7 2.4 3.6
Hotes: 1. Miles BEguation Loads RLFx=12.05 g; RLFy=10.76 g; RLFz=12.80 g

2.
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Effective Weight/RS5S5 RLFx=4.35 g; BLFy=7.69 a; RLFz=1.63 g
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RANDOM LOAD FACTORS 99

LMS Circuit Breaker Panel
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RANDOM LOAD FACTORS

LMS Circuit Breaker Panel

CIRCUIT BREAKER PANEL INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESP

(RE-DESIGN OF CIRCUIT BREAKER PANEL WITH 0.19 INCH THICKNESS)

iuacoBs

ESTS Group

Axis Grid No. RLF Method X (Lbs) Y (Lbs) | Z (Lbs) RSS Force

- Miles Equation @ -1.7 -12.3 =01 12.4
| 121 Ef.WLARSS | 12 | 88 -0.1 8.9

Random Response 1.6 9.3 | 0.6 9.5
B Miles Equation 18 | 116 | 0.2 - 11.7
133 | Eff. WL/ASS 1.3 -8.3 -0.1 B.4

Handantaspnnsa| 1.8 84 | 0.6 8.7 |
__Miles Equation -7.2 . =101 0.7 12.4
| 141 | Ef. Wt/RSS | -5.2 -7.2 0.5 8.9
Random Response | 5.2 7.3 1.1 9.0
Miles Equation 7.1 | 8.8 | 08 12.2
153 Eff. WL/RSS | 5.1 -7.0 0.4 8.7

Y-Axis Random Response 5.3 7.2 1.0 8.0
Miles Equation |  -2.3 111 0.1 11.3
161 Eff. WI./RSS | -1.6 -7.9 0.1 8.1
ARandom Response 1.6 7.2 0.6 7.4
{_Miles Equation 2.4 111 | 0.2 11.3
173 Ef. WtRSS | 1.7 79 | 04 8.1
Random Response 1.9 7.2 0.5 7.5
Miles Equation -1.1 -4.6 0.7 4.7
201 Ef. Wt/RSS | -0.8 -3.2 -0.5 3.4
Random Response 0.8 2.9 0.6 3.1
Miles Equation 1.1 -4.8 -0.6 4.9

213 | EM.WL/RSS @ 0.8 3.4 -0.4 3.5 |
| Random Response 1.0 3.1 0.7 3.3

Notes: 1. Miles Bguation Loads RLFx=12.05 g; BLFy=10.76 g@; RLF=z=12.80 g

a.
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Effective weight/RSS RLFx=4.35 g; RLFy=7.69 g; BLFz=3.63 g
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RANDOM LOAD FACTORS 99

LMS Circuit Breaker Panel
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RANDOM LOAD FACTORS

LMS Circuit Breaker Panel

CIRCUIT BREAKER PANEL INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESP
(RE-DESIGN OF CIRCUIT BREAKER PANEL WITH 0.19 INCH THICKNESS)

iuacoBs

ESTS Group

AXIS GridNo. | RLFMethod | X (Lbs) ¥ ({Lbs) | Z (Lbs) R33 Force

Milas Equation 15.9 122 -10.3 22.5

121 Eff. WiL/RSS 45 3.5 -2.9 6.4

a ' Random Response 3.5 11.0 3.4 12.0
. Miles Equation -15.5 14.5 -10.1 ~23.5

133 Efl. WL/RSS -4.4 4.1 28 | &7

B Random Response 3.5 10.5 3.3 11.5
| | Miles Equation 0.5 0.7 -13.8 13.8
141 Eff. WL./RSS 0.1 0.2 -3.9 3.8
Random Response 0.5 1.5 4.1 4.4

Miles Equatien  ~ -0.8 0.8 -13.4 13.5

163 Eff. WL/RSS -0.2 0.3 -3.8 3.8
Z-Axis | | Aandom Response | 0.4 1.4 4,0 4.2

- Miles Equation = -5.4 5.2 -12.3 14.4
161 Eff. Wt./RSS -1.5 -1.5 -3.5 4.1
Random Response 1.7 4.6 3.7 6.2

Miles Equation 5.5 -6.3 -11.8 146
173 | Effi. WiL/RSS 1.6 -1.8 -3.4 4.1
Random Response 1.7 4.7 3.6 6.2

Miles Equation |  -12.1 7.7 | -8.0 16.9

201 | Eff. Wi/RSS -3.4 -2.2 -2.5 4.8
Random Response | 2.0 6.8 2.1 7.4

B . Miles Equation 11.9 | -9.1 -8.8 17.3
213 EH. WL/RSS 3.4 | 28 -2.5 4.3
Random Responsa 2.1 | 7.0 2.2 7.7

Notes: 1. Miles Eguation Loads RLFx=12.05 g; RLFy=10.76 g; ELFz=1Z.B0 g
Effective Weight/RS5 RLFx=4.35 g; RLFy=7.69 g; HLFz=3.63 g

2.
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Practical Examples

Middeck Glovebox Assy - Spacelab Rack-Mounted Configuration
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RANDOM LOAD FACTORS I3 JacoBs

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration
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RANDOM LOAD FACTORS Fd JacoBs

.. ESTS Group
”M-“ Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration
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RANDOM LOAD FACTORS I3 Jacoes

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration

ode | Freq. Modal Waeight
No. | (Hz) Mode Shape Description X (Lbm) | Y (Lbm) | Z (Lbm)
| Model Weight = 115.7 Lbs.
1 74.4 | Work Area Z-mode. 0.000 | 0.028 | 3.551

2 | 76.1 | Local mode of rear support frame paneis. 0.000 0.917 | 0.009
3 77.1 | Local mode of rear support frame paneis. 0.000 0.000 1.834
4 | 81.2 |Local mode of Inieiface Frame bottom panel.l 0.008 0.084 0.548
5 | 88.2 | Local mode of Interface Frame top panel 1.465 | 0.283 | 2.591
6
7
8

102.0 | MGBX system X-mode. 57.321 0.462 | 0.039
112.4 | Local in-phase mode of Fiter Framaes. 0.635 | 2.154 | 0.005
122.3 | Local mode of I/F bottom and back panels. 0.303 [13.219 | 2.811
9 |125.9] Local I/F bottom panel/rear supt frame panel.] 0.035 | 4.626 | 7.911
10 | 126.1 | Local mode of Work Area bottom panel, 0.000 0.001 0.028
11 ]126.5] Local mode of rear support frame paneis. 0.000 | 0.012 | 0.010
12 |127.4 ] Local I/F bottom panei/rear supt frame panel.] 0.031 4.085 5.379
13 |138.8 | Local mode of Work Area top panel. 0.132 | 0.002 0.242
14 |141.1 | Local mode of Work Area top panel. 0.096 0.000 0.412
17 | 160.5| Bending of fiter/stowage hsg rear baseplaie.| 0.026 |26.637 [15.680
20 |175.1 | Bending of fiter/stowage hsqg rear basepiate.] 0.231 9.002 7.919

24 |184.1 |Work Area twisting about the Y-axis. 3.544 | 0.040 | 0.057
26 |200.1| MGBX system Y-mode. 0.033 |39.860 | 5.018
November 21, 2008 36 Robert L. Towner
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RANDOM LOAD FACTORS

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration
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RANDOM LOAD FACTORS I3 JacoBs

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration

MGBX INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESP (STD SL-RACK)

Axis GridMNo. | RLFMethod | X (Lbs) ¥ (Lbs) Z (Lbs) RSS Force
| Miles Equation | -622.3 | -126.1 -207.9 668.1
624 Eff. W1/RSS -331.8 -67.2 _ -110.8 356.2
Random Response 498.5 203.6 4347 692.0
| Miles Equation | 198.1 | -62.7 52.1 214.2
625 Eff. WI/RSS 105.6 -33.4 27.8 (356.2)
Random Response 167.2 | 142.2 86.7 .
Miles Equation =~ 45.0 -68.1 | 253 | 855
_B26 | EfW/RSS | 240 | -363 | -13.5 45.6
Random Response 521 176.5 B89.6 204.7
Miles Equation =~ 19.3 -45.2 | aze 59.7
627 __Eff. WiL./RSS 103 | -244 o 18.1 31.8
Random Response 34,2 70.0 30.0 83.8
Miles Equation 97.4 |  -67.4 91.5 149.6
628 | Eff. WL/RSS 519 | .359 48.8 79.8
Random Response 2.2 173.4 58.1 200.5
Miles Equation -637.9 -267.3 | -14.2 691.8 |
628 | Eff. Wi/RSS |  -340.1 -142.5 -7.8 368.8
Random Response|  402.1 250.4 163.7 505.7
Miles Equation -626.4 | 1253 | 201.8 | 6699
844 Eff. Wt/RSS -333.9 | 66.8 107.6 357.1
X-Axis Random Response| 4914 | 187.0 420.3 §76.0
| Miles Eqguation 194.7 | B1.7 |  -50.7 210.5 |
645  ENWWRSS | 1038 = 329 =270 | 1122
Random Response 159.5 140.4 78.2 206.8
| MilesEquaton = 438 | 67.2 | 25,8 | 84.1
646 | EN WL/ASS 23.2 358 | 138 44.8
Random Response 48.7 176.1 81.6 200.1
Miles Equation =~ 22.2 45.3 =318 59.7
647 Eff. Wt/RSS | 11.8 242 | 170 | 31.8
Random Response 32.7 | 71.0 25.4 82.2
o Miles Equation 104.5 688 | -g05 | 1544 |
648 Eff. Wi/RSS 55,7 | 367 | -48.2 82.3 |
Random Response 88.2 176.8 50.8 204.0
Miles Equation -644.2 | 268.3 16.0 698.0
649 Eff. WL/RSS -343.4 | 1430 8.5 3721
Random Response| 405.8 | 267.6 | 157.4 510.9
_ | Miles Equation |  -75.8 12.8 -43.1 88.2
700 Ef. Wi/RSS | -405 | 6.8 | -23.0 47.0 |
Random Response|  30.8 |  22.9 47.6 61.2
_Miles Equation = -75.8 | -12.6 | 425 _ B7.8
800 Eff. WL/RSS -40.4 | -6.7 22.7 46.8
| Random Response.  31.1 30,8 | 538 | 73.3

Motes: 1. Miles Equaticon Loads RLFx=16.9 g; RLFy=21.1 g; RLFz=18.5 g
2. Effective Weight/RSS RLFx=9.0 g; RLFy=8.8 g; RLFz=6.4 g

November 21, 2008 38 Robert L. Towner
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RANDOM LOAD FACTORS I3 JacoBs

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration
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RANDOM LOAD FACTORS I3 JacoBs

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration

MGBX INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESP (STD SL-RACK)

Axis GridNo. | RLFMethed | X (Lbs) Y (Lbs) | Z(Lbs) RSS Force
| Mies Equation | 322.3 -476.5 57.0 | 578.1
624 Eff. WL/RSS 133.8 | -197.8 _23.7 _ 240.0
Random Flespume| 5.8 173.2 | 156.6 248.8
__ Miles Equation | 17.3 | -31.2 | 1.4 35.8
625 Ef. WL/RSS | 7.2 -13.0 06 | 148
Random Response 52.4 | 60.9 30.4 85.9
B | Mies Equation ~ -53.3 | -354 ~  -64.3 | 909
626 | ENWLRSS | -22.1 | 1489 | -26.7 37.8
Random Response 17.3 | 76.8 30.0 84.2
~ Miles Equation | -84.3 | .21.4 _ BB.6 117.4
627 | EH.WwRSS | 391 | -89 | 277 | as7 |
Random Response| 193 | 349 33.4 52.0
| Miles Equation 19.1 | -20.8 | 1421 146.5
628 Eff. WL/RSS 79 | 124 | 530 | 608 |
Random Response 50.1 | 80.1 47 .1 113.3
| __Miles Equation 578.8 | -596.1 | -250.7 | BE7.9
629 | Ef. WL/RSS | 240.3 -247.5 | -104.1 | 360.3
Random Response 152.3 | 204.4 69.0 264.0
Miles Equation | -318.4 | -450.8 55.0 561.8
644 | Eff. WL/RSS -132.2 | -190.8 | =28 | 2332
Y-Axis Random Responss|  103.1 | 174.9 140.6 247.0
- __| Miles Equation -18.0 -31.7 . -0.8 ] 364
| 645 _EH. WL/RSS 75 | -13.41 -0.3 15.1 |
| Random Response.  63.2 | 59.4 35.4 93.7
| - Miles Equation 51.4 -33.1 ~ -83.¥ | 88.3
648 | Ef.WLARSS | 21.4 -13.7 | -26.5 36.7 |
Random Response 206 | 796 34.5 B9.2
[ Miles Equation |  94.9 | -19.6 65.4 |  116.9
647 EM. Wi/ASS | 239.4 | -1 | a7 48.5 |
Random Response 17.5 36.6 34.4 53.2
- | Miles Equation -10.8 | 257 134.8 137.6
648 Eff, Wt./ASS -4.5 -10.7 55.9 57.1
B  |Random Response| 473 | 844 | 479 115.9
| | Miles Equation -587.4 | -5722 -243.2 _ B55.3
B48 Eff. WL/RSS 2439 | 2375 -101.0 355.1
Random Responsa 143.8 208.9 71.1 263.4
| Miles Equation 9.1 | 547 | 46.2 72.1
700 | EH.Wt/RSS | 3.8 -22.7 19.2 29.9 |
Random Response 6.4 51.0 84,1 107.2
Miles Equation . -10.7 | -53.8 | 54.2 - 77.2
| 800 | EH.WL/RSS | -4.5 -22.4 225 | azp
Random Response 5.2 49.1 B3.6 a7
MWotea: 1. Miles Eguaticon Loads RELFx=16.9% g; RLFy=21.1 g; RLFz=18.5 g
2. Effective Weight/RSS RLFx%=9.0 ¢; RLFy=3.8 g; ALFz=6.4 g Robert L Towner
November 21, 2008 40
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RANDOM LOAD FACTORS I3 JacoBs

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration
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ESTS Group

Middeck Glovebox Assembly - Spacelab Rack-Mounted Configuration

MGEX INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESP (STD SL-RACK)

[ Grid No. RLFMethod | X {lLbs) | Y (Lbs) | ZiLbs) RSS Force
| Miles Equation -43.2 | 101.8 | -182.4 213.3
624 | Eff. WiL/RSS -149 | 3sz2 | -83.0 73.7 |
Random Response 71.0 | 204.9 148.2 262.7
Miles Equation -21.9 16.8 -121.3 124.4
625 Eff. Wt/RSS -7.6 5.8 =419 73.7
Random Response 46.1 60.7 44.9 88.4
B | Miles Equation | -6.1 | 8.7 | -8B1.0 81.7
628 Eff. WiL/RSS | -21 | 3.0 [ -28.0 28.2
Random Response 21.0 27.4 50.5 61.2
Miles Equalion 13.3 0.7 | -108.4 108.2
627 Eff. WL/RSS | 4.6 0.2 -37.5 377
T Random Response 10.6 12.3 58.2 60.4
[ | Miles Equation 31.7 -1.1 | 888 | 925
628 | Ef.WL/ARSS | 11.0 -0.4 | -3o.0 32.0
Random Response 25.5 ! 54.2 55.4 81.6
- | Miles Equation 82.0 | -131.8 -235.2 281.8
629 | Eff WL/RSS 28.3 | -45.6 81,3 | 974 |
Random Response 63.5 144.7 131.3 205.5
__Miles Equation | 22.4 | 90.8 -171.4 195.2
644  ENWLRSS | 7.7 | 314 -59.2 67.5
Z-Axis | Random Response 116.5 201.8 120.1 262.2
__Miles Equation |  27.8 | 16.0 -119.7 | 1240 |
645 Efl. Wi/RSS 9.6 55 | -41.4 42.8
'''' | Random Response 67.2 57 .4 46.8 100.0
B Miles Equation 9.1 | 8.2 -82.9 83.8
646 | Efl. WL/RSS 3.2 28 | -286 29.0
Random Response 28.2 24.0 | 50.9 62.9
- | Miles Equation | -13.7 | 0.5 | -106.1 107.0
647 | EH WL/ASS | 4.7 | 0.2 | -36.7 37.0
Random Response 10.7 11.9 56.0 58.2
| Miles Equation -33.9 | -1.5 | -84.5 a1.1
648 | Eff. Wr/RSS | -11.7 -0.5 -29.2 31.5
Random Response 23.1 56.1 51.3 79.4
|| Miles Equation -67.00 | -120.3 | -222.6 261.8
| 648  Eff. WtL/RSS -23.1 | -41.6 | -76.9 80.5
Random Response 47.0 144.1 121.2 194.1
| Miles Equation -2.4 5.8 -272.9 273.0
700 | Eff. Wi/RSS 08 18 843 | 943
Random Responsa 1.8 221 155.0 156.6
| | Miles Equation 1.9 | 5.5 . -267.7 267.7
8§00 ___Eff. Wt./RSS 0.7 1.9 -92.5 825
Random Response 2.7 22.8 151.4 153.2

Hotes: 1. Miles Equation Leoads RLFx=16.9 g; RLFy=21.l1 g; RLFz=18.5 g
2. Effective Welght/RSS RLFx=9.0 g; RLFy=B.8 g; RLFz=6.4 q

November 21, 2008 42 Robert L. Towner
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Hi-Pac DTV Comparison (Electronics box with a base flange)
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RANDOM LOAD FACTORS Id JacoBs

Hi-Pac DTV Comparison (Electronics box with a base flange)

X-Axis Input

Input at the interlace with HFSS (Ref. PDAC CF1 Speci 105PC0327 Table 3-8 |
5.0x10% I 100 FOI= (20 PSDO1=0.0044  nmi=145 [ _Grmsie|4.17 [ 14.88
|67 PBDO2=1,500 Grms2s|6.48 !
Fraguancy Level T |98 PSDO3= 1,500 Grme3=|3.69
0044 g2Hz (-] o o _ Fod= 108  PSDO4=0.600 Grmed-=[8.20 .
+14.5 dBvoct ) FO5 = 250  PSDO5=0.600 | Gmes=|7.99 .
1.500 g2z | | FO6 = 2000 PSDO6=0.001
1.0x10" -20.0 divoct [} [ | Grms=|14.88 -
0600 g2z [ g4 a=_ |10 |
-10.0dBloct | 1 1 l S
T4 T I 0.0118 gaiHz| | Anclysis rosulls from USMIL-2 HI-PAG DTV PDAC Module Model (Run 4 7/9% on GSA.94) | o
s .f — \ Composite 149Gms || FREQUENCY FO | PSDO SLOPE | PSD | ALFH | EFW | ALFAMS) | ALF(SQ) |RLARSS)  ALRIEFFW) |
I N I - — 200.4 109 | 0.600  0.000 | 0.600 130.36 | 7.260 946.4 |8.9573E+05| 8464 | 94,5
[ | i 254.1 | 250 | 0.600 -10.000| 0.569 142,92 | 0.000 0.0 | 0.0000E+00| 946.4 94,8
; 305.2 | 250 | 0.600 -10.000| 0.309 | 11550 | 0.000 0.0 | 0.000DE+00| 946.4 |  84.6
w7 toe! F———f— = 305.4 | 250 | 0.600 -10.000| 0.30% | 115.42 | 0.128 | 14.0 2.2168E+02 946.5 | 94,7
~£ - I - 2 392.2 | 250 | 0,600 [-10.000] 0.134  ©6.34 | 0.000 0.0 | 0.0000E+00 8465 | 947
o} I - m 418.1 | 250 | 0.600 |-10.000) 0.109 | 80.16 | 0.000 | 0.0 |0.CO00E+00 946.5 94.7
o - Iy A 448.1 | 250 | 0.600 |-10.000 0.086  73.95 | 0.000 | 0.0 |0.0000E+00 946,56 4.7 |
o ! E 458.5 | 250 | 0.600 [-10.000) 0.080 | 72.01 | 0.000 | 0.0 | 0.0000E+00) 5946.5 94.7
& & | 4839 |250 0.600 |-10.000 0.077 | 71.04 |0.000| 0.0 | O0000E+D0 9465 | 94.7
5 = 498.9 | 280 | 0.600 [-10.000 0060 | 6513 | 0000 0.0 | 0.0000E+00 946.5 @ 94.7 |
@ g 523.5 | 250 | 0.600 [-10.000) 0.052 | 61.75 | 0.000| 0.0 |0.0000E+00| 946.5 4.7
@ = §77.1 | 250 | 0.600 [-10.000  0.037 [ 55.14 | 0.000| 0.0 |0.0000E+00| 9465 | 947
Z = 697.2 | 250  0.500 |-10.000 0.070 | 44.27 | 0.000 | 0.0 |0.0000E+00| 946.5 947
g 7161 | 250 | 0.600 -10.000] 0.018 | 42,91 [0.100[ 4.3 [1.8415E401| 946.6 @ 94.7
755.3 | 250 | 0.600 -10.000| 0.015 | 40.34 | 0.000 | 0.0 |0.0000E+00 946.6 947
756.4 250 0.600 -10.000) 0.015 | 40.27 | 0.000 | 0.0 | 0.00DDE+00 946.6 94.7
BET.1_ | 250 0.600 -10.000] 0.010 | 3437 | 0000 | 0.0 |0.0000E+00 946.6 84.7
9626 | 250 | D00 [-10.000] 0.007  30.44 | 0000 0.0 |0.0000E+00 946.6 04.7
968.8 | 250 0.600 [-10.000] 0.007 | 30.21  0.000 0.0 [0000DE+00 946.6 947
a I 1230.1 | 250 0.600 -10.000 0.003 | 22.80 | 0.000 | 0.0 | 0.0D00E+00 D46.6 84.7
R e 1616.9 | 250 | 0.600 |-10.000 0.001 | 16.67 | o002 | 0.0 1.1116E-03 | 946.6 84.7
e 1735.8 | 250 0.600 |-10.000 0.001 1535 | 0.000 | 0,0 | 0.0000E=00 9466 |  94.7
- i 17851 | 250 | 0.600 [-10.000 0.001 | 14.77 | 0.000 | 0.0 |0.0000E+00 946.6 |  94.7
— , 1 18707 | 250 0.500 [-10.000/ 0.001 | 1325 | 0000 0.0 |0.0000E+00 946.6 |  04.7
B . BEE ' [ } _Ewsam | 75 | ALF(ASS)=  946.6
! ! A —— : i [ | i EFFWRATIO 075 | MASS=| 10 ]
P | o I | | B | ! ALF= 847
1.0x10 || | | - Ll 0.0 [ [ u&am.: 2.509 _ e
20 100 1000 2000 | IxGrms= | 44.639 ALF: 85.3

Frequency (Hz)

Robert L. Towner
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RANDOM LOAD FACTORS I3 JacoBs

Hi-Pac DTV Comparison (Electronics box with a base flange)

X-Axis Input

HI-PAC-DTV PDAC INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESPONSE

Axis RLF Method | X(Lbs) | Y (Lbs)
Miles Equation | -194.2 = -166.1 |
Eff. Wi/RSS | <1418 -121.4
Handom Response 138.9 . 142.3
S | Miles Equation | -2636 = 0.0
4 _Eff. WI/RSS | -192.7 0.0
Random Response 1958 0.0
. Miles Equation = -184.2 = 166.1 | : .
6 | EMWLRSS = -141.8 | 1214 = -3852 | 428.1
X-Axis Handom H&ﬂ. 138.9 142.3 216.5 553.5
 Miles Equation | -194.2 | 166.1 527.1 585.8 |
44 | EM.WL/RSS = -141.8 | 1214 3852 | 428.1 |
Random Response 138.9 1423 | 518.5 553.5
_Miles Equation |  -263.6 | u n I u 263.6
46 | Ef. Wi/RSS | 1927 | 192.7
Random Response 195.9 } - 195.9
| Miles Equation | -194.2 -1551 | -52?1 585.8
48  ENl WI/RSS -141.9 | -121.4 | 3852 |  42B.1
Handom Response 138.9 : 142.3 516.5 253.5

Notes: 1. Miles Equatien Loads RLFx=130.4 g; RLFy=65.1 g: RLFz=80.2 v
2. Effective Welght/RS55 RLFx=895.3 g; RLFy=331.7 g; RLFz=67.9 g

Robert L. Towner
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Acoeleration PSD (GX/Hz)

Y-AXxis Input

RANDOM LOAD FACTORS

Hi-Pac DTV Comparison (Electronics box with a base flange)

iuacoBs

ESTS Group

5010’ T — I N I s s s s s i 0.0 fpaat the interiace wih HF 55 (Fel. PDAC GEI Spec/410SPCO327 Table 35)_ [ — . —
roo 0 - ilera| | FOi = (20 |PSDO1-/0.004 | m_-|14 5 | Grrns‘l--u? T
I Erequency Level i Fo2 = nE
R I L g 2O0Hz 0044 g2iHz |- | Foa= .50 |
20- 67 He +14.5 dBfoct | 790 | Foé |PSD04 = | neoo n-l-D |
67 - 95 Hz 1,500 g2/Hz  F05 < |250 |PSDOS=(0.600 !
1.0x10° 95-109Hz  -20.0 dBloct [ FOG = 2000 PSD0E =|0.001 T _
109-250Hz  0.600 g2/Hz S R — ! 4.88
2502000 Hz  -10.0 dBfoct t_LE-"’ Q= |10 | _1_ - | — ||__ I
2000 He Stk I hnalymmululrm USML-2 HIPAC DTV PDAC Module Model (Run 4/27/85 on CSA '84) | T
FREQUENCY| FO | PSDO | SLOPE _ PSD | FALF() | EFPW | Fomn | RLF(SC)  ALFRSS) | RLFREFFW) |
200.4 | 109 | 0.600 | 0.000 | aﬂou 130.38__ 0.000 | 0.0 [0.0000E+00] 0.0 | 0.0
| 2541 | 250 0.600 |-10.000 0.569 | 142.92 | 0.000 0.0 |0.0000E+00, 0.0 | 0.0
4 .'3|:|5 2 | 250 0.600  -10.000 naus_l_ 115.50 | 0.00 uuu" | ,u_un_nsagc_ﬂ on AN n__a_ ]
1.0:10 z | 3054 250( 0.600 -10.000 0.309 | 115.42 | 0,000 | .D000E+00 )
8 | 9822 | 250 0.800 |-10.000 3| 0.134 | B86.34 | 0.371 | 32,0 1.0261E+03 321: J
8 | 4181 | 250 0.600 -10.000 0.109 | 80.16 | 0.000 | 0. n a |o.0000E<00] 320 | _3.2__
M | 4481 | 250 0.600 [-10.000 0.0B6 | 73.85 | 0.000 0.0 |0.00COE+D0 320 | 32 |
E 4585 | 250 | 0.600 -10.000] 0.080 | 7201 | 0.000 _u q_ 0.0000E+00| 3206 | 8.2
= 463.9 | 250 | 0.600 |-10.000] 0.077 | 71.04 |1_“;’$' _74.5_|5.5431E.03 81| 81
= | 499.9 |250 0.600 -10.000, 0.060 | 5.13 |4.604| 299.9 [8.9924E.04] 310.6 |  81.1 _
w | 523.5 | 250 | 0.800 | -10.000| 0,052 | 51.7540.299 14.8  21779E+02] 311.0 | 31.1
2 D | 5771 | 250 0.600 |-10.000 0.037 5514 | 0.000 | 0.0 |0.000DE+0D, 811.0 | 311
1.0:10™ Z | 6972 250 0.600 -10.000| 0.020 | 44.27 | 0.000| 0.0 0.0000E+00] 811.0 | 311
§ 716.1 | 250 | £.600 |-10.000) 0,018 4291 [0.000| 0.0  0.0000E+00  311.0 31.1
= | 785.3 | =250 0.600 |-10.000, 0.015| 40.34 | 0.180| 6.5 [4.1656E+01, 311.1 31.1
766.4 | 250 | 0.600 -10.000] 0.015 40.27 0.000 | T0.0_ 0.0000E+00] 3111 | @11
867.1 | 250 | 0.600 [-10.000' 0,010 | 34.37 | 0.000| 0.0 | 0.0000E+00 311.1 | 31.1
" 962.6 | 250 | 0.600 |-10.000 0.007 | 30.44 To.000] 0.0 [0.0000E+00] 311.1 31
968.9 | 250 0,600 -10.000( 0.007 30.21 T o.ose| 1.7 28e21E+00| 3114 | 311
| 1230.1 | 250 | 0,600 |[-10.000) 0,003 | 22,90 Tosle| 142 | zoomeEs0z 3114 P_ 311
10102 16168 | 250 0,600 |-10.000| D001 | 1667 | D.000| 0.0 |0.0000Es0D| 314.4 | 811
V1 1735.5 | 250 | 0.600  -10.000| 0.001 | 1535 | 0.000| 0.0  0.0000E+00| 511.4 | 311 |
| 17951 | 250 | 0.600 -1u._uou| 0.001 | 14.77 | 0.000| 0.0 0.0000E+00 3114 [ 311
7l 1970.7 | 250 | u,m|-1_u.ugu pot | 1325 | 0.000| 0.0 | 0.0000E+00] 31 1._4_,_ EIR
I A R R R o O I N N R CTERRNSLM | 7| HLF_(ES] 1mna_
T R R SR N E—| EFFWRATIO| _0.71] = p— §
S N A S . N . - o 1 - ) _ I __HLF= 31.1 —
. . — 1 T 'I' Dot W= | 2904 [ :| ]
I | i | IxGms=_ | 44639 ALF= 33.7
10010 . . 1 0.0
20 1000 2000
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RANDOM LOAD FACTORS I3 JacoBs

Hi-Pac DTV Comparison (Electronics box with a base flange)
Y-AXxis Input
HI-PAC-DTV PDAC INTERFACE FORCE COMPARISON - MILES EQN, EFF WT/RSS, RANDOM RESPONSE

Axis Grid No. ALF Method I X (Lbs) i Y ( !Lha! Z (Lbs) FIEFM::!
| Miles Equation 21.6 | -1208 | 71.5 ~ 1421
2 EM.WL/ARSS | 11.2 -62.8 ar.0 | 73E |
Random Response  21.1 98.5 B84.8 131.7
[ Miles Equation 0.0 | -83.7 | 77.3 ~ 113.8
4 | EM.WLRSS | 0.0 r -43.3 | 40.0 59.0
| | Random Response 0.0 58.8 82.0 108.2
— | Miles Equation -21.6 | -120.8 |  71.5 1421
6  EffWwmRSs 0 112 | -826 | 37.0 73.6
| Y-Aus | __ Random Response 21.1 98.5 B84.8 131.7
[ — Miles Equation 21.6 -120.9 71.5 1421
44  EM WL/RSS 1.2 | -626 | -37.0 | 736
Random Response 21.1 98.5 B4 .8 131.7
‘ ~_ Miles Equation | 0.0 -83.7 -T73 113.9
46 EM.WI/RSS = 0.0 | -433 | -40.0 | 58.0
| _Random Response| 0.0 588 | 92.0 109.2
| MilesEquaton | 218 | -120.9 71.5 1421
| 4B  EM.WLARSS | 112 -82.6 -37.0 | 736
|Random Response.  21.1 | 985 84.8 131.7

Moktes: 1. Miles Eguation Loads RLF}:_IH-EI--'J g; BLFy=65.1 g; RLFz=80.2 g
2. Effective Weight /RSS RLFx=95.3 g; RIFy=313.7 g; RLFz=67.9 g

Robert L. Towner
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Hi-Pac DTV Comparison (Electronics box with a base flange)

Z-Axis Input

5.0¢10° 10.0
E - —
[ - FE
-9.0
T e —
- . eo
1 — 70
1.00107" —
60
] |
L e Fso
1.0 4 ] - ————
17 1 67 = 95 Hz 1.500 g2iHe |- i 11" N E——— N |
| — 85100 Hz  -20.0 dBinel I
] 100-250Hz 0,600 g2/Hz — T T —
250-2000Hz -10.0dBfoct | | | BRI
2000 Hz 0.0118 g2/Hz 3.0
4 Composite 148G6ms |— SR T . W
1'&,:1{:-3 n — N T— - 'I N ) A N f— 1 — ol
SRR N N T I N NN | N It
§ IR SR S S N A S — _ —
1.0x104 - L | I 0.0
20 100 1000 2000
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Input al the inlortace with HESS (Rel. PDAC CEI Spec/4105PC0327 Table 3-5) |

| Fot = |20 | PSDO1=0.004 - Grmsl=[4.17 i___nfa_'a'____ -
Flz = |67 |F5002=1500 | nf-= | | Gmez=igas | -
FO3= |85 anu:a_b 500  nd=-20 | _Grmsa=jaes | ’__ ]
| Foa= 109 PSD04=0.600 | n4_=ln_ T _|%]sgn_ B o
| Fos = n§ ] | Grmss=7.99 - _‘ -]
Fo& = né
- | ] i Grms=_14.88 _l R

___ _:__,_.l SR P S N ] _Grme=n488 | ]
—as fio |- e —— R I A T I

Analysis rasulis from USML-2 HI-PAC DTV PDAC Module Model (Flun 4/27/95 on C8A 84) T' )

E=T=riN L SOPE | PSD | RLF) | EFPW | Fores | RLF(SQ) | ALFASS) | ALFUEIFW) |
| 2004 | 109 | 0.600 | 0.000 | 0.600  130.36 | 0.000 | 0 a To. uaqu+unJ 0.0 00
_ 2541 | 260 0.600 -10.000! 0.568 | 142.92 |o15u |4.5961E+02 214 | 2.1
| 3052 | 250 0.600 |-10.000 0.309 | 115.50 | 0.311 | as g —['1 29u3£+03| 4.8 | 4z
3054 250_| 0.600 -10.000) 0.308 | 11542 | 0.000 | 0.0 | 0.0000E+00! 41.8 | 42
3922 ! 250 0.600 |-10.000 0.134 | 86.34 | 0.000, 0.0 |0.0000E+00 4z
| 418.1 | 250 0.600 -10.000] 0.108 | @0.18 | 8.441| 676.6 |4.5779E405| 677.9 67.8
|~ 448.1 | 250 | 0.600 [-10.000] 0.086  73.85 | 0.000| 0.0 | 0.0000E+D0 677.9 67.8
#58.5 | 250 0.600 |-10.000 0.0B0 | 72.01 _ 0.416 | 30.0 |8.9739E+02| 678.6 |  67.9
4€3.9 | 250 | 0.600 -10.000] 0. 077 |71, 04 | 0.000| 0.0  D.OOOOE<DO] 6786 | 67.9
“499.9 | 250 0.600 |-10.000 0.060 | €5.13_ | 0.000 | 0.0 | 0.0000E+00 678.6 l_ 67.9
523.5 | 250 0.600 -10.000 0.057 | 61.75 | 0.000 | 0.0 |0.0000E+DD| 678.6 | 67.9
577.1 | 250 0.600 _-ﬁoo_' 0.037 | 55.14  0.053 | 2.9  8.5398E+00 B78.5 7.9
| g97.2 | 250 0.600 -10.000 0.020 | 44.27 | 0177 | 7.8 |6.1394E+01] 6788 l_ 67.9
7161 | 250 0,600 -10.000] 0 42,91 unn_]_ 0.0 |0.000DE+DO) 678.6 | 67.9
755.3 | 250, 0.600  -10 nuc‘ 0.015 | 4024 | 0000 00 |0.0000E+00 678.6 673
“756.4 | 250 0.600 |-10.000 0.015 | 40.27 1 0.070 | 2.8 | T.04B1E+D0 678.6 J ~ B7.9
"867.1 | 250 0.600 |-10.000 0.010 | 3437 _ 0.311] 107 _l_1423£+ne 878.7 67.9
962.6 | 250 | 0.500 -10.000] 0.007 | 30.44 | 0.000 | 0.0 |0.0000E+D0 678.7 |  67.9
oé@.8 | 250 | 0.600 |-10.000] 0.007 | 30,21 Iﬂuo | 0.0 |0.0000E+D0 678.7 | 67.9
1230.1 | 250 | 0.600 |-10.000  0.003 | 22,90 | 0901_ _a .0 | 0.0000E+D0] 678.7 | &7.9
1616.9 | 250 | 0.600 |-10.000 0. nmL 16,67 | 0,000 - 0.0 |n 0000E+00| 678.7 | 679
1735.8 | 250 | 0.600 -10.000 0.001 | 1535 | 0.000| 0.0 | 0.0000E.00| 678.7 | 679
1795.1 253| 0.600 |-10.000] 0.001 | 1477 | 0.024 | 0.4 | 1.2558E-01 678.7 |  &7.89 |
| 1970.7 ;:._so_g_l_u ooD 0.001 | 13.25 | 0.001 | 0.0 | 1.7553E-04 67B.7 |  67.0
- EFEWEM | 1000 [ RLF(kss=s|  678.7) |

EFFWRA "El 100 MASS = 10

_ T mEsl ersl
_ |peita wi= [ 0.048” [ 1 _
awGrms= | 44638 ALF=| 67.9

Robert L. Towner
robert.towner@msfc.nasa.gov
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Hi-Pac DTV Comparison (Electronics box with a base flange)
Z-Axis Input
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ESTS Group

HI-PAC-DTV PDAC INTERFACE FORCE COMPARISON - MILES EQN, EFF 'HTJ"FIEE RANDOM RESPONSE

Axis Grid No. | RLF Method X (Lbs) | Y (Lbs) Z (Lbs)
B Miles Equation | -12.2 427 . -131.8

- EM.WL/RSS |  -104 | 362 | -1116
{ F'Iandnm Response 13.6 46.2 141.5

Mies Equaion | 0.0 112 1875

4 Ef. Wt/ARSS | 0.0 . 85 | -1164

0.0
12.2

11.5

Handom Response
Miles Equation

& Eff. WL/RSS 104 | 362 | -1118
Z-Axis ' Random Response | 13.6 | 46,2 = 1415
| Miles Equation ~ -12.2 | -427 -131.8
44 | EM. WL/RSS -10.4 | -36.2 -111.6
Fland-u'nFlaapanaa 13.8 ; 48.2 141.5
| | Miles Equation | 0.0 | -11.2 | -137.5
48 | Ef.WLRSS | 0.0 | 9.5 | -116.4
| _Random Response 0.0 | 115
. Miles Equation | 12.2 | 427
| 48 Eff. WL/RSS 10.4 -36.2
_ Random Hesponse 13.6 I 46.2 ;

Motes: 1, Miles Eguation Loads RLFx=130.4 g; RLFy=65.1 g; RLEz=A0.2 g
2. Bifective Weight/RS55 KLFx=95.3 g; RLFy=33.7 g; RLFz=67.9 g

Robert L. Towner
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