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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/Co )

3-Sigma RMS to Peak
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MILESMILES’’ EQUATION GUIDELINESEQUATION GUIDELINES

•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.
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MILESMILES’’ EQUATION GUIDELINESEQUATION GUIDELINES

•Calculating Random Load Factors using Miles’ Equation (Per JA-418).
- By calculation or test, determine the first natural frequency, fn 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/Co of 3.33% - 5%).

- Using the natural frequency calculated above, and the applicable random 
vibration input criteria, the acceleration Power Spectral Density (PSD) g2/Hz 
corresponding to the natural frequency fn can be determined.  If fn falls on a 
sloped portion of the PSD spectrum, PSD can be interpolated using the following:

kPSDPSD 101×=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
××=

1
log3322.0

f
fSk nWhere:

S = Slope of the PSD function (dB per octave)
F1 = Lowest freq. given for the portion of the PSD spectrum being interpolated.
log = logarithm to the base 10.
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““PeakPeak--ofof--thethe--CurveCurve”” Random Load FactorRandom Load Factor

•Preliminary structural analysis can be performed for Peak-of-the-Curve point 
(i.e., 350 Hz & 0.04 g2/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.

“Peak of the Curve” 
Point
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““PeakPeak--ofof--thethe--CurveCurve”” Random Load FactorRandom Load Factor

•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).
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““PeakPeak--ofof--thethe--CurveCurve”” Random Load FactorRandom Load Factor

- Structure
- Electrical Harness
- Freon Lines (SS)
- Freon Lines (Flex)
- MLI Attachment
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““PeakPeak--ofof--thethe--CurveCurve”” Random Load FactorRandom Load Factor

Pallet Construction Acoustic Test Chamber

Plumbing/Cabling 
Lines
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““PeakPeak--ofof--thethe--CurveCurve”” Random Load FactorRandom Load Factor
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““PeakPeak--ofof--thethe--CurveCurve”” Random Load FactorRandom Load Factor
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““PeakPeak--ofof--thethe--CurveCurve”” Random Load FactorRandom Load Factor

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.
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MODAL EFFECTIVE WEIGHT CALCULATIONSMODAL EFFECTIVE WEIGHT CALCULATIONS

•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.
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MODAL EFFECTIVE WEIGHT CALCULATIONSMODAL 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.

iini QPSDfRLF i ××××=
2

3 π - RLF calculated at mode i.

iii MeffRLFFeff ×= - Effective Force at mode i.

( )∑
=

=
n

i
effnet iFF

1

2 - Net Effective Force (for modes 1 through n).

tot

net

M
FRLF = Overall Random Load Factor
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MODAL EFFECTIVE WEIGHT CALCULATIONSMODAL EFFECTIVE WEIGHT CALCULATIONS

•Developed an Excel Spreadsheet for calculating Random Load Factors 
using the modal effective mass/RSS approach.

Random Spectrum:
Freq PSD n
(Hz)  (g2/Hz) (dB/oct)  Composite Calc        Verify Slopes/Breakpoints

20 0.00440 14.50 rms-1= 4.173 n1= 14.47 PSD-1= 0.0044
67 1.50000 0.00 rms-2= 6.481 n2= 0.00 PSD-2= 1.4878
95 1.50000 -20.00 rms-3= 3.689 n3= -20.00 PSD-3= 1.5000

109 0.60000 0.00 rms-4= 9.198 n4= 0.00 PSD-4= 0.6018
250 0.60000 -10.00 rms-5= 7.986 n5= -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= 14.880

Q= 10 Total Mass= 10.00

Random Load Factor 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

Eff Wt Sum= 7.389 Residual Force (Delta Wt x 3 x Grms)= 116.6
Eff Wt Ratio= 73.89% Primary Force-RSS= 946.7

Delta Wt= 2.611 RLF= 95.4

Add Random Spectrum (i.e. 
frequency breakpoints, PSD 
levels, and slopes.

Add amplification factor, Q

Calculates RMS Acceleration

Enter Overall Component Mass

Enter Frequencies from 
NASTRAN run.

Enter modal effective mass 
from NASTRAN run.

Overall Random Load Factor
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RANDOM RESPONSE ANALYSISRANDOM RESPONSE ANALYSIS

•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.
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RANDOM LOAD FACTORS

Benchmark Comparisons (Sample Cases)Benchmark Comparisons (Sample Cases)
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Single DegreeSingle Degree--ofof--Freedom ComparisonFreedom Comparison

M = 10 lbs

K = 10,224.92 lb/in
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Two DegreeTwo Degree--ofof--Freedom ComparisonFreedom Comparison

M = 5 lbs

K = 10,224.92 lb/in

M = 5 lbs

K = 10,224.92 lb/in
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Two DegreeTwo Degree--ofof--Freedom ComparisonFreedom Comparison

M = 5 lbs

K = 10,224.92 lb/in

M = 5 lbs

K = 10,224.92 lb/in
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Two DegreeTwo Degree--ofof--Freedom ComparisonFreedom Comparison

M = 5 lbs

K = 10,224.92 lb/in

M = 5 lbs

K = 10,224.92 lb/in
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Three DegreeThree Degree--ofof--Freedom ComparisonFreedom Comparison

M = 3.33 lbs

K = 10,224.92 lb/in

M = 3.33 lbs

K = 10,224.92 lb/in

M = 3.33 lbs

K = 10,224.92 lb/in
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Four DegreeFour Degree--ofof--Freedom ComparisonFreedom Comparison

M = 2.5 lbs

K = 10,224.92 lb/in

M = 2.5 lbs

K = 10,224.92 lb/in

M = 2.5 lbs

K = 10,224.92 lb/in

M = 2.5 lbs

K = 10,224.92 lb/in



23November 21, 2008 Robert L. Towner   
robert.towner@msfc.nasa.gov

RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Simply Supported Beam ComparisonSimply Supported Beam Comparison

Interface loads are close.
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
Cantilever Beam ComparisonCantilever Beam Comparison

Note, moment unconservative
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RANDOM LOAD FACTORS

Practical Examples Practical Examples 

LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
LMS Circuit Breaker PanelLMS Circuit Breaker Panel
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RANDOM LOAD FACTORS

Practical Examples Practical Examples 

MiddeckMiddeck GloveboxGlovebox AssyAssy -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
MiddeckMiddeck GloveboxGlovebox Assembly Assembly -- Spacelab RackSpacelab Rack--Mounted ConfigurationMounted Configuration
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RANDOM LOAD FACTORS

Practical Examples Practical Examples 

Highly Packed Digital Television (HIHighly Packed Digital Television (HI--PAC DTV)PAC DTV)
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
HiHi--Pac DTV Comparison (Electronics box with a base flange)Pac DTV Comparison (Electronics box with a base flange)
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
HiHi--Pac DTV Comparison (Electronics box with a base flange)Pac DTV Comparison (Electronics box with a base flange)

X-Axis Input
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
HiHi--Pac DTV Comparison (Electronics box with a base flange)Pac DTV Comparison (Electronics box with a base flange)

X-Axis Input
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
HiHi--Pac DTV Comparison (Electronics box with a base flange)Pac DTV Comparison (Electronics box with a base flange)

Y-Axis Input
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
HiHi--Pac DTV Comparison (Electronics box with a base flange)Pac DTV Comparison (Electronics box with a base flange)

Y-Axis Input
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
HiHi--Pac DTV Comparison (Electronics box with a base flange)Pac DTV Comparison (Electronics box with a base flange)

Z-Axis Input
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RANDOM LOAD FACTORSRANDOM LOAD FACTORS
HiHi--Pac DTV Comparison (Electronics box with a base flange)Pac DTV Comparison (Electronics box with a base flange)

Z-Axis Input
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