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Scripting Solutions for Reaction Forces: Background 

• In some physics environments, not all types of entities are selectable for calculating force 

reactions with the Force Reaction Probe.

• In an old blog post from 2011, we showed ANSYS users how to overcome such limitations 

using APDL commands in Ansys Mechanical for the case of Random Vibration environments

• But a Spectrum Analysis isn’t the same thing as a Random Vibration Analysis (although 

loosely related, the underlying calculations are different)

• If users try to apply the earlier solution to a Spectrum Analysis, they will get incorrect 

results. Simply applying a standard APDL ‘FSUM’ is not enough in these situations

• In this blog post, we show users what’s going on and how to retrieve reaction forces in a 

Spectrum Analysis  ‘correctly’

• We also provide a script for generating a response spectrum and performing the analysis, as 

this is a sometimes time-consuming intermediate step for beginners

• Finally, we compare the results of the Spectrum Analysis to those of an equivalent 

Structural Transient Analysis and show that they are quite close

https://www.padtinc.com/2011/06/15/retrieving-accurate-psd-reaction-forces-in-ansys-mechanical/
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Test Case 

• For this discussion, we’ll use a simple example in ANSYS 2023R1 (included with this post)

• The model consists of a single PCB board made of FR-4 material and two anisotropic 

silicon dies

• The board is fixed at all four corners and subjected to a half-sine shock pulse with a 50G 

peak acceleration lasting for 11 ms.

10” x 10” x 0.1” PCB
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Dynamic Loading

• The test model is subjected to a 50 g half-sine pulse to its “base” (the four corners 

of the board)

• We’d like to know the maximum force response under the two TTL components 

when subjecting the entire board to this loading

• There are two ways we can do this in ANSYS. We can perform a structural 

transient analysis OR we could perform a spectrum analysis

Half-Sine Acceleration (in in/s^2)
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Modal Analysis

• Ultimately, we want to show users what they need to do to get accurate reaction force data 

in a spectrum anaysis in ANSYS Ansys Mechanical

• As a benchmark for accuracy, we’ll compare those reaction forces to those of a transient 

structural analysis

• If we compared the spectrum results to a full transient analysis, we’d need a lot of modes 

for accuracy –since that’s beyond the scope of this article, we’ll instead compare the 

spectrum results to a mode-superposition trasient anlaysis (while ignoring the important 

question of how many modes we need to calculate for an ‘accurate’ solution)

• So, our first step is to perform a modal analysis. Since the half-sine pulse has a half-

frequency of 1/0.011/2 = 45.45 Hz, we want to extract modes which cover this range

• In this example, we’re extracting 10 modes*

*Mode 1 is 45.88 Hz ≈ 

45.45 Hz. As an interesing 

exercise, users should 

reduce the number of 

extracted modes in this 

example and test the 

accuracy again
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Transient Analysis

• Next, we perform a mode-superposition-based transient structural anlaysis.

• This is generally the most costly type of structural dynamic analysis, but should also be the 

most accurate, and so this solution will provide a good comparison

• We’ll choose a global damping ratio of 0.05 (Q factor of 10) for this study

• We’ll also follow the documentation guidelines for choosing the numerical timestep (0.011/20)
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Transient Analysis

• Define two load steps. We want load step 1 to cover the half-sine pulse, and load step 2 to 

carry on to 0.022s (2 ms) with no loading (to roughly correspond to one full cycle of the 

fundamental natural frequency)

• We will be looking for maximum overall response (absolute magnitude) of z-component 

quantities, and we expect such extrema to occur within this first period
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Transient Analysis

• Define the half-sine pulse as an acceleration load using the ‘function’ option

• But first, define angle units of radians. Degrees are the default units, and will also work fine, 

but be aware that the angle units on the function control will not change once it has been 

selected 
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Transient Analysis

• Define the half-sine pulse as an acceleration load using the ‘function’ option in the z-

direction

• for angle units of radians, use the equation:

50*386.4*sin(3.141526*time/0.011)

• for angle units of degrees, use the equation:

50*386.4*sin(180*time/0.011)
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Transient Analysis

• Deactivate all loading at load step 2 (select the cells shown below in “Tabular Data”, right-

click->Activate/Deactivate this step!)

• if successful, you should now have a 

half-sine pulsed acceleration over 

the interval 0≤t≤0.011s, while the 

solution end time t = 0.022s
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Transient Analysis

• With Analysis Settings->Output Controls->Contact Data and Nodal Forces set to “Yes”, insert 

a force reaction probe for each of the contact regions shown below (we want to track the 

reaction forces at the TTL component interfaces)
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Transient Analysis

• Run the anlaysis. Since this is a mode-superposition-based solution with only 10 modes, it 

should run quite quickly (in under a minute on most laptops)

• Once complete, you should see the overall displacement solution shown below

• Note that the largest absolute value response occurs at the end of the pulse (0.011s) as one 

would expect (lower right), but it occurs as a minimum (negative) displacement
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Transient Analysis

• Review the two Force Reaction probe results. Recall that these are the results we’d like to compare 

in a spectrum analysis (we’re interesed in the maximum absolute values of the z-component.

|Fzmax| = 6.9875 lbf @ Contact Region 1 (0.011s) |Fzmax| = 5.3771 lbf @ Contact Region 2 (0.011s)
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Spectrum Analysis

• We’d now like to perform an equivalent spectrum analysis of this model and compare the TTL 

component interface (z-component) reaction loads to those of the structural transient analysis.

• This article does not attempt to cover the Response Spectrum Method* in detail, but we’ll 

summarize some highlights.

• First, it is a modal techique to estimate the maximum overall response (the nuances of this 

definition may all be treated within the technique) of a structure to a transient loading event of 

finite duration (a “shock”)

• One result is produced for all model degrees of freedom, and this result is meant to convey the 

maximum overall response of the structure over all time.

• The input to this type of analysis is a Shock Response Spectrum (SRS) –not the time-history signal 

itself. Therefore, SRS generation is an intermediate step

• Excellent primers on this technique, and SRS generation may be found here, here, here, and here

*this technique is unfortunately named, as it has little if anything to do with ‘spectral analysis’. 

However, googling ‘Response Spectrum Method’ will usually produce the desired results

https://en.wikipedia.org/wiki/Response_spectrum
https://www.structuralguide.com/response-spectrum/
https://www.dataphysics.com/blog/shock-analysis/understanding-shock-response-spectra/
https://www.vibrationdata.com/tutorials2/srs_intr.pdf
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Spectrum Analysis

• There is no shortage of software for generating SRS curves from time-history signals

• Although MATLAB does’t appear to have any built-in functions for doing this, users have written code freely available 

on MathWorks File Exchange (for example, see here*)

• At PADT, we’ve been quite content with a Python version of this code, which users may freely download here (this is 

all open source code, but be sure to read the license information)

• After appyling the above code to our signal (50 G half-sine lasting 11 ms), we obtain the spectrum shown below

*all of the free code we’re linking to appears to be based on  David O Smallwood’s An Improved Recursive 

Formula For Calculating Shock Response Spectra

• We’ve saved this spectrum in 

the Ansys Mechanical example 

model accompanying this 

article

• acceleration 

time-history

• velocity 

time-history

https://www.mathworks.com/matlabcentral/fileexchange/127269-shock-response-spectrum-for-base-input-acceleration
https://github.com/dsholes/python-srs
http://www.vibrationdata.com/ramp_invariant/DS_SRS1.pdf
http://www.vibrationdata.com/ramp_invariant/DS_SRS1.pdf
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Spectrum Analysis

• Perhaps less widely known today is the fact that ANSYS offers its own functionality for generating shock spectra

• This is an APDL command called ‘RESP’. And in the spirit of this blog, we’re providing this solution to users of ANSYS as 

well (for more, search for ‘RESP’ in the documentation. A screenshot is shown below right)

• Because it’s an APDL command, it is possible to simply embed a command object which invokes this directly within a 

Ansys Mechanical model, thus eliminating an intermediate step (generating the SRS)

• This is what we’ll do next. Before introducing the code, we’d like to extend our thanks to Dave Looman of ANSYS, Inc., 

who first demonstrated the usage of this command to the world. Our script is based on his.

• For his latest iteration, see here (screenshot below)

https://forum.ansys.com/forums/topic/how-to-create-a-shock-response-spectrum-from-time-history-data-with-apdl-commands/
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Spectrum Analysis

• In our example, we’ve input the acceleration SRS generated in Python (see slide 15), but this is suppressed for the 

time being. We’ll use this purely for comparison purposes later

• We’ve inserted three command objects. The first re-executes the ‘srss’ command (specifying the spectrum 

combination method). The reason for this is that the default behavior of this command is to sum the static 

components of the total dynamic forces only. We want instead to compare the calculated total dynamic reaction force 

(including the inertial component) to that calculated in the transient structural solution earlier.

• The second calculates the SRS from the half-sine pulse, writes the spectrum to a file in the solution folder, and 

performs the spectrum analysis



We Make Innovation Work
www.padtinc.com

Spectrum Analysis

• The third command object is the post-processing macro to get the reaction forces at the TTL component interfaces

• For this purpose, we’ve made named selections for the bottom surfaces of each, called ‘surf1’ and ‘surf2’
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Spectrum Analysis

• Readers of the Focus blog will be familiar with use of the FSUM commnad to retrieve otherwise unavailable reaction 

forces in Ansys

• What’s new here, however, is the use of the ‘mcom’ file.

• This MUST be input prior to the calculation of reaction forces



We Make Innovation Work
www.padtinc.com

Spectrum Analysis

• The mcom file contains the APDL load case operations which perform the load combinations defined in the spectrum 

analysis (in this case, the SRSS load combinations)

• The mcom file multiplies each eigenvector 

by it’s mode coefficient, squares it, sums 

them all up, and then takes the square root
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Spectrum Analysis

• Now, ANSYS automatically does this in a spectrum 

analysis (as you can verify by looking at the end of 

the ds.dat input file as shown here). But notice 

that it’s only storing reaction forces for one 

‘compnames’ variable. This corresponds to the 

fixed support. This ensures that we’ll get the 

correct reaction forces for the fixed support, but 

only for that entity

• To clarify: most result quantities WILL get stored 

correctly (displacement, for example), but only 

the reaction force for the fixed support will be 

correct. Any other FSUM’s executed downstream 

will be incorrect unless the mcom file is read again

• This means that we are actually running the 

mcom file twice (!)

• Once for stored quantities and the support 

reactions, and again for any additional ‘FSUM’s we 

may want to execute

• This corresponds to 

the fixed support
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Spectrum Analysis

• Here are the results. Compare them to the transient results on slides 12 and 13.

• These results are about as close as one could expect from two different approximate numerical techniques

•  Keep in mind that, in general, the transient results should be slightly more accurate.

|Fzmax| = 6.909 lbf @ Contact Region 1

|Fzmax| = 5.209 lbf @ Contact Region 2
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Spectrum Analysis

• Finally, to compare spectrum results with macro-generated SRS to those with the spectrum calculated with 

Python (see slide 15), suppress the second macro (see below) and unsuppress the spectrum load in the tree 

outline

|Fzmax| = 6.909 lbf @ Contact Region 1

|Fzmax| = 5.209 lbf @ Contact Region 2
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Spectrum Analysis

• And here are those results. The two spectra differ slightly (the Python spectum was calculated at different 

frequencies)

|Fzmax| = 7.00 lbf @ Contact Region 1

|Fzmax| = 5.284 lbf @ Contact Region 2
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Spectrum Analysis

• Finally, open the Solver Files Directory and review ANSYS-generated SRS (in file “spectrum.csv”)

• Compare it to the one we calculated with Python (slide 15)...

• The differences come mainly from the fact that the two curves are taken at different frequencies
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Conclusions

• The Response Spectrum Method of calculating structural responses to shock loads is 

often confusing to novice ANSYS users

• Even users who understand the procedure well are often suspicious of the result 

accuracy

• In this article, we demonsrate that this method produces responses which compare very 

well to models with a single, well-defined damping (results will, of course, be different 

for models with more complicated damping)

• We also show users how to overcome the shortcomings of the Force Reaction Probe 

(which will only provide results for boundary conditions)

• Finally, we provide a scipt in the form of a Mechanical Commands object to automate the 

generation of an SRS from a time-history signal and perform the response spectrum 

analysis in Mechanical
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