Tutorial for Harmonic Analysis using CAEPIPE
The following are the Steps to perform Harmonic Analysis using CAEPIPE.

General


A harmonic analysis is performed to determine the response of a piping system to sinusoidal
loads. Harmonic forces can arise from unbalanced rotating equipment, acoustic vibrations
caused by reciprocating equipment, flow impedance, and other sources. These forces can be
damaging to a piping system if their frequency is close to the piping system’s natural frequency,
thereby introducing resonant conditions.
It is feasible that multiple harmonic loads may be applied simultaneously at different locations
of a piping system. More complex forms of vibration, such as those caused by the fluid flow,
may be considered as superposition of several simple harmonics, each with its own frequency,
magnitude, and phase.



A harmonic analysis uses the results from the modal analysis to obtain a solution. A single
damping factor is used for all modes.
First, the maximum response for each harmonic load is obtained separately. Then, the total
response for multiple simultaneous harmonic loads is determined by combining the individual
responses. The combination method may be specified as the Root Mean Square (RMS) or
Absolute Sum. Even in the case of a system with a single harmonic load, the said combination is
always carried out, so that the resulting solution becomes an “unsigned” case. For an unsigned
case, the actual values for displacements, element forces and moments, etc. computed
internally by CAEPIPE prior to such combination can be +ve or -ve for the dynamic event.

Step 1:
Attached is a CAEPIPE model for Harmonic Analysis. For this model, let us assume the following.
1. Node 5 is connected to a Tank.
2. Node 40 is connected to a Pump Suction Nozzle.

Step 2:

The harmonic load can be imposed as a Force (FX/FY/FZ) at a specified frequency and phase angle.
You may be able to get more information on the harmonic loading (mass, rpm, etc.) from the
manufacturer of the equipment.
For this Tutorial, the following assumptions are made.
1. Frequency of the rotating equipment = 14.5 Hz.
2. Force in Global Z Direction = FZ = 9000 lb.
The above parameters are entered for analysis by creating a “Data” type called “Harmonic Load”
through Layout window > Misc > Data types… at Node 40. See snap shot below for details.

Step 3:
Define “Percentage of Damping” and “Combination” method for Harmonic analysis through CAEPIPE
Layout window > Loads > Harmonic…

Step 4:

Then, include “Harmonic response” for analysis through Layout window > Loads > Load cases.
Step 5:
Save the model and perform the analysis through Layout window > File > Analyze. CAEPIPE will apply
these loads to compute the response of the piping system by performing a Harmonic analysis along with
other load cases defined in the piping system.
Step 6:
Upon successful analysis, CAEPIPE will now show a “Load case” with name “Harmonic response” under
“Support Loads”, “Displacements”, “Element forces” and “Support load summary” results.

Step 7:
From the review of frequency results of CAEPIPE, it is noted that one of the natural frequencies of this
piping system (i.e., frequency for Mode 10 shown in yellow highlight in the snap shot below) is close to
the rotating equipment frequency of 14.5 Hz.

Due to closeness of Mode 10 frequency to the equipment frequency, it is observed that Mode 10 is
excited on the piping system by the harmonic load, thereby creating a resonance. This can be seen
graphically by plotting the mode shape corresponding to Mode 10 with frequency of “14.55 Hz” (figure
shown on the left below) and the deflected shape for “harmonic response” case (figure shown on the
right below). See snap shots for details.

Step 8:
In order to prevent piping failure due to resonance, it is important to suppress relevant modes by
changing the stiffness of the piping system either by adding or by moving the existing piping supports.
For example, for the layout shown above, a lateral restraint in X direction is added at Node 10 as the
displacement in X direction is about 3” for Harmonic Response case prior to adding this X restraint. By
adding this new support, the stiffness of the piping system is altered. This, in turn, removed the 10th
frequency with “14.55 Hz”, thereby ensuring that the natural frequency of the piping system is not close
to the operating equipment frequency. See snap shots below.

