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Case History
Sub-synchronous Vibration of Centrifugal Compressor

Rotating 
machinery 

(compressor) Self-Excited 
Vibration 

Centrifugal compressor for ammonia synthesis gas–Fig.1 
(Manufactured by another company: a tandem construction consisting of low pressure,
intermediate pressure and high pressure compressors driven by a steam turbine)

Following is the result of survey made upon request by the customer. 
(1) As shown in Fig.2 "Water fall diagram", a 76 Hz fluctuating component suddenly

changed to 80 Hz in mainly the low pressure compressor when the rotating speed was
increased to about 1,000 rpm (90% load), followed by a sharp rise of this component.

(2) As Fig.1 indicates, vibrations occurred not only on the low pressure compressor, but on
the steam turbine.

In consideration of the long and slender shaft of the low pressure compressor, the rotor of the 
compressor have a low natural frequency and damping ratio given by the bearing alone, so
that the phenomenon was considered to have occurred due to self-excited vibration caused by
gas. The compressor is connected with the steam turbine via a gear coupling having less 
backlash to constitute a coupled system, and thus the steam turbine also experienced
vibrations.

First, a stability calculation of each compressor was made considering the bearings alone at
its rated speed. Then, after a stability analysis was conducted for gas as indicated in Fig.3,
estimation was made that the low pressure compressor was unstable. Figure 4 shows the
result of this analysis. In addition, a natural frequency analysis was performed of the coupled
system including the steam turbine, where the corresponding natural frequency rose by
several Hz. It was thus verified that the vibration mode was determined mainly by the low 
pressure compressor.

The gear coupling between the low pressure compressor and the steam turbine was replaced 
with our proven gear coupling (with an adequate stability as shown in Fig.4). As a result,
stable operation has been achieved up to a maximum load of 105%. A partial modification of
the compressor (modification of seals as indicated in Fig.5, which we found inadequate but
was proposed as an idea) was also discussed. However, because the product was made of 
another company, and that the steam turbine was of the overhang rotor type, the measure of
replacement of coupling was the optimal solution.

It is important to determine the scope of modification.
For centrifugal compressors, it is necessary to design shafts and bearing system having an
adequate damping capacity against instability force due to gas.

Z. Ren-mu. NASA2443: 63

S. Morii et. al. ICVPE in Xian. ’86: 844
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Fig.1: Centrifugal compressor and unstable vibration 

 

Fig.2: Water fall diagram
Fig.3: Block diagram for determining stability 

Fig.4: Result of stability determination 

Fig.5: Modification plan of partition plate 

 The left bar graph on the above figure shows damping energy, while
the right one excitation energy for each oscillation element. If the
latter becomes larger than the former, a self-excited vibration occurs.
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