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The Perforated Design



API610 Recommendations for Composite Materials



What sets differential pressure limit?



Sleeve of a center bushing operating within limits…



Why?



Understand how the pressure changes across the bushing



Press fit creates pressure (Pi) at O.D.
Entry pressure drop (Pe) offsets at I.D.



If Pe > Pi, liquid can enter the press fit interface



If this happens, a radial differential pressure develops and can 
deform the composite insert



FEA Analysis



If Pressure Migrates Down the Press Fit Interface, the Model Deforms

But what is the solution and will it work?



The Solution: Perforated Design



With Perforations, 
Minimal Deformation



The Same Applies to Wear Rings



Deformation is Minimized with Perforations

But does the design affect pump performance?



Custom Test Rig for Leakage and Rotordynamic Response

 
7.5 hp 
motor 

Flowmeters 

3 inch diam 
shaft 

Modal 
impact 

hammer 

Discharge lines 
(1.5 in) 

Feed line                          
(1 in, two locations) 

Prox probe pairs  
(each end) 

Seal axial locations 

Discharge into bucket which can be weighed 
before/ after for leakage rate cross-check 

Seismic accel sensors      
3 locations 



Leakage Across Bushing Decreases with Clearance and Perforations



Damping Ratio Much Higher with Perforated Design



Frequency Response: Not Running

Smooth Bore Perforated Design



Frequency Response Running

Smooth Bore Perforated Design



Summary of Rotordynamic Response

Damping ratio much higher with perforated design
No Significant loss of Lomakin stiffness with perforated design compared to smooth-bore components.
Low cross-coupled stiffness with perforated design.



Case Study: Amine Stripping Pump



Metal Parts Seized



Upgraded Key Components to Perforated Design



Initial Run After Upgrade



Second Attempt Successful



Vibration Significantly Reduced



Highest Pressure: 2600 psig (175 bar)
(557 psi/inch of length)



Conclusions

• Perforated design components can operate at higher differential pressures than plain components—and beyond 
limits set in API610 Table H.3.

• Response to differential pressure with the perforated design is more predictable and reliable
• Leakage across the components is reduced compared to smooth bore components
• The perforated design imparts significant rotordynamic benefits compared to smooth bore components



QUESTIONS

Contact: robert@bouldencompany.com
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