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Presentation Overview
• Goals

• Understand key design elements
• Small items that make a BIG difference

• Vertical Turbine (VT) Pump Overview
• Specifying Large Vertical Turbine Pumps

• Hydraulic Considerations
• Vibration / Structural
• Electrical and Controls

• Case Study

2 | West Yost · Parametrix



VT Pump Overview
Pump Components
• Multi-stage impeller and 

volute assembly

Suction Bell

Wear Ring (typ)

2nd Stage Impeller

3rd Stage Impeller

High Pressure Discharge

Interbowl w/ Bearing (typ)

Pump Shaft

Suction Bearing
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VT Pump Overview
Intermediate Bearing

Pump Column Extension

Shaft Couplings

Pump Shaft Extension

Column Extension Flanges
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Pump Components
• Multi-stage impeller and 

volute assembly
• Column and shaft 

extensions



VT Pump Overview
Motor Shaft

Shaft Coupling

Seal

Top Pump Shaft 
Extension

Discharge Elbow

Pump Base Plate

Pump Sole Plate

Pump Curb

Floor
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Pump Components
• Multi-stage impeller and 

volute assembly
• Column and shaft 

extensions
• Pump base



VT Pump Overview

Upper Motor Bearing 
Assembly

Upper Bearing Oil 
Drain/Fill Fitting

Lower Bearing Oil 
Drain/Fill Fitting

Lower Motor Bearing 
Assembly

Power Terminal Box

Instrument Terminal 
Box

Shaft Ground Ring

Motor Shaft

Anti-backspin Ratchet
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Pump Components
• Multi-stage impeller 

and volute assembly
• Column and shaft 

extensions
• Pump base
• Motor



Specifying Large 
Vertical Turbine Pumps
ANSI/HI 14.6-2022 
Pump Acceptance Tests Design Curve
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Specifying Large 
Vertical Turbine Pumps
ANSI/HI 14.6-2022 
Pump Acceptance Tests Design Curve
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Specifying Large 
Vertical Turbine Pumps
ANSI/HI 14.6-2022 
Pump Acceptance Tests

Take Away: Incorrect tolerances can cause underperformance, incorrect pump submission, or system damage
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NSF 61 Compliance vs. Certification

NSF 61 COMPLIANCE
• (OAR) 333-061-0050
• Designed for potable water
• All components meet 

NSF 61

NSF 61 CERTIFICATION
• Applies to pump assembly
• 3rd party certification
• Limits available pumps 

and features
• Must use spare parts matching 

original certification

NSF 61: Drinking Water System Components
Primarily focused on materials in contact with water
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NSF 61 Compliance vs. Certification

NSF 61 COMPLIANCE NSF 61 CERTIFICATION
3RD

PARTY OEM
OEM Alt 

Parts

Pump Internals

Motor, shaft coupling, etc.
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Parts
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NSF 61: Drinking Water System Components
Primarily focused on materials in contact with water



ANSI/HI 9.6.8: Lateral Rotodynamic, Torsional 
Rotordynamic and Structural Analyses
• Performing these analyses reduce the risk of 

vibration and reliability problems
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Vibration Analysis Lateral

Structural

Torsional



Lateral Vibration related issues:
• Accelerated wear at wear rings
• Rubs at internal clearance locations 
• Accelerated bearing wear
• Excitation of critical frequencies

Shaft Seal
Intermediate 
bearings (typ)

Bowl Bearings 
and Seals

Motor 
Bearings

Intermediate 
bearings (typ)

Shaft Seal

Motor Rotor

Mechanical CouplingShaft
Impellers

Impellers

Mechanical 
Coupling

Shaft 
Couplings (typ)
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Motor 
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Shaft

Motor 
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Lateral Rotodynamic Analysis
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Lateral Rotodynamic Analysis
Lateral Vibration related issues:
• Accelerated wear at wear rings
• Rubs at internal clearance locations 
• Accelerated bearing wear
• Excitation of critical frequencies
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Torsional Rotordynamic Analysis
Torsional Vibration related issues:
• Damaged couplings
• Gear wear, noise
• Shaft fatigue or failure

Torsional Analysis 
• Performed on the complete train 

(pump, driver, couplings, and gears)
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Structural Analysis
Structural Analysis 
• Performed to non-rotating portions 

of the pump and system to provide 
reasonable assurance that structural 
natural frequencies will not be close 
enough to typical excitations (resonant).
• Determine reed frequency
• Identify and ideally shift any frequencies 

within the pump operating range
• Keep structure stiffness in mind



ANSI/HI 9.6.8: Lateral Rotodynamic, torsional 
rotordynamic and structural analysis
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Requirements for 
Vibration Analysis

Rotodynamic Pumps – Guideline for 
Dynamics of Pumping Machinery:
• Damaged couplings
• Gear wear, noise
• Shaft fatigue or failure
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Requirements for 
Vibration Analysis
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Requirements for 
Vibration Analysis
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Requirements for 
Vibration Analysis
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Requirements for 
Vibration Analysis



ANSI/HI 9.6.4
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Vibration Testing and Measurement



NEMA MG-1 vs VFD Rated
Safety factors, starting conditions, and limitations

Shaft Grounding Rings 
Bearing damage due to induced current

Motor lubrication 
Grease vs oil

Instrumentation and Controls
Temperature, load, and vibration monitoring
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Electrical and I&C Requirements



FWPS #1FWPS #2
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Case Study | JWC Water Treatment Plant
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• Large Pumps (200+ HP) have unique considerations

• Standards such as NSF 61, HI 9.6.8, and NEMA MG-1 provide 
lot of specific guidance

• Still require detailed conversations with both manufacturers and 
clients

• Leverage those 
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Closing Remarks
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