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Foreword [Not part of American National Standard (ANSI)]

Purpose and aims of the Hydraulic Institute

The purpose and aims of the Hydraulic Institute are to drive all Pump System stakeholders towards a sustainable
future by:
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a) Advancing Solutions for Pump System Performance and Efficiency
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b) Developing Standards and Technical Resources
¢) Educating the Global Marketplace
d) Advocating for the Industry
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Purpose of Document:

Hydraulic Institute Standards and Guidelines may be published as American National Standards, and are adopted
in the public interest to help eliminate misunderstandings between the manufacturer, the purchaser, and/or the user
and to assist the purchaser in selecting and obtaining the proper product for a particular need. Use is completely
voluntary and does not in any respect preclude a member from manufacturing or selling products which are not
conforming.

Definition of Hydraulic Institute Standard

Quoting from Article XV, Standards, of the By-Laws of the Institute, Section B:

“An Institute Standard defines the product, material, process or procedure with reference to one or more of
the following: nomenclature, composition, construction, dimensions, tolerances, safety, operating charac-
teristics, performance, quality, rating, testing and service for which designed.”

Definition of Hydraulic Institute Guideline
A Hydraulic Institute Guideline is not normative. The guideline is tutorial in nature, to help the reader better under-
stand the subject matter.

Comments from Users

Comments from users of this standard will be appreciated, to help the Hydraulic Institute prepare even more useful
future editions. Questions arising from the content of this standard may be directed to the Technical Director of the
Hydraulic Institute. If appropriate, the inquiry will then be directed to the appropriate technical committee for provi-
sion of a suitable answer.
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Revisions

American National Standards of the Hydraulic Institute are subject to constant review, and revisions are under-
taken whenever it is found necessary because of new developments and progress in the art. Errata or addenda
may be issued to address limited changes. If no revisions are made for five years, the standards are reaffirmed
using the ANSI canvass procedure.

Disclaimer

This document was prepared by a committee of the Hydraulic Institute and approved by following ANSI essential
requirements. Neither the Hydraulic Institute, Hydraulic Institute committees, nor any person acting on behalf of the
Hydraulic Institute: 1) makes any warranty, expressed or implied, with respect to the use of any information, appa-
ratus, method, or process disclosed in this document or guarantees that such may not infringe privately owned
rights; 2) assumes any liabilities with respect to the use of, or for damages resulting from the use of, any informa-
tion, apparatus, method, or process disclosed in this guideline. The Hydraulic Institute is in no way responsible for
any consequences to an owner, operator, user, or anyone else resulting from reference to the content of this docu-
ment, its application, or use.
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This document does not contain a complete statement of all requirements, analyses, and procedures necessary to
ensure safe or appropriate selection, installation, testing, inspection, and operation of any pump or associated
products. Each application, service, and selection is unique with process requirements that shall be determined by
the owner, operator, or its designated representative.

Units of measurement

Metric units of measurement are used, and corresponding US customary units appear in parentheses. Charts,
graphs, and sample calculations are also shown in both metric and US customary units. Because values given in
metric units are not exact equivalents to values given in US customary units, it is important that the selected units
of measure to be applied be stated in reference to this standard. If no such statement is provided, metric units shall
govern.

Consensus

Consensus for this American National Standard was achieved by use of the canvass method. The following organi-
zations, recognized as having an interest in the standardization of pumps, were contacted prior to the approval of
this revision of the standard. Inclusion in this list does not necessarily imply that the organization concurred with the
submittal of the proposed standard to ANSI.

4B Engineering & Consulting, LLC Peerless Pump Company
AECOM Pentair

Brown and Caldwell Industry Eartn_er

CDM Smith - Water Services Group Plymon Vibration Consultants
DynaTech Engineering, Inc. WC Livoti Consulting
Ekwestrel Engineering LLC Sulzer

Exponent Summit Pump Inc.

Flowserve Corporation Suncor

Irving Oil Swiss Flow Solutions GmbH
Las Vegas Valley Water District TACO, Inc.

Mechanical Solutions, Inc. Industry Partner

MEIER Consulting Tarrant Regional Water District
MWI Pumps U.S. Bureau of Reclamation
OTP Industrial Solutions uPB

Parametrix Westinghouse Electric Co.
Patterson Pump Company Xylem, Inc.

Committee list

Although this standard was processed and approved for submittal to ANSI by the canvass method, a working com-
mittee met many times to facilitate its development. At the time it was developed, the committee had the following
members:

Chair — Paul Behnke, ITT - Industrial Process (Retired)
Chair — David Skinner, ITT - Industrial Process
Vice-chair — Paul Boyadjis, Mechanical Solutions, Inc.

Committee members Company
Aleks Roudnev Weir Minerals North America
Barry Jongsma Pentair - Fairbanks Nijhuis
Bryce Wells Flowserve Corporation
Charlie Allaben HDR, Inc.
Clint Zentic Sulzer
Daniel Boldt Trillium Pumps USA
George Tey Stantec
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HI Rotodynamic Pumps for Vibration Measurements and Allowable Values — 2022

9.6.4 Rotodynamic pumps for vibration measurements and allowable values
9.6.4.1 Introduction and scope
9.6.4.1.1 Introduction

This standard pertains to evaluation of vibration when the vibration measurements are made on stationary parts
associated with bearings (bearing housings) of rotodynamic pumps. It provides specific maximum allowable vibra-
tion values measured on bearing housings of rotodynamic pumps in field and factory test environments.

Vibration measurements can be useful for many purposes, such as acceptance tests, diagnostic or analytical
investigations, and operational monitoring. The principal purpose of this standard is to establish vibration measure-
ment methodology and maximum allowable vibration values for acceptance testing of new equipment. A general
description of the principles to be applied for the measurement and assessment of vibration on rotodynamic pumps
is given for vibration on stationary parts associated with bearings.

This standard is based on experiences from pump users and manufacturers as well as vibration measurements by
many companies. Vibration data from both factory test and field test environments have been incorporated into the
maximum allowable vibration values. Values are applicable when the pump is installed per Hydraulic Institute Stan-
dards or the manufacturer’s specifications.

For certain vertical pump types, the vibration transducers shall be located near the top of the motor support (refer
to Figure 9.6.4.2.3.1, Measurement locations and directions). For vertical pump types, the reference to “bearing
housing” refers to this location.

Since the last revision of this standard the recommended guidance for below-ground vibration for vertically sus-
pended (VS) pumps has been added in Appendix D. In addition, Appendix C has been revised to include guidance
for vibration criteria for horizontal motors. The vibration test requirements for submersible pumps previously located
in the ANSI/HI 11.6 standard are now presented in Section 9.6.4.3 of this standard. New guidance for vibration col-
lection during pump acceptance testing is also included in Appendix E.

9.6.4.1.2 Scope

This standard applies to the evaluation of vibration on rotodynamic pump applications absorbing more than 2 kilo-
watts (kW) (3 horsepower [hp]) and of the types as indicated in Figure 9.6.4.2.3.1. It pertains to evaluation of vibra-
tion when the vibration measurements are made on stationary parts associated with bearings (bearing housing
vibration).

The general evaluation criteria are included for acceptance tests in field environments or at the manufacturer’s test
facility, as appropriate and as defined in the standard. The vibration amplitude limits provided in this standard
assume that the machinery is not in a resonant condition. Refer to ANSI/HI 9.6.8 Rotodynamic Pumps — Guideline
for Dynamics of Pumping Machinery for more information.

This standard applies to tests conducted within the rated speed +10%. Tests conducted at speeds exceeding these
limitations (such as variable-speed pumps or 50-cycle pumps tested with 60-cycle power for factory tests) shall be
mutually agreed upon by the manufacturer and user due to the possibility of objectionable resonance effects.

This standard is also applicable to solids-handling pump types. A solids-handling pump is defined as a pump
designed to ensure maximum freedom from clogging when handling liquids containing organic solids or stringy
materials.

This standard is also applicable to slurry pump types. A slurry pump is defined as a pump suitable for pumping a
mixture of abrasive solids with specific gravity greater than 1 and concentration by volume greater than 2% in a lig-
uid carrier, usually water. For more information on slurry pump types, refer to the latest edition of ANSI/HI 12.1—
12.6 Rotodynamic Centrifugal Slurry Pumps for Nomenclature, Definitions, Applications, and Operation. If an
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ASME B73.1-type pump is used as a slurry pump, the acceptable vibration levels for slurry pumps as provided
herein shall be used.

This standard is also applicable to submersible pump types. A submersible pump is defined as a close-coupled
pump/motor unit designed to operate submerged in the pumped liquid. This definition includes submersible pumps
operating in either a wet-pit or dry-pit environment.
The following types of pumping equipment and associated equipment are excluded from this standard:

¢ Wet pit cantilever belt-driven pumps with overhung motors

e Pumps purchased to be in compliance with API 610 and ISO 13709

¢ Reciprocating engine-driven pumps

» Drivers (except for guidance on vibration on vertical and horizontal motors, refer to Appendix C)

* Right-angle gear drives

¢ Maritime applications

¢ Solids-handling pumps with single-vane impellers [except for submersible pumps (OH8)]

¢ Vertically suspended submersible pumps (VSO0)
For these pumping equipment types, refer to other industry standards, if available, or the pump manufacturer.

Torsional vibration is not dealt with in this standard.

Information for assessing shaft vibration measured on rotating shafts is excluded from the scope of this document.
The user is referred to the ISO 10816-7 standard for information on this topic.

9.6.4.2 Bearing housing vibration measurement
9.6.4.2.1 Measurement procedure and units

For rotodynamic pumps operating at all speeds, measurement readings of overall velocity shall be measured on
stationary parts associated with bearings in accordance with Section 9.6.4.2.3 and recorded in units of millimeters
per second (mm/s) root mean square (RMS) or inches per second (in/s) RMS. In addition, for rotodynamic pumps
operating at speeds equal to or less than 600 rpm, measurement readings of overall displacement shall be mea-
sured on stationary parts associated with bearings in accordance with Section 9.6.4.2.3 and recorded in units of
micrometers (um) peak-to-peak or mils peak-to-peak.

9.6.4.2.1.1 Nominal rotating speed of operation above 600 rpm

For speeds above 600 rpm, the sole measurement quantity to be used for measuring the vibration of stationary
parts associated with bearings of rotodynamic pumps is velocity in millimeters per second RMS or inches per sec-
ond RMS.

A velocity or acceleration transducer is used to measure vibration at various frequencies, and the measurements
are integrated in an electronic circuit as agreed upon by the pump manufacturer and the user to determine the
overall RMS vibration in the appropriate units.

Overall RMS vibration is a measure of the total RMS vibration magnitude obtained using instruments that integrate
the vibration within a fixed frequency range over a fixed period of time.
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Measurement of vibration filtered to discrete frequencies is not applicable for acceptance testing of pumps accord-
ing to this standard. Such methodologies, including complete frequency analysis, may be useful in diagnosing
vibration problems, should they occur.

9.6.4.2.1.2 Speeds of 600 rpm and below

In addition to velocity measurements, the peak-to-peak displacement vibration on bearing housing(s) shall be mea-
sured.

9.6.4.2.2 Vibration measurement instrumentation and transducers
9.6.4.2.2.1 General

For all speeds, a 6-decibel (dB) per octave filter shall be used to filter out frequencies outside the measurement
range to reduce the electronic noise. This filter is typically built into dedicated vibration data collection instruments.

For speeds above 600 rpm, the measurement instrumentation shall be capable of measuring the RMS vibration
velocity for a minimum frequency range of 5 hertz (Hz) to 1000 Hz.

For pumps with speeds of 600 rpm and below, the measurement instrumentation shall be capable of measuring
RMS vibration velocity and peak-to-peak displacement, both overall, for a minimum frequency range of 2 Hz to
1000 Hz.

The manufacturer and the purchaser should agree on the type of data collector and the data collector settings for
frequency range, frequency resolution, filter settings, the number of readings to average, and any other instrument
settings that may affect the measured vibration values.

The vibration measurement system shall be calibrated per the instrument manufacturer’s recommendations.
9.6.4.2.2.2 Precautions

Personnel conducting vibration tests should take precautions to eliminate sources of errors in the measurements
potentially caused by transducer mountings, transducer cable lengths, transducer orientation, magnetic fields, tem-
perature variations, and sound fields.

The vibration transducers should be mounted in such a way as to not adversely affect the accuracy of the measure-
ments. If magnetic vibration transducers are used, the surface of the measured equipment should be prepared in
accordance with the transducer manufacturer’s instructions at the point of contact to avoid measurement errors.
Appropriate mounting methods are shown in Figure 9.6.4.2.2.2 and described in Appendix G.

The manufacturer and the purchaser should agree on the type of measurement transducer to be used. In the
absence of any specific recommendation from the vibration transducer manufacturer, the following should be
applied:

For permanently mounted transducers, the machined mounting surface should be a minimum of 1.1 times
the diameter of the transducer. Mounting surfaces should be flat to within 0.025 mm (0.001 in) with a surface
roughness of less than 3.2 pm (125 microinches).

For temporary mounting of the transducer using a magnetic mount, the surface should be flat, preferably
using a machined area specifically intended for the purpose, of a diameter at least equal to the diameter of
the mounting surface of the transducer. The paint should be removed at the point of contact to allow contact
of the mount with bare metal for most accurate vibration readings.

For temporary mounting of the transducer using a dimple, the dimple should conform to the dimensions
shown in Figure 9.6.4.2.2.2. The dimple may be formed by machining or casting. The paint should be
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removed at the point of contact to allow contact of the mount with bare metal. Surface roughness should be
less than 3.2 ym (125 microinches).
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9.6.4.2.3 Measurement locations and directions

9.6.4.2.3.1

Bearing housing measurements

Figure 9.6.4.2.2.2 — Mounting methods for vibration transducers

In general, the vibration transducers should be located approximately at the center of the radial bearing location on
bearing housings or the motor mounting flanges of vertical pumps, perpendicular to the plane of measurement as
shown in Figure 9.6.4.2.2.2. Designated measurement locations for specific pump types within the scope of this
standard are provided in Figure 9.6.4.2.3.1. Transducers must not be located on the flexible panels, nameplates, or

motor end covers.

NOTE: This ANSI/HI standard uses a method of pump identification similar to ISO 13709 and API 610. It
should be noted that the limits of acceptable vibration performance are different. This standard does not
apply to ISO 13709 or API 610 applications. For ISO 13709 or API 610 applications, refer to those stan-
dards (see Section 9.6.4.1.2). For a more complete description of pump types, refer to ANSI/HI 14.1-14.2
Rotodynamic Pumps for Nomenclature and Definitions.
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Horizontal Vertical solids  Vertical solids, Vertical solids, Slurry
solids handling handling separately coupled close coupled

Figure 9.6.4.2.3.1 — Measurement locations and directions with the exception of OH8, refer to Section
9.6.4.3 (For a more complete description of pump types, refer to ANSI/HI 14.1-14.2)
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9.6.4.2.4 Vibration acceptance tests

Vibration acceptance tests are performed if required by the job specifications or contract. Details such as location,
instrumentation, and procedures may involve variations as mutually agreed on by the parties involved. This stan-
dard provides details that shall apply if not superseded by other specification requirements.

The maximum vibration magnitude observed at the designated measurement locations (refer to Figure 9.6.4.2.3.1)
is to be used in comparison to the maximum allowable vibration values indicated in the graph for the specific pump
type, applicable test location (field [in situ] or factory), and pump input power at the test point considered. Note that
the pump input power will be affected by the specific gravity of the fluid being pumped during the test, which will in
turn determine what acceptance levels are to be used. Applicable instrumentation, installation requirements, and
operating requirements for the test are provided herein.

9.6.4.2.4.1 Pump location for acceptance tests

Generally, higher vibration is to be expected on temporary test setups than that realized for the same equipment on
permanent foundations in the installation.

By default, a vibration acceptance test shall be conducted in the field location.

For some pump types, a factory vibration test is used for acceptance as an alternative to the default field accep-
tance test. A factory vibration acceptance test may be performed if required by the job specifications or contract
and with mutual agreement of the parties involved.

It is not the intent of this standard to require both a factory acceptance test and a field acceptance test. If a factory
vibration test is desired in addition to the default field acceptance test, this test should be for information only and
not acceptance.

The acceptable vibration-level graphs indicate both field and factory vibration levels for most pump types. When
factory levels are not provided for certain pump types, factory test acceptance levels for those pump types shall be
mutually agreed on by the parties involved.

9.6.4.2.4.2 Factory acceptance test

A factory test, if specified, is performed in the manufacturer’s test facility or a facility mutually agreed on by the par-
ties involved, using a temporary test setup that may not be equivalent to the permanent conditions in the field
installation. The factory test may also possibly necessitate using a different fluid with different properties (i.e., spe-
cific gravity, viscosity) that can affect vibration and can also result in different acceptance levels because of the
resulting different pump input power values.

If the values at the factory test facility do not fulfill the requirements of this standard, the manufacturer shall investi-
gate to clarify the reason for the deviation and resolve the matter as agreed by mutual consent.

9.6.4.2.4.3 Field acceptance test

The field acceptance test conditions apply to pumps that are installed on-site according to the latest standards of
the Hydraulic Institute and the manufacturer’s instructions.

9.6.4.2.4.4 Acceptance test installation and operating conditions
The following general conditions apply to the use of this standard (factory tests and field tests):
e Pump impellers shall be balanced (typically a single-plane spin balance) in accordance to ISO 21940-11 bal-

ance quality grade G6.3 or better (see Figures B.1 and B.2). For balance of slurry pump types, refer to the lat-
est edition of ANSI/HI 12.1-12.6. When the ratio of the largest outside diameter of the component divided by
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the impeller width at the outside of the shroud(s) is less than 6 (see Figures B.3 and B.4), a two-plane balance
may be required (refer to ISO 21940-11). Other grades may be used as agreed on by the manufacturer and
user. Note: In the specific case of impellers, the width is measured at the periphery, including the thickness of
any shrouds, but not the back vane.

e Pumps should be supported on the test setup and on the permanent foundation in the installation in a manner
to avoid resonances of structural natural frequencies during operation. See ANSI/HI 9.6.8 Rotodynamic Pumps
— Guideline for Dynamics of Pumping Machinery for more information on this topic.

¢ Operation shall be under steady state conditions at the rated speed +10% (applies to field tests). This require-
ment may not always be practicably achievable for factory tests (i.e., 50-cycle pumps tested with 60-cycle
power), therefore the operating speed for factory tests shall be mutually agreed on by the user and manufac-
turer.

¢ The shaft alignment between driver and pump shall be in accordance with the pump manufacturer's recom-
mendations.

* The bearing housing vibration level recorded shall be the maximum of measurements taken in each plane as
indicated by the illustrations in Figure 9.6.4.2.3.1.

¢ To the fullest extent practicable, no other equipment should be operated during the test in the vicinity of the
pump being tested; otherwise, the effects of the other equipment on the vibration test should be considered.

The following conditions apply to the use of this standard with regard to field tests:

* Field measurements on pump bearing housings with antifriction or fluid film bearings shall be performed when
the bearing housings have reached their normal steady state operating temperatures.

NOTES:
This requirement does not apply to sleeve bearings used on vertically suspended pumps, because such
bearings are normally inaccessible for temperature monitoring.

Additionally (unless otherwise agreed) this requirement does not apply during factory testing because the
time for bearing temperature stabilization may be excessive.

¢ The field-tested pump shall be operated at the specified or rated operating conditions (rate of flow, head, and
speed). Acceptable vibration levels for specified operating conditions within the preferred operating region
(POR) are provided in graphs herein. Values to use for specifed operating conditions outside the POR but
within the allowable operating region (AOR) are indicated on the graphs for the specific pump type. Vibration
values that are expected to exceed the specified allowance shall be mutually agreed upon by the manufacturer
and the user. For more information on operation within the pump POR and AOR, refer to the latest edition of
ANSI/HI 9.6.3 Rotodynamic Pumps - Guideline for Operating Regions.

* Pump shall be installed so that nozzle loads do not exceed the loads within ANSI/HI 9.6.2 Rotodynamic Pumps
for Assessment of Applied Nozzle Loads (if applicable) or the manufacturer's recommendations. When there is
a difference between the values of ANSI/HI 9.6.2 and the manufacturer, the values of the manufacturer shall be
used unless otherwise agreed on by the parties involved (applies to field acceptance tests).

* Prior to a field test it shall be established that the vibration measured with the pump not running does not
exceed 25% of the vibration level established for acceptable operation. In any situation where this limit is
exceeded, all necessary steps shall be taken to find and eliminate the source of this vibration, otherwise limits
for acceptable vibration must be mutually agreed on by the manufacturer and the user.

¢ The field test conditions shall represent actual in-service operation as closely as practicable. Site conditions
such as temporary flow loops, enhanced inlet pressure, special test setups for hardware, and other abnormal
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