
6 Campus Drive
First Floor North
Parsippany, New Jersey
07054-4406 
www.Pumps.org 

A
N

S
I/H

I
11

.6
-2

01
2

ANSI/HI 11.6-2012

American National Standard for

Rotodynamic 
Submersible 
Pumps
for Hydraulic Performance, 
Hydrostatic Pressure, Mechanical, 
and Electrical Acceptance Tests

This is a preview of "ANSI/HI 11.6-2012". Click here to purchase the full version from the ANSI store.

http://www.pumps.org
https://webstore.ansi.org/Standards/HI/ANSIHI112012?source=preview


This page intentionally blank.

Hydraulic Institute Standards, Copyright © 1997-2012, All Rights Reserved

This is a preview of "ANSI/HI 11.6-2012". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/HI/ANSIHI112012?source=preview


ANSI/HI 11.6-2012

American National Standard for

Rotodynamic Submersible Pumps
for Hydraulic Performance, Hydrostatic Pressure,

Mechanical, and Electrical Acceptance Tests

Sponsor

Hydraulic Institute 

www.Pumps.org 

Approved June 5, 2012

American National Standards Institute, Inc.

Hydraulic Institute Standards, Copyright © 1997-2012, All Rights Reserved

This is a preview of "ANSI/HI 11.6-2012". Click here to purchase the full version from the ANSI store.

http://www.pumps.org
https://webstore.ansi.org/Standards/HI/ANSIHI112012?source=preview


Approval of an American National Standard requires verification by ANSI that the
requirements for due process, consensus and other criteria for approval have been met
by the standards developer.

Consensus is established when, in the judgement of the ANSI Board of Standards
Review, substantial agreement has been reached by directly and materially affected
interests. Substantial agreement means much more than a simple majority, but not nec-
essarily unanimity. Consensus requires that all views and objections be considered,
and that a concerted effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does
not in any respect preclude anyone, whether he has approved the standards or not,
from manufacturing, marketing, purchasing, or using products, processes, or proce-
dures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no
circumstances give an interpretation of any American National Standard. Moreover, no
person shall have the right or authority to issue an interpretation of an American
National Standard in the name of the American National Standards Institute. Requests
for interpretations should be addressed to the secretariat or sponsor whose name
appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised or withdrawn at
any time. The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw this standard. Buyers of
American National Standards may receive current information on all standards by call-
ing or writing the American National Standards Institute.

Published By

Hydraulic Institute
6 Campus Drive, First Floor North
Parsippany, NJ  07054-4406

www.Pumps.org 

Copyright © 2012 Hydraulic Institute
All rights reserved.

No part of this publication may be reproduced in any form, 
in an electronic retrieval system or otherwise, without prior 
written permission of the publisher.

Printed in the United States of America

ISBN 978-1-880952-88-7

American
National
Standard

Recycled
paper

Hydraulic Institute Standards, Copyright © 1997-2012, All Rights Reserved

This is a preview of "ANSI/HI 11.6-2012". Click here to purchase the full version from the ANSI store.

http://www.pumps.org
https://webstore.ansi.org/Standards/HI/ANSIHI112012?source=preview


iii

Contents
Page

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

11.6 Submersible pump tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

11.6.1 Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

11.6.2 Test types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

11.6.3 Test conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

11.6.4 Terminology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

11.6.5 Performance test. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

11.6.6 Hydrostatic test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

11.6.7 Net positive suction head (NPSH) test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

11.6.8 Submersible motor integrity tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

11.6.9 Vibration test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

11.6.10 Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

11.6.11 Model tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

Appendix A Wire-to-water pump efficiency (informative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

A.1 Pump efficiency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

A.2 Wire-to-water efficiency  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

A.3 Pump power and efficiency definitions and calculations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

Appendix B Sample problems and formulas (informative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

B.1 Affinity rules (rotodynamic pumps) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

B.2 Calculated performance based on change in pump speed (metric) . . . . . . . . . . . . . . . . . . . . . . . 45

B.3 Calculated performance based on change in pump impeller diameter (US customary units)  . . . 46

B.4 Calculation of NPSHA on a wet-pit pump (metric)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

B.5 Calculation of NPSHA on a dry-pit pump (US customary units) . . . . . . . . . . . . . . . . . . . . . . . . . . 48

B.6 Sample calculation of performance tolerance bands for pump acceptance according 
to grade 1E and 2B (US customary units)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

Appendix C Standards-setting organizations (informative)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Appendix D Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

Figures

11.6.4.3.7a — NPSH datum for horizontal pumps. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

11.6.4.3.7b — NPSH datum for vertical pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

11.6.5.2a — Sample wet-pit performance test setup. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

11.6.5.2b — Suction submergence wet-pit test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Hydraulic Institute Standards, Copyright © 1997-2012, All Rights Reserved

This is a preview of "ANSI/HI 11.6-2012". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/HI/ANSIHI112012?source=preview


iv

11.6.5.2c — Sample dry-pit performance test setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

11.6.5.4a — Unilateral tolerance acceptance example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

11.6.5.4b — Bilateral tolerance acceptance example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

11.6.5.4.2a — Tolerance field for acceptance grades 1U and 2U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

11.6.5.4.2b — Tolerance field for acceptance grade 1E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

11.6.5.4.2c — Tolerance field for acceptance grades 1B, 2B, and 3B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

11.6.5.5.2 — Pump performance (data plotted at test speed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

11.6.6.4 — Hydrostatic pressure test setup. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

11.6.7.2a — Suction throttling NPSH test setup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

11.6.7.2b — Variable-lift NPSH test setup. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

11.6.7.2c — Closed-loop, dry-pit NPSH test setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

11.6.7.2d — Closed-loop, wet-pit NPSH test setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

11.6.7.3a — NPSH test with flow rate held constant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

11.6.7.3b — NPSH test with suction head held constant  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

11.6.8.2.1 — Submersible motor integrity test setup using housing pressure test method . . . . . . . . . . . . . . . . . . 29

11.6.8.2.2 — Submersible motor integrity test setup using the housing vacuum test method. . . . . . . . . . . . . . . . 29

11.6.9.2.2 — Transducer location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

11.6.9.4a — Vibration limits (metric)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

11.6.9.4b — Vibration limits (US customary units). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

11.6.10.3.1a — Requirements for static pressure tappings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

11.6.10.3.1b — Four pressure tappings connected by a ring manifold (grade 1)  . . . . . . . . . . . . . . . . . . . . . . . . . 40

11.6.10.3.1c — One pressure tapping (general for grade 2 and 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

11.6.10.3.2 — Gauge connectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

Tables

11.6.4.1 — Symbols. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

11.6.4.2 — Subscripts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

11.6.5.4 — Pump test acceptance grades and corresponding tolerance band . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

11.6.5.4.3 — Default acceptance grade  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

11.6.6.7 — Longer test periods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

11.6.10.1.3 — Permissible amplitude of fluctuation as a percentage of mean value of quantity 
being measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

11.6.10.1.4 — Maximum permissible measurement device uncertainty at guarantee point . . . . . . . . . . . . . . . . . 34

11.6.10.1.6 — Instrument recalibration intervals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

11.6.10.2.1a — Straight pipe required before a venturi meter in diameters of pipe. . . . . . . . . . . . . . . . . . . . . . . . 36

11.6.10.2.1b — Straight pipe required before a nozzle or orifice plate in diameters of pipe . . . . . . . . . . . . . . . . . 36

11.6.10.2.1c — Straight pipe downstream of pressure tap of a nozzle or orifice plate meter in 
diameters of pipe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Hydraulic Institute Standards, Copyright © 1997-2012, All Rights Reserved

This is a preview of "ANSI/HI 11.6-2012". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/HI/ANSIHI112012?source=preview


v

Foreword (Not part of Standard)

The Hydraulic Institute's Submersible Pump Committee was charged with updating and reaffirming the 2001 stan-
dard. The committee, which consists of major manufacturers and users, has decided to view the submersible pump
as an integrated unit from the acceptance test point of view. This change and the adaptation of the same test
acceptance grades as HI's new rotodynamic pump test standard and the new ISO 9906 pump test standard consti-
tute the major changes. Minor updates, corrections, and refinements have also been made.

This submersible pump test standard represents a major departure from the previous submersible pump test stan-
dard (ANSI/HI 11.6 – 2001) in that the submersible pump is guaranteed and tested as a complete close-coupled
unit.  If pump efficiency or pump power has been guaranteed, then the pump wire-to-water efficiency or electric
input power is guaranteed and tested, in addition to the mandatory flow and head test.

This standard does not identify the various sources of losses within the boundary of the submersible pump unit.
When a manufacturer offers an efficiency guarantee for a submersible pump, or an input power guarantee, that
guarantee encompasses the entire pump unit. This standard specifies how acceptance testing shall be performed
and it defines pump acceptance. The overall pump efficiency can be precisely determined by dividing the output
hydraulic (useful or water horsepower) power delivered by the pump with the electrical input power delivered to the
electric motor. The user of this standard must understand that any attempt to calculate an individual component's
efficiency (such as pump, motor, cooling system, seal, or bearing efficiency, to name a few) will only yield data of
approximate magnitude and must not be used to judge a submersible pump unit's acceptance.

It is not meaningful to compare pump test results from a submersible pump test based on this standard with test
results from tests performed to the old ANSI/HI 11.6 or any other pump test standards. See Appendix A for an
explanation of the difference between wire-to-water efficiency and pump hydraulic efficiency. Formulas used to esti-
mate a submersible pump's hydraulic efficiency can also be found in this appendix.

The pump acceptance test grades incorporated into this document are the result of a collaborative effort made by
Europump and the Hydraulic Institute. 

The work to harmonize ISO and ANSI/HI standards aims at creating a single world pump test standard that is sup-
ported by Europump and the Hydraulic Institute. 

The points below summarize the major differences between this standard and the current ANSI/HI standard and
ISO 9906, respectively:

• Old: Has two test acceptance levels, A and B.  New: Has three levels of acceptance: grade 1 with tighter toler-
ance band that can be applied in three acceptance grades (1U, 1E, 1B); grade 2 with a broader tolerance band
can be applied in two acceptance grades (2B, 2U); and grade 3 with even broader tolerance band. Acceptance
grades 1U and 2U have no negative tolerance.

• Grade 1U corresponds closely with the old ANSI/HI grade A.

• Grade 1B corresponds closely with the old ANSI/HI grade B.

• The new standard defines industry-specific default test acceptance grades for cases where the user has not
defined an acceptance grade.

• Users in all parts of the world will be working with identical technical requirements and test acceptance grades.

Scope

The purpose and aims of the Institute are to promote the continued growth of pump knowledge for the interest of
pump users and pump manufacturers and to further the interests of the public in such matters as are involved in
manufacturing, engineering, distribution, safety, transportation and other problems of the industry, and to this end,
among other things:

a) To develop and publish standards for pumps;
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