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Foreword (Not part of Standard)

Purpose and aims of the Hydraulic Institute

The purpose and aims of the Hydraulic Institute are to promote the advancement of the pump manufacturing indus-
try and further the interests of the public and to this end, among other things:

a) Develop and publish standards.

b) Address pump systems.

c) Expand knowledge and resources.

d) Educate the marketplace.

e) Advocate for the industry.

Purpose of Standards and Guidelines

a) Hydraulic Institute Standards and Guidelines are adopted in the public interest and are designed to help elimi-
nate 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.

b) Use of Hydraulic Institute Standards and Guidelines is completely voluntary. Existence of Hydraulic Institute
Standards does not in any respect preclude a member from manufacturing or selling products not conforming
to the standards.

Definition of a Standard of the Hydraulic Institute

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 a 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.

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. 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
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any consequences to an owner, operator, user, or anyone else resulting from reference to the content of this docu-
ment, its application, or use.

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 his 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.

ARO/Ingersoll Rand
Black & Veatch Corp.
DuPont Company
ekwestrel corp
Exponent Inc.

Fluid Sealing Association
Las Vegas Valley Water District
Sulzer Pumps (US) Inc.
Weir Floway, 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 – Gregory Duncan, Wilden Pump & Engineering LLC
Vice-chair – David Roseberry, Warren Rupp, Inc.

Committee members Company

John Armitage Price Pump Company  
Chris Distaso (Alternate) PSG-GT  
Mark Johnson Iwaki America Incorporated 
Audrey Mills ARO Fluid Products
Douglas Purdy Wanner Engineering, Inc.
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HI Air-Operated Pumps – Types and Nomenclature — 2016

1

10 Air-operated pumps

10.1 Types and nomenclature
HI Air-Operated Pumps – Types and Nomenclature

This standard applies to air-operated diaphragm and bellows pumps. An air-operated pump is a positive-displace-
ment reciprocating pump used for general liquid transfer. It is driven by means of a compressed gas (usually air)
from an outside source. Where “air” is used throughout this document, it should be taken to mean any compressed
gas, but usually air.

Air-operated rotodynamic and rotary pumps are not included in this standard.

10.1.1 Types of air-operated pumps

Air-operated pumps fall into the basic types shown in Fig-
ure 10.1.1 and described below.

10.1.1.1 Air-operated diaphragm pump

An air-operated diaphragm pump contains a single dia-
phragm or double diaphragms connected to a reciprocat-
ing shaft in which one side of the diaphragm is in contact
with the liquid being pumped and the other side is in con-
tact with the compressed air. A typical air-operated dou-
ble diaphragm (AODD) pump configuration is shown in Figure 10.1.1.1.

10.1.1.2 Air-operated bellows pump

An air-operated bellows pump contains two bellows connected to a reciprocating shaft in which one side of the bel-
lows is in contact with the liquid being pumped and the other side is in contact with the compressed air. A typical
configuration is shown in Figure 10.1.1.2.

Figure 10.1.1 — Types of air-operated pumps

Bellows

Diaphragm

Air-Operated

Piston
Plunger

Simplex

Duplex

Not covered by 
this standard}

Air chamber

Air distribution system

Outer diaphragm plate

Inner diaphragm plate

Check valve seat

Check valve ball

Discharge manifold

Liquid chamber

Diaphragm

Inlet manifold

Connecting rod

Figure 10.1.1.1 — Air-operated double diaphragm pump configuration
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2

10.1.2 Configuration of pumping devices

10.1.2.1 Simplex, single-acting

Contains one diaphragm or bellows.

10.1.2.2 Duplex, single-acting

Contains two diaphragms or bellows.

10.1.3 Nomenclature

The nomenclature and definitions in these standards were prepared to (1) provide a means for identifying the vari-
ous pump components covered by these standards, and (2) to serve as a common language for all who deal with
this type of equipment.

The following definitions and drawings illustrate typical constructions of air-operated pump components, but do not
necessarily represent recommended designs. Variations in design may exist without violating the intent of these
standards.

10.1.3.1 Air distribution system

The air distribution system consists of all parts within the pump required to operate the pump from the air inlet to
the air exhaust. Various air distribution system designs exist, but all perform the same basic function.

10.1.3.2 Air chamber

The air chamber houses the pressurized air that causes the diaphragm or bellows to be displaced.

10.1.3.3 Diaphragm assembly

10.1.3.3.1 Diaphragm

The diaphragm provides for separation of the process liquid and the compressed-air power source. To perform
adequately, the diaphragm should be of sufficient thickness and of appropriate material to prevent degradation or
permeation in specified process liquid. Various diaphragm materials and configurations exist, but all perform the
same basic function.

Figure 10.1.1.2 — Air-operated bellows pump configuration
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3

10.1.3.3.2 Inner and outer diaphragm plates

The inner and outer diaphragm plates provide means to support and to
connect the diaphragm to the reciprocating shaft and aid in sealing the
liquid side from the air side of the diaphragm.

Some manufacturers offer a diaphragm with an outer plate that is inte-
grated and molded inside the diaphragm. This eliminates the require-
ment to achieve a seal between the diaphragm and the outer diaphragm
plate.  See Figure 10.1.3.3.2.

10.1.3.4 Bellows assembly

10.1.3.4.1 Bellows

The bellows provide for separation of the process liquid and the com-
pressed-air power source. Various bellows materials and configurations
exist, but all perform the same basic function.

10.1.3.4.2 Bellows end caps and connecting rods

The bellows end caps and connecting rods provide a means to connect the bellows to the center block.

10.1.3.5 Wetted path housings

10.1.3.5.1 Liquid chamber

The liquid chamber is filled with the liquid being pumped during the suction stroke and empties during the dis-
charge stroke. It is separated from the compressed gas by the diaphragm or bellows.

10.1.3.5.2 Inlet manifold

The inlet manifold contains the suction passageways of the pump. The inlet manifold for an air-operated reciprocat-
ing pump is typically at the bottom of the pump for configurations with ball check valves, but can be at the top for
some configurations containing check valves other than ball check valves.

10.1.3.5.3 Discharge manifold

The discharge manifold contains the discharge passageways of the pump. The discharge manifold for an air-
operated reciprocating pump is typically at the top of the pump for configurations with ball check valves, but can be
at the bottom for some configurations containing check valves other than ball check valves.

Figure 10.1.3.3.2 — Diaphragm with 
integral outer piston plate
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