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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 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.

DuPont
Fluid Sealing Association  
ekwestrel corp 
Kemet Inc.  

Las Vegas Valley Water District  
Pumps Positive   
Sulzer  
WEG Electric Corp.

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 – Peter Timpanelli, LEWA, Inc.
Vice-chair – Doug Purdy, Wanner Engineering, Inc.

Committee members Company
James Burke Blacoh Fluid Controls, Inc. 
Gregory S. Duncan Blacoh Fluid Controls, Inc. (Alternate)
Jared Gabel Grundfos, USA
Aaron Hinchliffe Iwaki America Incorporated
Ken McQuesten LEWA-Nikkiso America, Inc. (Alternate)
Don Weidemann Neptune Chemical Pump Co., Inc
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7 Controlled-volume metering pumps

7.0 General description of controlled-volume metering pumps

Controlled-volume metering pumps (also known as metering pumps, proportioning pumps, chemical injection/feed
pumps, or dosing pumps) are reciprocating positive displacement pumps typically used for the injection of chemical
additives, proportional blending of multiple components, or metered transfer of a single liquid. These types of
pumps are used in applications requiring highly accurate, repeatable, and adjustable rate of flow.

The rate of flow of a controlled-volume pump is a function of the cross-sectional area of the plunger or piston, or
displacement of the diaphragm; the stroke length; and the stroking speed. The pumping action is created by a
reciprocating piston and controlled by suction and discharge check valves. The rate of flow is adjusted by changing
the stroke length and/or the stroking speed.

Controlled-volume metering pumps are characterized by their ability to meet specific performance requirements
concerning steady state accuracy, repeatability, and linearity.

7.1 Types and nomenclature

Because controlled-volume metering pumps are employed in a number of different environments and applications,
several types have been developed with different liquid ends and drive and control mechanisms. The basic ele-
ments of the pumps are the driver, stroke-length adjustment, pumphead, and the gearbox. These are shown in Fig-
ure 7.1, which illustrates the general arrangement of these elements and how they are combined to form a
controlled-volume metering pump. Detailed descriptions of these elements follow below.

7.1.1 Construction characteristics of controlled-volume metering pumps

NOTE: The following definitions and illustrations represent typical construction characteristics of controlled-
volume metering pumps but do not necessarily represent recommended designs. Variations in design may exist
without violating the intent of this standard.

A

D

C

B

Figure 7.1 — Basic elements of a controlled-volume metering pump

A. Driver (motor)

B. Stroke-length adjustment

C. Pumphead (liquid end)

D. Gearbox (drive and control mechanism)
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Liquid end

• Plunger

• Piston

• Mechanical coupled disc diaphragm

• Hydraulic coupled disc diaphragm

• Hydraulic coupled tubular diaphragm

• Hydraulic coupled conical diaphragm

Drive and control mechanisms

• Electromagnetic drive (solenoid)

• Reciprocating air/gas drive

• Motor driven,1 variable speed

• Motor driven,1 mechanical lost motion

• Motor driven,1 hydraulic lost motion

• Motor driven,1 variable eccentric (non-lost-motion)

7.1.2 Description of liquid ends

The pump liquid end assembly (also called the reagent head assembly, pumphead, or wet end) includes all parts
that contain or are in direct contact with the liquid being pumped.

7.1.2.1 Plunger

A plunger liquid end (see Figure 7.1.2.1) contains a
reciprocating plunger in direct contact with the liquid
being displaced. It uses packing within a stuffing box or
seals to restrict leakage. This design is not inherently
leak free. The plunger design allows for lower required
“minimum suction head,” limited by the vapor pressure
of the liquid, and suction check valve losses. This
design can be used in high-pressure applications. In
operation the process liquid is admitted through the suc-
tion check valve as the plunger moves away from the
wet end. As the plunger moves towards the wet end, the
suction check valve closes and the discharge check
valve opens discharging liquid.

1 Motor driven is understood to include electric, pneumatic, hydraulic turbine, gasoline, diesel, or hydraulic motors.

Compression
ring

Packing sets

Lantern ring
(optional)

Gland Plunger

Suction
check valve

Seat

Ball

Process
chamber

Ball guide

Discharge
check valve

Figure 7.1.2.1 — Plunger pump
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7.1.2.2 Piston

A piston liquid end (see Figure 7.1.2.2) contains a reciprocat-
ing piston in direct contact with the liquid being displaced. It
uses packing or seals located on the piston to restrict leakage.
This design is not inherently leak free. The piston design allows
for lower required “minimum suction head,” limited by the vapor
pressure of the liquid, and suction check valve losses. This
design can be used in high-pressure applications. In operation
the process liquid is admitted through the suction check valve
as the piston moves backwards. As the piston moves to the
front, the suction check valve closes and the discharge check
valve opens, discharging liquid.

7.1.2.3 Mechanical coupled disc diaphragm

A mechanically coupled disc diaphragm liquid end (see Figure
7.1.2.3) contains a flexible, round diaphragm, clamped at the
periphery, that is in direct contact with the process liquid being
displaced. This type of design is inherently leak free. The dia-
phragm material is typically a fluoropolymer, elastomer, or fluoropolymer-elastomer composite. A connecting rod is
connected directly to the diaphragm. The diaphragm is not pressure balanced as the process pressure is acting on
one side of the diaphragm and atmospheric pressure is acting on the other side. This results in higher stress levels
in the diaphragm and therefore these pumps are typically used for lower pressure applications. In operation the
process liquid is admitted through the suction check valve as the diaphragm/connecting rod assembly moves away
from the wet end. As the diaphragm/connecting rod assembly moves towards the wet end, the suction check valve
closes and the discharge check valve opens, discharging liquid.

Packing retainer

Packing sets

Piston rod Piston

Packed piston type
Figure 7.1.2.2 — Piston pump

Worm shaft

Stroke adjustment

Eccentric shaft

Connecting rod

Spring

Vented to atmosphere

Check valve

Liquid end body

Process liquid chamber

Diaphragm

Check valve

Inlet (suction)

Outlet (discharge)

Figure 7.1.2.3 — Mechanically coupled disc diaphragm
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7.1.2.4 Hydraulic coupled disc diaphragm

A hydraulic coupled disc diaphragm liquid end (Figure 7.1.2.4a) contains a flexible, single or double configuration
diaphragm, clamped at the periphery, and is in direct contact with the process liquid being displaced. This type of
liquid end design is inherently leak free. The diaphragm material is typically a fluoropolymer, elastomer, or fluo-
ropolymer-elastomer composite. Liquid end designs featuring flexible metallic diaphragms are available and used
in applications where severe operating conditions prohibit the use of fluoropolymer or other elastomers.

In operation, the diaphragm is moved by a hydraulic fluid, which is displaced by a reciprocating plunger or piston.
The stresses in the diaphragm are minimal, as the process pressure acting on one side of the diaphragm is bal-
anced by the hydraulic pressure acting on the opposite side. The process liquid is admitted through the suction
check valves as the diaphragm moves rearward. As the diaphragm moves towards the wet end, the suction check
valve closes and the discharge check valve opens, discharging liquid. Liquid end designs of this type may include
provisions such as contour plates, springs, or diaphragm positioning hydraulic control valves (Figure 7.1.2.4b) to
ensure the diaphragm does not move beyond its elastic limits.

Outlet (discharge)

Liquid end body

Contour plates

Process liquid chamber

Inlet (suction)

Diaphragm

Replenishment valve PISTON

Relief valve

Pressurized
hydraulic fluid

Air bleed

HYDRAULIC
RESERVOIR

Figure 7.1.2.4a — Hydraulic disc with contour plates

Outlet (discharge)

Check valve

Liquid end body

Process liquid chamber

Diaphragm

Check valve

Inlet (suction)

Pressure relief and 
venting valve

Hydraulic reservoir

Piston

Control valve

Replenishment valve

Figure 7.1.2.4b — Hydraulic disc with diaphragm positioning valve
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