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SPECIAL NOTES

 

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Downstream Segment [telephone (202)
682-8000]. A catalog of API publications and materials is published annually and updated
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005, www.api.org.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the standardization manager, American Petroleum Institute,
1220 L Street, N.W., Washington, D.C. 20005, standards@api.org. Requests for permission
to reproduce or translate all or any part of the material published herein should also be
addressed to the general manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.
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FOREWORD

 

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the standardization manager,
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005, stan-
dards@api.org.

 

iii





 

CONTENTS

 

CHAPTER 1—GENERAL REQUIREMENTS

CHAPTER 2—CENTRIFUGAL AND AXIAL COMPRESSORS

CHAPTER 3—INTEGRALLY GEARED COMPRESSORS

CHAPTER 4—EXPANDER-COMPRESSORS

 

v





 

Chapter 1 
General Requirements





 

CONTENTS

 

Page

 

SECTION 1—GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.1 Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 Alternative Designs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.3 Conflicting Requirements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.4 Dimensions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.5 Definition of Terms  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.6 Normative References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
1.7 Statutory Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
1.8 Unit Responsibility  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4

SECTION 2—BASIC DESIGN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
2.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
2.2 Materials. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-5
2.3 Casings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7
2.4 Guide Vanes, Stators, and Stationary Internals . . . . . . . . . . . . . . . . . . . . . . . . . 1-11
2.5 Rotating Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-11
2.6 Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-12
2.7 Bearings and Bearing Housings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-25
2.8 Shaft End Seals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-26
2.9 Gears  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-27
2.10 Lubrication and Sealing Systems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-27
2.11 Nameplates and Rotation Arrows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-27
2.12 Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-28

SECTION 3—ACCESSORIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-28
3.1 Drivers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-28
3.2 Couplings and Guards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-28
3.3 Mounting Plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-29
3.4 Controls and Instrumentation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-35
3.5 Piping and Appurtenances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-35
3.6 Special Tools  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-36

SECTION 4—INSPECTION, TESTING, AND PREPARATION FOR SHIPMENT . .1-36
4.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-36
4.2 Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-36
4.3 Testing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-37
4.4 Preparation for Shipment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-39

SECTION 5—VENDOR’S DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-40
5.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-40
5.2 Proposals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-40
5.3 Contract Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-42

 

ix



 

Page

 

ANNEX 1A REFERENCE LIST OF U.S., ISO, AND INTERNATIONAL 
STANDARDS (NORMATIVE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-45

ANNEX 1B PROCEDURE FOR THE DETERMINATION OF RESIDUAL 
UNBALANCE (NORMATIVE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-49

ANNEX 1C TYPICAL SHAFT END SEAL CROSS-SECTIONAL 
DRAWINGS (INFORMATIVE). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-59

ANNEX 1D TESTING OF GAS SEALS IN SEAL VENDOR’S SHOP
(NORMATIVE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-67

ANNEX 1E TYPICAL MATERIAL SPECIFICATIONS
(INFORMATIVE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-69

Figures
1.2-1 Rotor Response Plot  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-13
1.2-2 Undamped Stiffness Map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-13
1.2-3a Typical Mode Shapes—Between-bearing and Overhung Units (SI) . . . . . . . .1-16
1.2-3b  Typical Mode Shapes—Between-bearing and Overhung Units 

(U.S. Customary Units). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-16
1.2-3c Typical Mode Shapes—Integrally Geared Pinion Type Rotors . . . . . . . . . . . .1-17
1.2-4 Typical Plot of Applied Cross-coupled Stiffness vs. Log Decrement . . . . . . .1-21
1.2-5 Level I Screening Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-21
1.3-1 Typical Mounting Plate Arrangement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-30
1.3-2 Typical Mounting Plate Arrangement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-31
1.3-3 Typical Mounting Plate Arrangement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-32
1.3-4 Typical Mounting Plate Arrangement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-33
1.B-1 (Blank) Residual Unbalance Worksheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-52
1.B-2 (Blank) Residual Unbalance Polar Plot Worksheet  . . . . . . . . . . . . . . . . . . . . .1-53
1.B-3 Sample Residual Unbalance Worksheet for Left Plane . . . . . . . . . . . . . . . . . .1-54
1.B-4 Sample Residual Unbalance Polar Plot Worksheet for Left Plane. . . . . . . . . .1-55
1.B-5 Sample Residual Unbalance Worksheet for Right Plane . . . . . . . . . . . . . . . . .1-56
1.B-6 Sample Residual Unbalance Polar Plot Worksheet for Right Plane  . . . . . . . .1-57
1.C-1 Labyrinth Shaft Seal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-60
1.C-2 Mechanical (Contact) Shaft Seal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-61
1.C-3 Restrictive-ring Shaft Seal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-62
1.C-4 Liquid-film Shaft Seal with Cylindrical Bushing . . . . . . . . . . . . . . . . . . . . . . .1-63
1.C-5 Liquid-film Shaft Seal with Pumping Brush  . . . . . . . . . . . . . . . . . . . . . . . . . .1-64
1.C-6 Single Gas Seal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-65
1.C-7 Double Gas Seal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-65
1.C-8 Tandem Gas Seal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-66
1.C-9 Tandem Gas Seal with Labyrinth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-66

Tables
1.2-1 Design Criteria and Specifications for Cooling Water Systems. . . . . . . . . . . . . 1-4
1.2-2 Casting Factors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-8
1.2-3 Maximum Severity of Defects in Castings . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-10
1.E-1 Typical Material Specifications for Major Component Parts . . . . . . . . . . . . . .1-70

 

x



 

1-1

 

SECTION 1—GENERAL

 

1.1 SCOPE

 

This standard covers the minimum requirements for axial
compressors, single-shaft and integrally geared process cen-
trifugal compressors and expander-compressor for use in the
petroleum, chemical, and gas industries services that handle
air or gas.

This standard does not apply to fans (covered by API Std
673) or blowers that develop less than 34 kPa (5 psi) pressure
rise above atmospheric pressure. This standard also does not
apply to packaged, integrally-geared centrifugal plant and
instrument air compressors, which are covered by API Std
672. Hot gas expanders over 300°C (570°F) are not covered in
this standard.

 

1.1.1

 

This chapter contains information pertinent to all
equipment covered by this standard. It is to be used in con-
junction with the following chapters as applicable to the spe-
cific equipment covered:

Chapter 2—Centrifugal and Axial Compressors
Chapter 3—Integrally Geared Compressors
Chapter 4—Expander-compressors 

 

Note: A bullet (

 

l

 

) at the beginning of a paragraph indicates that
either a decision is required or further information is to be provided
by the purchaser. This information should be indicated on the data
sheets (see Annex A of Chapters 2, 3 and 4); otherwise, it should be
stated in the quotation request (inquiry) or in the order.

 

1.2 ALTERNATIVE DESIGNS

 

The vendor may offer alternative designs.
All designs should comply with this standard. Any excep-

tions to the standard including, alternate design differences
from this standard, shall be clearly stated in the proposal. 

 

1.3 CONFLICTING REQUIREMENTS

 

In case of conflict between this standard and the inquiry,
the inquiry shall govern. At the time of the order, the order
shall govern.

 

1.4 DIMENSIONS

 

The SI system of units and dimensions are used in this
standard. Any data or drawings related to equipment supplied
to this standard shall use the SI system.

Alternate systems such as the U.S. Customary system may
be used if specified.

 

1.4.1 Unit Conversion

 

The units in this document are SI prime and U.S. Custom-
ary secondary.

 

Note: The factors in Chapter 15 of the API 

 

Manual of Petroleum
Measurement Standards

 

 were used to convert from U.S. Customary
to SI units. The resulting exact SI units were then rounded off.

 

1.5 DEFINITION OF TERMS

 

Terms used in all chapters of this standard are defined in
1.5.1 through 1.5.54. Annexes 2C, 3C, and 4C on nomencla-
ture are located in each subsequent chapter of this specification.

 

1.5.1 axially split: 

 

A joint that is parallel to the shaft
centerline. 

 

1.5.2 compressor or expander section:

 

 A series of
compression or expansion stages between which there is no
intercooling or reheating, or loss or gain in flow (i.e., no side
streams, bypassing or injection), and whose rotational speeds
are in fixed relationship (ratio) to each other.

 

1.5.3 compressor rated point:

 

 The intersection on the
100% speed curve corresponding to the highest capacity of
any specified operating point.

 

Note: This is generally a derived point rather than an actual operat-
ing point (see Figure 2.1-1a for a graphical representation).

 

1.5.4 critical speed:

 

 A shaft rotational speed at which
the rotor-bearing-support system is in a state of resonance.

 

1.5.5 design:

 

 A term that may be used by the equipment
manufacturer to describe various parameters such as design
power, design pressure, design temperature, or design speed. 

 

Note: This terminology should be used only by the equipment
designer and manufacturer and not in the purchaser’s specifications.

 

1.5.6 flammable fluid: 

 

The definition of a flammable
fluid is covered in detail in NFPA 30.

 

1.5.7 gear service factor (sf): 

 

The factor that is applied
to the tooth pitting index and the bending stress number,
depending upon the characteristics of the driver and the
driven equipment, to account for differences in potential
overload, shock load, and/or continuous oscillatory torque
characteristics.

 

1.5.8 gear wheel (bullgear):

 

 The lowest speed rotor in a
gearbox. 

 

1.5.9 gearing:

 

 The pinion(s) and gear wheel combina-
tion(s). A gear mesh is a pinion and gear wheel that operates
together. A gear wheel may mesh with more than one pinion,
and therefore be part of more than one gear mesh.

 

1.5.10 hold down bolts (mounting bolts):

 

 Bolts hold-
ing the equipment to the mounting plate.

 

1.5.11 hydrodynamic bearings:

 

 Bearings that use the
principles of hydrodynamic lubrication. The bearing surfaces




