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ERRATA
Existing;
Page 36, Appendix A, Section A.5.c & d

c. If the amplification factor is greater than 3.55 and the critical response peak is
below the minimum operating speed, the required separation margin (a percentage of
minimum speed) is equal to the following:

6

SM = 100— 84 +
AF-./3

d. If the amplification factor is greater than 3.55 and the critical response peak is
above the trip speed, the required separation (a percentage of the maximum continu-
ous speed) is equal to the following:

6

~100
AF-./3

SM = 126 -

Replace the formulae with:

REMOVE THE SQUARE ROOT SIGN FROM THE 3 IN THE DENOMINATOR (under the

number 6)
For c¢:
SM = 10084 + —9
AF-3
For d:
SM = 126——2 _ 100
AF-3
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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Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every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.

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. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the gen-
eral 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.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.
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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.
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Centrifugal Fans for Petroleum, Chemical and Gas Industry Services

1 General
11 SCOPE

This standard covers the minimum requirements for cen-
trifugal fans intended for continuous duty in petroleum,
chemical, and gas industry services. Fan pressure rise is lim-
ited to differential from a single impeller, usually not exceed-
ing 100 in. of water Equivalent Air Pressure (EAP). Cooling
tower, aerial cooler, and ventilation fans; and positive dis-
placement blowers are NOT covered by this standard.

Note: A bullet (®) 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 Appendix A); otherwise, it should be stated in the quota-
tion request or in the order.

1.2 ALTERNATIVE DESIGNS

The vendor may offer alternative designs. Equivalent met-
ric dimensions, fasteners, and flanges may be substituted as
mutually agreed upon by the purchaser and the vendor (see
5.2.3.9).

1.3 CONFLICTING REQUIREMENTS

In case of conflict between this standard and the inquiry or
order, the information included in the order shall govern.

1.4 DEFINITION OF TERMS

Terms used in this standard are defined in 1.4.1 through
1.4.33.

1.4.1 alarm point: A preset value of a parameter at which
an alarm is actuated to warn of a condition that requires cor-
rective action.

1.4.2 axially split: Refers to casing joints that are parallel
to the shaft centerline.

1.4.3 design: The use of the word design in any term
(such as design power, design pressure, design temperature,
or design speed) should be avoided in the purchaser’s specifi-
cations. This terminology should only be used by the equip-
ment designer and the manufacturer.

1.4.4 evase: A diffuser or a diverging discharge transition
piece.

1.4.5 fan impeller: The assembly of the fan wheel and
the hub(s).

1.4.6 fan plane: A flow area perpendicular to the flow of
gas at the specified reference plane; that is, inlet flange or out-
let flange.
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1.4.7 fan rated point: Defined as (1) the highest speed
necessary to meet any specified operating condition, and (2)
the rated capacity required by fan designs to meet all speci-
fied operating points. (The vendor shall select this capacity
point to best encompass specified operating conditions within
the scope of the expected performance curve.) (See Figure 1.)

Note: This term is NOT to be confused with the AMCA Publication
802 definition of RATING point, which more nearly matches “nor-
mal point” per 1.4.21. User must add head and/or volume margins
for process uncertainties, reduced performance resulting from time
related “wear and tear” and other operating conditions known to
exist. The API “Rated” point will be the same as the AMCA defined
“MCR Test Block” (para. 3.1.13, AMCA 801-92) condition unless
otherwise defined by the user in specifications or data sheets. For
most applications this will coincide with “Test Block” (para. 3.1.14,
AMCA 801-92).

1.4.8 fan rotor: The assembly of the fan impeller and the
shaft.

1.4.9 fan wheel: The assembly comprised of the blades,
center-plate (or back-plate), shroud(s), and wear plates, if
used.

1.4.10 forced-draft fans: Usually have ambient inlet
conditions and usually are in air service.

1.4.11 hydrodynamic bearings: Bearings that use the
principles of hydrodynamic lubrication. Their surfaces are
oriented so that relative motion forms an oil wedge to support
the load without journal-to-bearing contact.

1.4.12 induced draft fans: Usually have inlet condition
that are below atmospheric pressure and can be found in a
wide variety of gas services. Process fans, by definition, are
induced draft.

1.4.13 inlet volume: The flow rate determined at the con-
ditions of pressure, temperature, compressibility, and gas
composition (including moisture) at the fan inlet flange.
Actual Volume may be used to refer to flow at a number of
locations and should, therefore, NOT be used interchangeably
with INLET.

1.4.14 maximum allowable speed (revolutions per
minute): The highest speed at which the manufacturer’s
design will permit continuous operation.

1.4.15 maximum allowable temperature: The maxi-
mum continuous temperature for which the manufacturer has
designed the equipment (or any part to which the term is
referred) when handling the specified fluid at the specified
pressure.
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2 API STANDARD 673

Approximate surge line ===~~

Specified
operating ======-

Static point

Pressure

Normal
operating =——-—
point

Operating
point ===—f=====

. Approximate capacity

+7 line

Critical speed

Trip speed—See Table 1

- Rated point

Maximum continuous speed for
variable speed driver
105% = 100 x 1.05

100% speed

Normal speed

An operating speed

Minimum operating speed

Inlet Capacity

Notes:

1. Except where specific numerical relationships are stated, the relative values implied in
this figure are assumed values for illustration only.
2. The 100% speed curve is determined from the operating point requiring the highest

static pressure; point A in the illustration.

P w

. Refer to 1.4.7 for discussion of fan rated point.
. Refer to 2.7 for discussion of critical speeds.

Figure 1—Fan Performance Terms

1.4.16 maximum allowable working pressure: The
maximum continuous pressure for which the manufacturer
has designed the equipment (or any part to which the term is
referred) when handling the specified fluid at the specified
temperature.

1.4.17 maximum continuous speed (revolutions
per minute): The speed at least equal to 105% of the highest
speed required by any of the specified operating conditions.

1.4.18 maximum exhaust pressure: The highest dis-
charge pressure at which the fan is required to operate
continuously.
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1.4.19 maximum sealing pressure: The highest pres-
sure expected at the seals during any specified static or opet-
ating conditions and during start-up and shutdown.

1.4.20 minimum allowable speed (revolutions per
minute): The lowest speed at which the manufacturer’s
design will permit continuous operation.

1.4.21 normal operating point: The point at which
usual operation is expected and optimum efficiency is
desired. This point is usually the point at which the vendor
certifies that performance is within the tolerances stated in
this standard.
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CENTRIFUGAL FANS FOR PETROLEUM, CHEMICAL AND GAS INDUSTRY SERVICES 3

1.4.22 oil mist lubrication: Lubrication systems that
employ oil mist produced by atomization in a central supply
unit and transported to the bearing housing by compressed air.

1.4.23 pure oil mist lubrication (dry sump): The mist
both lubricates the bearing(s) and purges the housing(s).

1.4.24 purge oil mist lubrication (wet sump): The
mist only purges the bearing housing. Bearing lubrication is
by conventional oil bath, flinger, or oil ring.

1.4.25 radially split: Casing joints that are transverse to
the shaft centerline.

1.4.26 shaft cooler (heat slinger): A fan (impeller),
mounted on the shaft between the seal(s) and bearings, which
reduces transfer of heat from the case to the bearings.

1.4.27 shutdown point: A preset value of a parameter at
which automatic or manual shutdown of the system is
required.

1.4.28 sound trunk: The silencer(s) plus transition
piece(s) between silencer(s) and fan.

1.4.29 standard flow (SM3 or SCF): The flow rate
expressed in volume at “standard” pressure and temperature
conditions. ISO standard flow rate is cubic meters per hour or
minute (m3/h or m3/min.) at an absolute pressure of 1.013
Bar (14.7 Ib. per square in. [psi]) and a temperature of 0°C
(32°F). Customary units are standard cubic feet per minute
(SCFM) or million SCF per day (MMSCFD) at an absolute
pressure of 14.7 psia and a temperature of 60°F.

1.4.30 total indicated run-out (TIR): Also known as
total indicator reading, is the run-out of a diameter or face
determined by measurement with a dial indicator. The indica-
tor reading implies an out-of-squareness equal to the reading
or an eccentricity equal to half the reading,

1.4.31 trip speed (revolutions per minute): The
speed at which the independent emergency overspeed device
operates to shut down a prime mover (see Table 1).

1.4.32 turndown: The percentage of change in capacity
(referred to rated capacity) between the rated capacity and
surge point capacity at the rated head when the unit is oper-
ated at rated suction temperature and gas composition.

1.4.33 unit responsibility: The responsibility for coor-
dinating the technical aspects of the equipment and all auxil-
iary systems included in the scope of the order. Responsibility
for such factors as the power requirements, speed, rotation,
general arrangement, couplings, dynamics, noise, lubrication,
sealing system, material test reports, instrumentation, piping,
and testing of components shall be reviewed.
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Table 1—Driver Trip Speeds

Trip Speed
Driver (Percent of Rated Speed)

Steam Turbine

NEMA Class A2 115

NEMA Class B, C, D? 110
Gas Turbine 115
Variable-speed Motor 110
Reciprocating Engine 110

aIndicates governor class as specified in NEMA SM 23.

1.5 REFERENCED PUBLICATIONS

1.5.1 The editions of the following standards, codes, and
specifications that are in effect at the time of publication of
this standard shall, to the extent specified herein, form a part
of this standard. The applicability of changes in standards,
codes, and specifications that occur after the inquiry shall be
mutually agreed upon by the purchaser and vendor.

API

RP 500 Classification of Locations for Electrical
Installations at Petroleum Fucilities

Std 541 Form-wound  Squirrel-cage  Induction
Motors—250 Horsepower and Larger

Std 546 Brushless Synchronous Machines—500
KVA and Larger

Std 611 General Purpose Steam Turbines for
Petroleum, Chemical and Gas Industry
Service

Std 614 Lubrication, Shaft-sealing, and Control-
oil Systems and Auxiliaries for Petroleum,
Chemical, and Gas Industry Services

Std 616 Gas Turbines for the Petroleum, Chemi-
cal, and Gas Industry Services

Std 670 Vibration, Axial-positioning, and Bearing
Temperature Monitoring Systems

Std 677 General Purpose Gear Units for Petro-
leum, Chemical, and Gas Industry
Services

ABMA!

Standard 7 Shaft and Housing Fits for Metric Radial
Ball and Roller Bearings

Standard 8 Ball and Roller Bearing Mounting
Accessories

Standard 9 Load Ratings and Fatigue Life for Ball
Bearings

! American Bearing Manufacturers Association, 1101 Connecticut

Avenue, N.W., Suite 700, Washington, D.C. 20036.
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4 API STANDARD 673

Standard 20 Metric Ball and Roller Bearings (Except
Tapered Roller Bearings) Conforming to
Basic Boundary Plans: Bounder Dimen-
sions, Tolerances, and Identification
AGMA?
9002 Bores and Keyways for Flexible Cou-
plings (Inch Series)
AMCA3
801-92 Industrial  Process/Power  Generation

Fans: Specifications Guidelines
Std. 99-2404-98 Drive Arrangements for Centrifugal Fans

Std. 210-99 Laboratory Methods of Testing Fans for
Aerodynamic Performance Testing
Std. 203-90 Field Performance Measurement of Fan
Systems
Std. 802-92 Industrial  Process/Power  Generation
Fans: Establishing Performance Using
Laboratory Models
Std. 803-96 Industrial Process/Power Performance
Fans: Site Performance Test Standard
ASME*
B 1.20.1 Pipe Threads, General Purpose (Inch)
B 16.1 Cast Iron Pipe Flanges and Flanged
Fittings
- B16.5 Pipe Flanges and Flanged Fittings (Steel)
f: B 16.11 Forged Steel Fittings, Socket-welding, and
- Threaded
B 1642 Ductile Iron Pipe Flanges and Flanged
Fittings, Class 150 and 300
B 16.47 Large-diameter Steel Flanges; NPS 26
through NPS 60
B17.1 Keys and Keyseats
B31.3 Chemical Plant and Petroleum Refinery
Piping
Boiler and Pressure Vessel Code: Section
VIII, “Pressure Vessels,” and Section IX,
“Welding and Brazing Qualifications”
ASTM?
A 278 Gray Iron Castings for Pressure-contain-

ing Parts for Temperatures up to 345°C
(650°F)

2 American Gear Manufacturers Association, 1500 King Street,
Suite 201, Alexandria, Virginia 22314.

3 Air Movement and Control Association, 30 West University Drive,
Arlington Heights, [llinois 60004.

4ASME International, 3 Park Avenue, New York, New York 10016-
5990.

5 American Society for Testing and Materials, 100 Barr Harbor
Drive, West Conshohocken, Pennsylvania 19428-2959.

A 395 Ferritic Ductile Iron Pressure Retaining
Castings for Use at Elevated Temperatures
A 536 Ductile Iron Castings
E 94 Guide for Radiographic Testing
E 125 Reference Photographs for Magnetic Par-
ticle Indications on Ferrous Castings
E 142 Method for Controlling Quality of Radio-
graphic Testing
E 709 Practice  for  Magnetic  Particle
Examination
AWS
D1.1 Structural Welding Code-steel
D 14.6 Welding of Rotating Elements of
Equipment
IEEE
841 Standard for Petroleum and Chemical
Industry Severe Duty TEFC Squirrel Cage
Induction Motors—Up to and Including
500HP
ISO®
1940 Mechanical Vibration-balance Quality
Requirements of Rigid Rotors
3740 Acoustics-determination of Sound Power
Levels of Noise Sources-precision Meth-
ods for Broad-band  Sources in
Reverberation Rooms
3744 Acoustics-determination of Sound Power
Levels of Noise Sources-engineering
Methods for Free-field Conditions Over a
Reflecting Plane
3746 Acoustics-determination of Sound Power
Levels of Noise Sources-survey Method
7005 Metallic Flanges
NFPA®
Publication 70 National Electric Code, Articles 500, 501,
502, and 504

6 American Welding Society, 550 N.W. LelJeune Road, Miami,
Florida 33135.

TInstitute of Electrical and Electronics Engineers, 445 Hoes Lane,
Piscataway, New Jersey 08855-1331.

8International Organization for Standardization, ISO publications
are available from the American National Standards Institute, 11
West 42nd Street, New York, New York 10036.

9National Fire Protection Association, 1 Batterymarch Park, Quincy,
Massachusetts 02269.
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CENTRIFUGAL FANS FOR PETROLEUM, CHEMICAL AND GAS INDUSTRY SERVICES 5

NACE!0
MR-0175 Sulfide Stress Cracking Resistant Metal-
lic Materials for Oilfield Equipment
SSpC!t
SP 6 Surface Preparation Method

1.5.2 The purchaser and vendor shall mutually determine
the measures that must be taken to comply with any govern-
mental codes, regulations, ordinances, or rules that are appli-
cable to the equipment.

1.5.3 It is the vendor’s responsibility to invoke all applica-
ble specifications to each subvendor.

1.6 UNIT CONVERSION

The factors in Chapter 15 of the API Manual of Petro-
leum Measurement Standards were used to convert from
customary to SI units. The resulting exact SI units were
then rounded off.

2 Basic Design
21 GENERAL

211 The equipment (including auxiliaries) covered by this
standard shall be designed and constructed for a minimum
service life of 20 years and at least 3 years of uninterrupted
service. It is recognized that this is a design criterion.

2.1.2 The vendor shall assume unit responsibility for all
equipment and all auxiliary systems included in the scope of
the order.

2.1.3 The purchaser will specify the equipment’s normal
operating point on the data sheets.

2.1.4 Control of the sound pressure level (SPL) of all
equipment furnished shall be a joint effort of the purchaser
and the vendor. The equipment furnished by the vendor
shall conform to the maximum allowable sound pressure
level specified by the purchaser. The vendor will assume
“free field” hemispherical radiation in predicting SPL. As
installed, proximity to other equipment, structures, etc., may
reflect noise and increase measured SPL.

2.1.5 Unless otherwise specified, cooling water systems
shall be in accordance with 2.1.5.1.

10N ACE International, (formerly the National Association of Corro-
sion Engineers), 1440 South Creek Drive, P.O. Box 218340,
Houston, Texas 77218-8340.

lSteel Structures Painting Council, 40 24th Street, Suite 600, Pitts-
burgh, Pennsylvania 15222.

21.51 A cooling water system or systems shall be
designed for the following conditions:

Velocity over heat exchanger 1.5m/s—2.5m/s 5 ft/s—8 ft/s
surfaces

Maximum allowable working > 5.2 bar (2) 275 psig
pressure

Test pressure = 1.5 x MAWP

Maximum pressure drop 1 bar 15 psi
Maximum inlet temperature 32°C 90°F
Maximum outlet temperature 49°C 120°F
Maximum temperature rise 17°C 30°F
Minimum temperature rise 11°C 20°F

Fouling factor on water side 0.35-m2k/kW  0.002 hr-ft>-F/Btu

Shell corrosion allowance 3.2mm 0.125 in.

Notes:

1. The vendor shall notify the purchaser if the criteria for minimum
temperature rise and velocity over heat exchange surfaces result in a
conflict. The criterion for velocity over heat exchange surfaces is
intended to minimize waterside fouling; the criterion for minimum
temperature rise is intended to minimize the use of cooling water.
The purchaser will approve the final selection.

2. Gauge pressure.

Provision shall be made for complete venting and draining
of the system or systems.

2.1.6 Fans shall be designed and constructed to operate sat-
isfactorily at all specified operating conditions, maximum
continuous speed, and to the trip speed setting of the driver, if
applicable. The vendor shall advise or purchaser will specify
the minimum operating conditions (flow, speed, etc.).

21.7 The arrangement of the equipment, including ducting
and auxiliaries, shall be developed jointly by the purchaser
and the vendor. The arrangement shall provide adequate
clearance areas and safe access for operation and mainte-
nance. See Appendix B for typical arrangements.

2.1.8 Motors, electrical components and electrical installa-
tions shall be designed and constructed for the area classifica-
tion (class, group, and division or zone) specified by the
purchaser on the data sheets and shall meet the requirements
of NFPA 70, Articles 500, 501, 502, and 504 as well as local
codes specified and furnished by the purchaser.

2.1.9 Oil reservoirs and housings that enclose moving
lubricated parts (such as bearings, shaft seals, highly polished
parts, instruments and control elements) shall be designed to
minimize contamination by moisture, dust, and other foreign
matter during periods of operation and idleness.
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6 API STANDARD 673

2.1.10 All equipment shall be designed to permit rapid and
economical maintenance. Major parts such as machined fan
components and bearing housing shall be designed (shoul-
dered or cylindrically doweled) and manufactured to ensure
accurate alignment on reassembly.

2.1.11 The machine and its driver shall perform on the test
stand (when a test is specified) and on their permanent foun-
dation(s) within the specified acceptance criteria. After instal-
lation, the performance of the combined units shall be the
joint responsibility of the purchaser and the vendor who has
unit responsibility.

2112 Many factors (such as ducting loads, alignment at
operating conditions, supporting structure, handling during
shipment and handling and assembly at the site) may
adversely affect site performance. To minimize the influence
of these factors, the vendor shall review and comment on the
purchaser’s ducting and foundation drawings, and when spec-
ified, the vendor’s representative shall observe a check of the
ducting performed by parting the flanges. When specified, the
vendor’s representative shall check alignment at the operating
temperature and shall be present during the initial alignment
check.

2113 The purchaser will specify whether the installation
is indoors (heated or unheated) or outdoors (with or without a
roof), as well as the weather and environmental conditions in
which the equipment must operate (including maximum and
minimum temperatures, unusual humidity and dusty or corro-
sive conditions).

2.1.14 Spare parts for the machine and all furnished auxil-
iaries shall meet all the criteria of this standard.

2.1.15 Fan arrangement and bearing support, whether dou-
ble-width/double-inlet or single-width/single-inlet, shall be in
accordance with AMCA Publication 99-86, AMCA Standard
99-2404-78, arrangement 3 or 7 (see Appendix B of this stan-
dard), with fan wheel located between bearings, the bearings
mounted on independently supported pedestals, and the bear-
ings protected from the air or gas stream when any of the fol-
lowing conditions exist:

a. Impeller diameter greater than 1500 mm (60 in.) for
forced draft.
b. Driver rated power of 110 kW (150 horsepower) or
greater.

. Speed greater than 1800 rpm.
d. 220°C (425°F) or greater design temperature.
e. Toxic flammable, or other hazardous service.

. Corrosive or erosive service.

f.
g. Service subject to fouling deposits that could cause rotor
unbalance.
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For less arduous service, arrangements 1, 8, and 9 with
bearings mounted independent of the fan housing, are accept-
able with purchaser’s approval.

Note: In allowing these different arrangements the following should
be considered:

a. Fouling deposits which result in unbalance.

b. Reduced speed is desirable for erosive service.

c. Belt drives should be limited to the requirements of 3.3.

d. Speeds greater than 1800 rpm may be considered when speed is
limited to 90% of vendor’s published design, or power is less than
30 kW (40 horsepower).

e. Induced draft impellers should not exceed 760 mm (30 in.)
diameter.

2116 Fan performance shall be based on the static pres-
sure rise across the fan inlet and outlet flanges. In specifying
required operating conditions on the data sheet, the pur-
chaser is responsible for accounting for inlet velocity pres-
sure. The fan vendor is responsible for including the
pressure losses attributed to all items within his scope to
obtain the required S.P. rise. Refer to Figure 2 and Section 3
AMCA 801-92.

2.1.17 Unless otherwise specified, fans shall have tum-
down capability to 60% or less of rated flow. For parallel
operations, fan performance shall have a continuously rising
pressure characteristic (pressure versus flow plot) from the
rated capacity to surge. Performance curves, corrected for the
specified gas at the specified conditions, shall be based on
performance tests of actual or prototype equipment, including
evase, if any, and inlet box(es). Refer to Figure 3 for typical
fan characteristic curves. Parallel operation is allowed only
on the continuously increasing portion of the curve.

2.1.18 Fans shall be of “stiff shaft” design. (See 2.7.1.3.)

2.1.19 Induced draft fans shall be mechanically designed
for operation at 55°C (100°F) above maximum specified inlet
gas temperature.

21.20 Fan, components, and accessories shall be designed
to withstand all loads and stresses during rapid load changes,
such as across-the-line starting of motor drivers, failure of
damper operator, and sudden opening of dampers.

2.1.21 Fan Inlets

2.1.21.1 On forced draft fans, the provision of inlet equip-
ment and arrangements; including silencer(s) and transition
piece(s), shall be coordinated between the preheat system
vendor and the fan vendor. (Portions may normally be sup-
plied by each.) Unless otherwise specified, air intake(s) shall
be at least 4.5 m (15 ft) above the grade.

Note: The purchaser should evaluate air intake elevation require-
ments, considering the possibility of dust entering the system and
causing surface fouling, the area noise limitation requirement and
corresponding need for a silencer, possibility of a combustible vapor
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1. Static Pressure is that portion of the air pressure which
exists by virtue of the degree of compression only. It
may be positive or negative relative to the ambient
atmospheric pressure.

2. Velocity Pressure is that portion of the air pressure which
exists by virtue of the rate of motion only. It is always
positive.

3. Total Pressure is the air pressure that exists by virtue of
the degree of compression and the rate of motion. It is
the algebraic sum of the velocity pressure and the static
pressure at a point.

4. Fan Total Pressure (P,) is the difference between the
total pressure at the fan outlet and the total pressure at
the fan inlet.

P, =Py— Py

5. Fan Velocity Pressure (P,) is the pressure corresponding
to the average velocity at the specified fan outlet area.
P v P 12

6. Fan Static Pressure (P;) is the difference between the fan
total pressure and the fan velocity pressure. Therefore,
the fan static pressure is the difference between the static
pressure at the fan outlet and the total pressure at the fan

inlet.
Ps:Pt7Pv
=Pp—Py—Py
- PSZ+P\72)7P1‘17P\72
=Py -Py

7. Fan Static Pressure Rise (AP;) is the static pressure at the
fan outlet minus the static pressure at the fan inlet.
AP s P s27 P sl

The difference between fan static pressure and static
pressure rise is the inlet velocity pressure.
APsfps:mﬁ*Psl)*(PsZ*Ptl)
- s27P517Ps2 +Ps1 +Pvl
=P vl

Note: The above figure and definitions are found in AMCA Publication 801-92.

Figure 2—Fan Pressure Rise Terms
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and this must be taken into
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The above chart was extracted from ACMA Publication 201-90. The performance curves above reflect general characteristics of various
types of fans commonly used. They are not intended to provide complete selection criteria for application purposes since other pertinent
parameters are not defined.
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Figure 3—Fan Characteristic Curves
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entering the fan, and possible horsepower penalties of inlet stack and
silencer configurations.

21.21.2 Fan inlet equipment for atmospheric air intake
applications shall include intake cap or hood, trash screen,
ducting and support, inlet damper or guide vanes, inlet boxes,
and silencer, as required. All components shipped separately
shall be flanged for assembly. The inlet equipment assembly
shall be designed for the wind load shown on the fan data
sheet. The minimum thickness for the above components
shall be 4.75 mm (3/16 in.).

21.22 When specified, fans shall be designed to allow
installation of fan blade cleaning systems. The fan vendor
shall provide drawings showing the suggested mounting of
this system. As a minimum these drawings shall include:

1. Connection size, location, and material.

2. Recommended element make, model, size, and
material.

3. Recommended cleaning medium, with required pres-
sure and temperature.

4. Recommended frequency and duration of cleaning.

5. Any other operating limitations.

Elements of the blade cleaning system inside the fan hous-
ing shall be supplied by the fan vendor and made of corrosion
resistant material. The internal system shall be supported to
prevent vibration damage. The purchaser will specify avail-
able cleaning media pressure and temperature.

2.2 FAN HOUSING

2.21 The fan scroll and housing shall be continuously
welded plate construction. For corrosive, erosive, or hazard-
ous gas service, the pressure containing joints of the fan hous-
ing shall be continuously welded inside and out. For
arrangement 3 fans (see Appendix B), the housing and inlet
box(es) shall be split with a bolted, flanged, and gasketed
connection to allow for removal of the assembled rotor with-
out disturbing the duct connections. Other arrangements shall
be similarly constructed when rotor diameters exceed 1100
mm (42 in.). Minimum housing plate thickness shall be 4.75
mm (3/16 in.) for forced draft fans and 6.4 mm (1/4 in.) for
induced draft fans. The housing shall be free of fan induced
structural resonance(s) and limit vibration and noise. Stiffen-
ers shall be provided when required. The inlet cone must be
split, separately removable, or removable as an assembly with
the rotor.

2.2.2 Bolted and gasketed access doors, minimum
600mm x 600 mm (24 in. x 24 in.) shall be provided in the
scroll and inlet box(s) to access the fan internals for
inspection, cleaning, rotor balancing and any internal bolt-
ing necessary for rotor removal. If fan size and construc-
tion will not permit this size access doors, the largest
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practical access openings shall be provided in the scroll
and inlet box(es).

2.2.3 Adequate flanged sections shall be provided in the
fan housing and inlet box(es) so that the rotor can be removed
and installed without requiring personnel to enter the inlet
box(es).

Note: Access to enclosed spaces should be limited because of the
safety considerations of personnel entering a confined area. Excep-

tion to this requirement may be acceptable for specific application(s)
where confined space safety considerations are properly addressed.

224 When specified, induced-draft fan housings shall
have side and full width scroll liner(s) of abrasion-resistant
material. The material shall be retained in place as agreed by
the vendor and purchaser. As an option double thick scroll
and side-wall of “standard” materials may be specified.

2.2.5 When specified, or when deemed necessary by the
fan vendor, the fan housing shall be supported close to the
horizontal centerline to minimize changes in housing/rotor
relative position, and maintain shaft to housing seal clear-
ances and alignment within manufacturer’s limits.

Note: A fan housing is normally supported from feet mounted at the
lowest point. Because the fan rotor is usually separately supported,
changes in relative position between rotor and housing will result
thermal expansion. It is the fan vendor’s responsibility to ensure that
all clearances are adequately controlled over the range of tempera-
tures for which the fan is specified to operate.

2.2.6 Fan housing mounting surfaces shall have a
machined finish of 3 um (125 pin.) Ra or smoother. To pre-
vent soft foot, all mounting surfaces shall be in the same
plane within 50 um (0.002 in.). Hold down or foundation
bolt-holes shall be drilled perpendicular to the mounting sur-
face(s) and castings spot faced to a diameter 3 times that of
the hole. Mounting feet shall be drilled with pilot holes acces-
sible for use in final doweling. Vertical jackscrews are
required for vertical alignment shall be arranged to prevent
marring of shimming surfaces.

2.3 FAN HOUSING CONNECTIONS

2.3.1 Inlet and discharge connections shall be flanged and
bolted. Facings, gaskets, and bolting of all connections shall
be adequate to prevent leakage. Unless otherwise specified,
gaskets and bolting for the purchaser’s inlet and discharge
connection shall be specified by the vendor and will be pro-
vided by the purchaser.

2.3.1.1 When connections of different size or shape, than
those covered by ASME are supplied, the vendor shall supply
equipment flange details to the purchaser for the purpose of
manufacturing mating parts. When specified, the mating parts
shall be furnished by the vendor.

® 2.3.1.2 When specified, ASME B16.5 or B16.47 standard

flanges shall be provided in toxic or flammable services.

Not for Resale



10 API STANDARD 673

2.3.2 Connections welded to the casing shall meet the
material requirements of the casing, including impact values
rather than the requirements of the connected piping (see
2.10.3).

2.3.3 Fan housing openings for pipe connections shall be at
least NPS 3/4 and shall be flanged or machined and studded.
Where flanged or machined and studded openings are
impractical, threaded openings in sizes NPS 3/4 through 11/2
are permissible. The threaded openings shall be installed as
specified in 2.3.3.1 through 2.3.3.7.

2.3.31 A pipe nipple, preferably not more than 150 mm
(6 in.) long, shall be screwed into the threaded opening.

2.3.3.2 Pipe nipples shall be a minimum of Schedule 40.

2.3.3.3 The pipe nipple shall be provided with a welding-
neck or socket-weld flange.

2.3.3.4 The nipple and flange materials shall meet the
requirements of 2.3.2.

2.3.3.5 The threaded connection shall be seal welded;
however, seal welding is not permitted on cast iron equip-
ment, for instrument connections, or where disassembly is
required for maintenance. Seal-welded joints shall be in
accordance with ASME B31.3.

2.3.3.6 Tapped openings and bosses for pipe threads shall
conform to ASME B16.5.

2.3.3.7 Pipe threads shall be taper threads conforming to
ASME B1.20.1.

2.3.4 Openings for NPS 1l/4, 212, 31/2, 5, 7, and 9 shall
not be used.

2.3.5 Tapped openings not connected to piping shall be
plugged with solid, round-head steel plugs furnished in accor-
dance with ASME B16.11. As a minimum, these plugs shall
meet the material requirements of the casing. Plugs that may
later require removal shall be of corrosion-resistant material.
A lubricant that meets the proper temperature specification
shall be used on all threaded connections. Tape shall not be
applied to threads of plugs inserted into oil passages. Plastic
plugs are not permitted.

2.3.6 Pipe flanges shall conform to ASME B16.1, B16.5,
or B16.42 as applicable.

2.3.7 All of the purchaser’s connections shall be accessible
for disassembly without the machine being moved.

2.3.8 Accessible flanged drain connections, NPS 2 mini-
mum size, shall be provided at the low points of the housing
and inlet boxes.
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2.4 EXTERNAL FORCES AND MOMENTS

® 241 Fan housings are generally designed to accept small

external forces and moments from the inlet and outlet con-
nections. It is the purchaser’s responsibility to specify the
external loads to be imposed on the fan housing from the
ancillary equipment (ducting, sound trunks, silencers, filters,
etc.) if this equipment is not supplied by the fan vendor. The
vendor shall design the housing to accept the specified loads
such that:

a. Distortion resulting from imposed loads does not affect
performance.
b. No internal rubs result.

2.5 ROTATING ELEMENTS

2.51 Materials selection shall be by joint agreement
between the purchaser and vendor. The vendor shall fully
detail materials, thickness, and construction details for each
rotor assembly.

2.5.2 Fan wheels shall be designed for the highest effi-
ciency consistent with the application. Blade design shall be
mutually agreed upon between the purchaser and vendor.

Note 1: Forced-draft fans impellers may be provided with backward
inclined or backward curved airfoil type. Induced-draft fans impel-
lers may be radial, radial tipped, backward inclined, or backward
curved airfoil type; with consideration of operation in possibly dirty
gas environment.

Note 2: Design configurations listed below are available options:

a. Hollow-shaped airfoil construction of 2.5 mm (0.10 in.)
minimum thickness skin material; designed and constructed
to prevent the internal accumulation of condensable foulants,
or corrosion products. The purchaser shall exercise care in the
application of this design in corrosive and/or erosive environ-
ments such as found in some induced draft services.

b. Solid blades with airfoil shape.

c. Single thickness, 6.0 mm (!/4 in.) minimum, non-airfoil
shape.

2.5.3 Welded construction of the fan wheel is required.
Shrouds, back plates, and center plates shall normally be of
one-piece construction, but may be fabricated if the sections
are joined by full strength/penetration butt welds. Corrosive-
ness, erosiveness, and temperature (including excursions) of
gas specified by the purchaser shall be considered during
material selection.

® 2.5.4 When specified, corrosion-resistant shaft sleeves shall

be provided. Sleeves shall extend 150 mm (6 in.) into the fan
housing or to the impeller hub. Shaft sleeves shall be installed
with an interference fit, and the fit and assembly shall take
into account differential thermal expansion at the highest
operating temperature. After assembly of the shaft, mechani-
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cal run out on the shaft sleeve shall not exceed 50 um (0.002
in.) total indicated run out in the seal area.

2.5.5 Impellers shall have solid hubs, be keyed to the
shaft and be secured with an interference fit. Unkeyed fits
with appropriate interference are permissible with pur-
chaser’s approval. The fit shall have a minimum interference
of 0.0005 mm per mm (0.0005 in. per in.) of bore diameter;
however, the actual interference fit shall be shown on the
data sheet and outline drawing. The impeller hub to shaft fit
design shall preclude axial movement of the hub along the
shaft caused by gross changes in temperature. The hub bore
and shaft outside diameter shall be machined to a finish of
32 pnin. arithmetic average roughness (Ra) or better in the
interference fit contact area. Cast or ductile iron hubs or hol-
low hubs are not acceptable except in services below 150°C
(300°F) or at a fan tip speed of less than 6000 m/min.
(20,000 ft/min.).

2.5.6 The purchaser will specify on the data sheet the rate
of temperature change—heating and cooling—for the rotor.
The vendor shall assure that an adequate interference fit (hub
to shaft) is maintained considering purchaser’s defined oper-
ating conditions, including transients.

2.5.7 Shafts shall be one piece, forged steel, heat-treated
after rough machining. Shafts 200 mm (8 in.) in diameter and
smaller may be machined from hot rolled steel. All shafts
shall be stress relieved after rough machining. Shaft diameter
for arrangement 3 and 7 shall be stepped on both sides of
impeller fit area to facilitate impeller removal. Fillets shall be
provided at all changes in shaft diameters. Keyway fillets
shall be in accordance with ASME B 17.1. Welding on the
shaft is not permitted. Cold rolled steel; turned, ground, and
polished, may be used for shafts not exceeding 100 mm (4
in.) finished diameter.

2.6 SHAFT SEALING OF FANS

2.6.1 Shaft seals, including labyrinth, floating bushing,
close clearance annulus, felt or cloth, or honeycomb types,
shall be provided to minimize leakage from or into fans over
the range of specified operating conditions and during periods
of idleness. Seals shall be designed to operate for process
conditions that may vary during start-up and shutdown or any
special operation specified by the purchaser.

2.6.2 Fans with negative pressure at the shaft seals, except
forced draft fans in air service and induced draft fans exhaust-
ing to the atmosphere, shall be provided with double seals of
the floating type suitable for pressurization.

2.6.3 When the seal is specified to be in toxic, high pres-
sure, or flammable service, provision for a centralized buffer
gas injection and/or eductor system shall be supplied to mini-
mize leakage. System details shall be mutually agreed upon
by the purchaser and the vendor.
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2.6.4 Shaft sealing elements shall be replaceable without
disturbing the shaft and bearings, or dismantling ductwork or
the fan casing,

2.6.5 Shaft seal clearances and materials shall be based on
the operating temperature as specified by the purchaser. Tem-
perature excursions shall also be considered in the design.

2.7 DYNAMICS
2.71 Critical Speed

2.71.1 When the frequency of a periodic forcing phenom-
enon (exciting frequency) applied to a rotor-bearing support
system coincides with a natural frequency of that system, the
system may be in a state of resonance.

2.71.2 A rotor-bearing support system in resonance will
have its normal vibration displacement amplified. The magni-
tude of amplification and the rate of phase-angle change are
related to the amount of damping in the system and the mode
shape taken by the rotor.

Note: The mode shapes are commonly referred to as the first-rigid
(translatory or bouncing) mode, the second (conical or rocking)
mode, and the (first, second, third...nth) bending mode.

2.71.3 When the rotor amplification factor (see Figure 4),
as measured at the shaft radial vibration probes, is greater
than or equal to 2.5, the corresponding frequency is called a
critical speed, and the corresponding shaft rotational fre-
quency is also called a critical speed. For the purpose of this
standard, a critically damped system is one in which the
amplification factor is less than 2.5.

Note: This speed is defined in AMCA Publication 801-92 under the
heading “Design Criteria” as “Design Resonant Speed.”

2.71.4 An exciting frequency may be less than, equal to,
or greater than the rotational speed of the rotor. Potential
exciting frequencies that are to be considered in the design of
rotor-bearing systems shall include, but are not limited to, the
following sources:

Unbalance in the rotor system.

. Oil-film instabilities (whirl).

Blade passing frequencies.

. Gear-tooth mesh and side bands.

Coupling misalignment.

Loose rotor-system components.

g. Synchronous motor or variable frequency drive torsional
transients.

ho oo o

2.71.5 Resonances of structural support systems may
adversely affect the rotor vibration amplitude. Therefore, res-
onances of structural support systems that are within the ven-
dors scope of supply and that affect the rotor vibration
amplitude, shall not occur within the specified operating
speed range or the specified separation margins (see 2.7.2.
and Appendix C) unless the resonances are critically damped.
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Figure 4—Rotor Response Plot
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2.71.6 The vendor who is specified to have unit responsi-
bility shall determine that the drive train (turbine, gear, motor,
etc.) critical speeds (rotor lateral, system torsional, blading
modes, etc.) will not excite any critical speed of the machin-
ery being supplied. The entire train shall be suitable for oper-
ation in the specified operating speed range, including any
starting-speed detent (hold point) requirements of the train. A
list of all undesirable speeds from zero to trip shall be submit-
ted to the purchaser for his review and included in the instruc-
tion manual for his guidance (see Appendix F, item 33).

2.7.2 Lateral Analysis

2.7.21 The need for a fan rotor-lateral analysis shall be
determined using the process set out in Figure 5. For this pro-
cess, the following definitions apply:

a. Identical fan. Same size, aerodynamic design, number of
stages, RPM, size and type of shaft seal, size and type of
bearings, and coupling mass and overhang.

b. Similar fan. By agreement between purchaser and manu-
facturer, considering the factors listed in (a) above.

c. Classically stiff. First bending critical speed is above the
fan’s maximum allowable continuous speed by 20% (or
greater). This is a Separation Margin (SM) of 20%. (See Fig-
ure 4.)

2.7.2.2 A lateral analysis, if required by 2.7.2.1, shall be
carried out and the results assessed in accordance with
Appendix C.

2.7.2.3 When specified, the effects of other equipment in
the train shall be included in the damped unbalanced response
analysis (that is, a train lateral analysis shall be performed)

Note: This analysis should be considered for machinery trains with
long coupling spacers (more than 36 in.), rigid couplings, or both.

2.7.3 Torsional Analysis

2.7.3.1 Excitations of undamped torsional natural frequen-
cies may come from many sources, which should be consid-
ered in the analysis. These sources may include but are not
limited to the following:

a. Gear problems such as unbalance and pitch line run-out.
b. Start-up conditions such as speed detents and other tor-
sional oscillations.

c¢. Torsional transients such as start-ups of synchronous elec-
tric motors.

d. Torsional excitation resulting from drivers such as electric
motors and reciprocating engines.

e. Hydraulic governors.

f. Electronic feedback and control-loop resonances from
variable-frequency motor drives.

g. One and two times line frequencies.

h. Running speed or speeds.
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Fan design

Fan identical Analysis not
or similar to recommended

Classically Analysis not
stiff rotor recommended

Analysis required

Figure 5—Lateral Analysis Decision Tree

2.7.3.2 A torsional analysis shall be performed by the man-
ufacturer with unit responsibility when the driver is one of the
following;

a. Electric motor, or turbine, through a gear rated 1500 kW
(2000 HP) or higher.

b. Internal combustion engine rated 250 kW (325 HP) or
higher.

c. Synchronous motor rated 500 kW (700 HP) or higher.

d. Electric motor with variable frequency control (VFD)
rated 900 kW (1250 HP) or higher.

The analysis shall be for the train as a whole unless the
train includes a device that has weak dynamic coupling, e.g.,
a hydraulic coupling or torque converter.

2.7.3.3 Excitation at the following frequencies shall be

evaluated (“RPM” refers to rotor speed; “»” is an integer
determined by the driver manufacturer);

a. Train with gear(s): one and two x RPM.

b. Engine drives: n x RPM (n = no. of cyl./cycles).

c. Synchronous motor: n x slip frequency or RPM (# = no. of
poles), one and two x line frequency.

d. VFD: 1 and 2 x line frequency.

The excitation frequencies for motor drives, items ¢ and d,
include transient and steady state conditions.
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2.7.3.4 The undamped torsional natural frequencies of the
complete train shall be at least 10% above or 10% below any
possible excitation frequency within the specified operating
speed range (from minimum to maximum continuous speed).

2.7.3.5 When torsional resonances are calculated to fall
within the margin specified in 2.7.3.4 (and the purchaser and
the vendor have agreed that all efforts to remove the critical
from within the limiting frequency range have been
exhausted), a stress analysis shall be performed to demon-
strate that the resonances have no adverse effect on the com-
plete train. The acceptance criteria for this analysis shall be
mutually agreed upon by the purchaser and the vendor.

2.7.4 Vibration and Balance

2.7.4.1 Prior to rotor assembly, the shaft shall be inspected
for mechanical runout and concentricity at impeller mounting
surface and bearing journals. Runout shall not exceed the fol-
lowing total indicator reading (TIR):

Shaft Diameter Total Indicator Reading
(At Point Measured) ‘Wheel Mounting Area/Journal
n. millimeters n. micrometers
<6 <150 0.002/0.001 50/25
>6,<14 > 150, <360 0.003/0.0015 75/38
> 14 > 360 0.004/0.002 100/50

A run-out recheck adjacent to the hub shall be made after
rotor assembly and prior to balancing. Certified run-out
reports shall be furnished by the vendor.

2.7.4.2 Balance weights, if required, shall not exceed
6 mm (!/4 in.) in thickness, or exceed the thickness of the
member to which the weight is attached and shall be continu-
ously welded onto the wheel in two or three defined balanc-
ing planes. Those balance weights required in the gas passage
shall be ground to the impeller surfaces at a fillet angle not
exceeding 20 degrees.

2.7.4.3 TImpellers and similar major rotating components
shall be dynamically balanced to ISO 1940 (International
Organization for Standardization) Grade 2.5. The rotating
element shall be multi-plane dynamically balanced during
assembly. This shall be accomplished after the addition of no
more than two major components. Balancing correction shall
only be applied to the elements added. Minor correction of
other components may be required during the final trim bal-
ance of the completely assembled element. When spare rotors
are supplied, they shall be dynamically balanced to the same
tolerance as the main rotor.

2.7.44 When specified, after the final balancing of each
assembled rotating element has been completed, a resid-
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ual unbalance check shall be performed and recorded in
accordance with the residual unbalance work sheet (see
Appendix E).

2.7.4.5 The residual unbalance shall not exceed the values
for balance grade G 2.5 (see Appendix D).

@ 2.7.4.6 When specified, couplings shall be mounted on the

shaft after rotor balance, and then the balance shall be
rechecked and corrected to meet the required tolerance.

2.7.4.7 During the shop test of the assembled machine,
operating at maximum continuous speed or at any other speed
within the specified operating speed range, the maximum
allowable unfiltered peak amplitude of vibration in any plane
measured on the bearing housing shall not exceed the value
given in Table 2. At the trip speed of the driver, the vibration
shall not exceed 150% of these values.

2.8 BEARINGS AND BEARING HOUSINGS
2.8.1 General

2.8.1.1 Shaft bearings shall be accessible without disman-
tling duct work or fan casing. Overhung impeller designs
shall have provisions for supporting rotor during bearing
maintenance.

2.8.1.2 Hydrodynamic radial and thrust bearings shall be
required under the following conditions:

a. With fan drivers rated greater than 225 kW (300 HP),
unless specific approval is obtained from the purchaser.

b. Where antifriction bearing dmN factors exceed the limits
in Table 3.

c. When standard antifriction bearings fail to meet an L rat-
ing life (see AFBMA Standard 9) of 80,000 hours with
continuous operation at normal conditions. (The rating life is
the number of hours at the rated bearing load and speed that
90% of a group of identical bearings will complete or exceed
before the first evidence of failure.)

d. When gas temperature exceeds 200°C (400°F).

2.8.1.3 When specified, the actual radial and thrust loads
for arrangement 3 and 7 bearings (see Appendix B) shall be
documented on the outline drawing.

2.8.2 Antifriction Bearings

2.8.21 Aantifriction bearings shall be retained on the shaft
and fitted into housings in accordance with the requirements of
AFBMA Standard 7, except when tapered adapter sleeves are
provided they shall meet the requirements of Standard 8. On
units with drivers rated over 75 kW (100 HP) the device used
to lock ball thrust bearings to the shaft shall be restricted by a
nut with a tongue-type lock washer, e.g., Series W.
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Table 2—Vibration Limits for Fans

Point of
Measurement Bearing Housing Shaft?
Fan Bearings All Hydrodynamic(J/B)
in./sec mils
Units mm/s (true pk) micron (pk/pk)
Unfiltered <4.0 <0.16 <50 <2.0
Filtered? <25 <0.10 <40 <1.6
Notes:

1. At any flow within the specified operating envelope.

2. Applies when optional API 670 proximity type probes are
purchased and installed adjacent to hydrodynamic bearings.
3. At discrete frequencies.

Table 3—Anti-friction Bearing Limiting dmN Factors

Static Oil  Circulating

(Splash Oil or Grease
Bearing Type Lubricated) Oil Mist  Lubricated

Radial: 450,000 500,000 380,000
Single row ball bearings
Cylindrical roller bearings
(see note)
Radial: 300,000 350,000 200,000
Tapered roller bearings
Spherical roller bearings
Double row ball bearings
Thrust: 200,000 240,000 130,000
Single row ball bearings
Thrust: 300,000 360,000 220,000
Double row angular contact
Thrust: 230,000 270,000 57,000
Tapered roller bearings
Where:  dm = mean bearing diameter (d + D)/2, in mm.

N = rotative speed, in revolutions per minute.

Note: Limits for cylindrical roller bearings with machined cages.
Pressed cage bearing limits are 20% lower.

2.8.2.2 Except for the angular contact type, antifriction
bearings shall have a loose internal clearance fit equivalent to
AFBMA Symbol 3, as defined in AFBMA Standard 20. Sin-
gle or double-row bearings shall be of the Conrad type (no
filling slots).

2.8.2.3 The bearings shall be self-aligning and shall not
exceed the dmN limits in Table 3.

2.8.3 Hydrodynamic Radial Bearings

2.8.3.1 Hydrodynamic radial bearings shall be split for
ease of assembly, precision bored, and of the sleeve type, with
steel-backed, babbitted replaceable liners, or shells. These
bearings shall be equipped with anti-rotation pins and shall be
positively secured in the axial direction.

2.8.3.2 The bearing design shall suppress hydrodynamic
instabilities and provide sufficient damping over the entire
range of allowable bearing clearances to limit rotor vibration
to the maximum specified amplitudes (see 2.7.4.7) while the
equipment is operating at specified operating speeds, includ-
ing operation at any critical frequency.

2.8.3.3 The liners or shells shall be in horizontally split
housings and shall be replaceable without the removal of the
casing, inlet box, pedestal, or coupling hub.

2.8.3.4 Sleeve bearings shall be self-aligning, supported on
rigid pedestal(s) independent of the fan housing so as to be
unaffected by vibration, differential expansion, or other
forces from the fan housing.

2.8.4 Thrust Bearings
2841 General

2.8.41.1 Thrust bearings shall be sized for continuous
operation under the most adverse specified operating condi-
tions. Calculation of the thrust force shall include but shall
not be limited to the following factors:

a. Fouling and variation in seal clearances up to twice the
design internal clearances.

b. Variation in inlet and exhaust pressure.

c. External loads from the driven equipment, as described in
2.8.4.1 through 2.8.4.1.3.

d. Operation of double-inlet fans with one inlet 100%
blocked.

2.8.41.2 For gear-type couplings, the external thrust force
shall be calculated from the following formula:

In ST units

_ (0.25)(95,540)Pr
(N¥D)

F

In U.S. Customary units

_ (0.25)(63,000)Pr
(N¥D)

F
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where

F = external force, in kilonewtons (1b.),

Pr = rated power, in kilowatts (horsepower),
Nr = rated speed, in revolutions per minute,
D = shaft diameter at the coupling, in mm (in.).

Note: Shaft diameter is an approximation of the coupling pitch
radius.

2.8.4.1.3 Thrust forces for flexible-element couplings shall
be calculated on the basis of the maximum allowable deflec-
tion permitted by the coupling manufacturer.

2.8.4.2 Hydrodynamic Thrust Bearings

2.8.4.21 Hydrodynamic thrust bearings shall be of the
babbitted multiple-segment type, designed for equal thrust
capacity in both directions and arranged for lubrication to
each side. The thrust bearings shall be self-aligning.

2.8.4.2.2 Replaceable thrust collars shall be furnished and
positively locked to the shaft to prevent fretting unless inte-
gral thrust collars are specified by the purchaser.

2.8.4.2.3 Both faces of thrust collars for hydrodynamic
thrust bearings shall have a surface finish of not more than
0.8 um (32 pin.) Ra, and the axial total indicated run-out of
either face shall not exceed 25 um (0.001 in.) after the collar
is mounted on the shaft.

2.8.4.2.4 Hydrodynamic thrust bearings shall be selected
at no more than 50% of the bearing manufacturer’s maximum
allowable load rating for all specified operating conditions.
This may be increased to 80% when considering one inlet
completely closed on arrangement 3 and 7 fans, and start-up
conditions for high temperature fans.

2.8.5 Bearing Housings

2.8.5.1 Bearing housings for non-circulating oil-lubri-
cated bearings shall be provided with tapped and plugged
fill and drain openings at least NPS 1/2, except antifriction
bearing housings may have smaller openings. The housings
shall be equipped with constant-level sight-feed oilers at
least 0.25 1 (8 oz.) in size, with a positive level positioner
(not a setscrew). Heat-resistant glass containers (not subject
to sunlight or heat-induced opacity or deterioration and pro-
tected by wire cages) shall be provided. When specified, the
oilers shall meet the purchaser’s preference. A permanent
indication of the proper running oil level shall be accurately
located and clearly marked on the outside of the bearing
housing with permanent metal tags, marks inscribed in the
castings, or another durable means.
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2.8.5.2 Housings for ring-oil-lubricated bearings shall be
provided with plugged ports positioned to allow visual
inspection of the oil rings while the equipment is running.

2.8.5.3 Bearing housings for circulating oil-lubricated
hydrodynamic bearings shall be arranged to minimize foam-
ing. The drain system shall be adequate to maintain the oil
and foam level below shaft end seals. The rise in oil tempera-
ture through the bearing and housing shall not exceed 30°C
(50°F) under the most adverse specified operating conditions.
The bearing outlet oil temperature shall not exceed 8§0°C
(180°F). When the inlet oil temperature exceeds 50°C
(120°F), special consideration shall be given to bearing
design, oil flow, and allowable temperature rise. Oil connec-
tions on bearing housings shall be in accordance with 2.3.3
through 2.3.7.

2.8.5.4 Bearing housings shall be equipped with replace-
able labyrinth-type end seals and deflectors where the shaft
passes through the housing; lip-type seals shall not be used.
The seals and deflectors shall be made of non-sparking mate-
rials. The design of the seals and deflectors shall effectively
retain oil in the housings and prevent entry of foreign material
into the housing.

2.8.5.5 Adxially split-bearing housings shall have a metal-
to-metal split joint whose halves are located by means of
cylindrical dowels.

2.8.5.6 Sufficient cooling, including an allowance for foul-
ing, shall be provided to maintain the oil temperature below
70°C (160°F) for circulating systems and below 80°C
(180°F) for ring-oiled or splash systems, based on the speci-
fied operating conditions and an ambient temperature of 40°C
(110°F). Cooling may be by water or air, or by use of a heat
slinger (shaft cooler). Where water cooling is required, water
jackets shall be used only for hydrodynamic bearings, shall
have only external connections between the upper and lower
housing jackets, and shall have no gasket joints, which may
allow water to leak into the oil reservoir. If cooling coils
(including fittings) are used, they shall be of nonferrous mate-
rial and shall have no internal pressure joints or fittings. Coils
shall have a thickness of at least 19 Birmingham wire gauge
(BWG) (1 mm [0.042 in.]) and shall be at least 12 mm
(0.50 in.) in diameter.

2.8.5.6.1 All induced draft fans or process fans operating
above 95°C (200°F) and without internal bearing cooling
shall be supplied with heat slingers (with safety guards)
located between the fan housing and/or inlet box(es) and the
adjacent bearing(s). The design of the heat slingers and the
shaft mounting arrangement shall be described in the ven-
dor’s proposal.

2.8.5.6.2 All bearing housings for induced draft fans or
process fans operating above 150°C (300°F) shall have provi-
sions for water cooling,
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2.8.5.7 The requirements of 2.8.5.7.1 through 2.8.5.7.5
apply when oil mist lubrication is specified.

2.8.5.7.1 An oil mist inlet connection, !/4 in. nominal pipe
size shall be provided in the top half of the bearing housing,
The pure- or purge-oil mist fitting connections shall be
located so that oil mist will flow through the antifriction bear-
ings. There shall be no internal passages to short-circuit oil
mist from inlet to vent. If bearings are of the sleeve type, the
connections for the condensing-oil mist fittings shall be
located over the bearings so that makeup oil will drip into the
bearings.

2.8.5.7.2 A vent connection NPS !/4 shall be provided on
the housing or end cover for each of the spaces between the
antifriction bearings and the housing shaft closures. Housings
with only sleeve-type bearings shall have the vent located
near the end of the housing.

2.8.5.7.3 When pure- or purge-oil mist lubrication is speci-
fied, shielded or sealed bearings shall not be used.

2.8.5.7.4 When pure-oil mist lubrication is specified, oil
rings or flingers (if any) and constant-level oilers shall not be
provided, and a mark indicating the oil level is not required.
When purge- or condensing-oil mist lubrication is specified,
these items shall be provided and the oiler shall be piped so
that it is maintained at the internal pressure of the bearing
housing.

2.8.5.7.5 The oil mist supply and drain fittings will be pro-
vided by the purchaser.

2.8.5.8 Access shall be provided so that shaft vibration
measurements can be taken with a hand-held sensor adjacent
to each journal bearing.

2.8.5.9 When specified, a non-contacting speed measure-
ment probe or a mechanical type speed activated switch shall
be provided on the outboard bearing. If a mechanical type
device is provided, it shall be supported from the fan bearing
pedestal.

Note: This speed sensor or switch may be used to monitor speed on
variable speed drives, start the backup drive on dual-drive applica-
tions, or shut down on overspeed.

2.8.5.10 When specified, thrust bearings and radial bear-
ings shall be fitted with bearing-metal temperature sensors
installed in accordance with API 670.

2.8.5.11 When specified, bearing oil temperature indica-
tors shall be provided.

2.8.5.12 When specified, bearing housings shall have a
threaded connection(s) for permanently mounting vibration
transducers in accordance with API 670. When metric fasten-
ers are supplied, the threads shall be M8.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

@ 2.8.5.13 When specified, a flat surface at least 25 mm

(1 in.) in diameter shall be supplied for the location of mag-
netic-based vibration measuring equipment.

@ 2.8.5.14 When specified, hydrodynamic bearing housings

shall have provisions for mounting two radial vibration
probes in each bearing housing and a one-event-per-revolu-
tion probe. The probe installation shall be as specified in
API 670.

2.8.5.15 Bearing housing mounting surfaces shall be
machined in a continuous plane parallel to the bearing bore.

2.8.5.16 Bearing housings shall be drilled with pilot holes
for use in final doweling.

2.9 LUBRICATION

291 Unless otherwise specified, hydrodynamic bearings
and bearing housings shall be arranged for disc- or ring-oil
lubrication using hydrocarbon oil in accordance with bearing
manufacturer’s recommendations.

29.2 Aatifriction bearings may be either static oil, circulat-
ing oil, oil mist, or grease lubricated, depending on the appli-
cation. In order to select the proper lubrication method the
vendor shall perform a thermal analysis of the bearings taking
into account the heat conducted by the shaft in hot gas applica-
tions and the maximum specified ambient temperature. The
lubrication method will be reviewed and approved by the pur-
chaser. The requirements 0f 2.9.2.1 through 2.9.2.3 shall apply.

29.21 For static oil or grease lubrication the calculated
maximum bearing housing temperature shall not exceed
80°C (180°F).

29.2.2 Grease lubricated bearings shall not exceed the
bearing supplier’s published maximum allowable speed for
grease lubrication.

29.2.3 The vendor shall provide in the service manual a
lubricant specification, a recommended re-lubrication interval
and a recommended clean and repack interval for the specific
application.

2.9.3 The fan bearing oil may be supplied from a pressure
or circulating oil lubrication system when required by a gear
and/or driver. The purchaser will specify the supplier of the
complete lubrication system.

29.4 Where oil is supplied from a common system to two
or more machines (such as a fan, a gear, and a motor), the
oil’s characteristics will be specified on the data sheets by the
purchaser on the basis of mutual agreement with all vendors
supplying equipment served by the common oil system.

29.5 As a minimum, pressure lubrication systems other
than those described in API 614 shall consist of an oil pump
with a suction strainer, a supply and return system, an oil
cooler (when required), a full-flow filter, a low lube-oil pres-
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sure shutdown switch, and other necessary instruments. The
requirements specified in 2.9.5.1 through 2.9.5.9 shall apply.

29.5.1 Oil-containing pressure components shall be steel.

29.5.2 A main oil pump driven by the shaft shall be pro-
vided unless another source of pressurized oil is provided.

29.5.3 Oil retumn lines shall be sized to run no more than
half full and arranged to ensure good drainage (recognizing
the possibility of foaming conditions). Horizontal runs shall
slope continuously, 40 mm per m (1/2 in. per ft) minimum,
toward the reservoir. Laterals (not more than one in any trans-
verse plane) should, if possible, enter drain headers at 45°
angle in the direction of the flow.

2954 A separately driven, automatically controlled
standby pump will be specified by the purchaser for equip-
ment that will operate at idling speeds or will require rapid
starting,

2.9.5.5 Standby pumps that are enclosed in a reservoir may
have cast iron cases.

29.5.6 An oil cooler shall be provided to maintain the oil
supply temperature at or below 50°C (120°F). The cooler
shall be of a water-cooled, shell-and-tube type or of a suitable
air-cooled type, as specified. Shell-and-tube coolers shall
have water on the tube side. A removable-bundle design is
required for coolers with more than 0.45 m? (5 ft2) of surface,
unless otherwise specified. Removable-bundle coolers shall
be in accordance with TEMA Class C and shall be con-
structed with a removable channel cover. Tubes shall not have
an outside diameter of less than 15 mm (°/8 in.), and the tube
wall shall not have a thickness of less than 18 BWG
(1.25 mm [0.050 in.]). Unless otherwise specified, cooler
shells, channels, and covers shall be of steel; tube sheets shall
be of brass; and tubes shall be of inhibited admiralty.

U-bend tubes are not permitted. To prevent the oil from
being contaminated if the cooler fails, the oil-side operating
pressure shall be higher than the water-side operating pres-
sure. The cooler shall be equipped with vent and drain con-
nections on the oil and water-sides. The vendor shall include
in the proposal complete details of any proposed air-cooled
cooler. Internal oil coolers are not acceptable. A three-port,
flanged, steel oil temperature control valve with a manual
override or bypass shall be provided in the oil circuit to main-
tain a constant oil temperature to the equipment.

29.5.7 A full-flow filter with replaceable elements and fil-
tration of 25 microns nominal or finer shall be supplied. Fil-
tration of 10 microns nominal or finer shall be supplied for
aluminum or micro-babbitted hydrodynamic bearings. The
filter shall be located downstream of the cooler. For turbine-
driven centrifugal oil pumps, the filter case and head shall be
suitable for operation at the maximum discharge pressure at
the driver’s trip speed. For positive displacement pumps, the
filter case and head shall be suitable for operation at a pres-
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sure not less than the relief valve setting. Filters that have
covers weighing more than 15 kg (35 1b.) shall have cover
lifters. Filters shall not be equipped with a relief valve or an
automatic bypass. Filter cartridge materials shall be corrosion
resistant. Metal-mesh or sintered-metal filter elements are not
acceptable. Flow shall be from the outside toward the center
of the filter cartridge. When the filter design requires car-
tridges stacked two or more high, a center post and a cap for
the top cartridge shall be used to secure the cartridges to the
bottom of the filter housing. If the cartridge-to-cartridge joint
is not self-aligning, a collar shall be used between the stacked
cartridges to ensure alignment. The pressure drop for clean
filter elements shall not exceed 15% of the total allowable
dirty pressure drop, or 0.30 bar (5 psi) at an operating tempet-
ature of 40°C (100°F) and normal flow. Cartridges shall have
a minimum collapsing differential pressure of 5.0 bar (70
psi). The filter shall be equipped with a valved vent and clean-
side and dirty-side valved drain connections. The dirty-side
connections shall be located lower in the housing than the fil-
ter element or cartridge support base. Where a specific filter
element is desired, the purchaser will specify the make and
model number of the element.

Note: Micron particle size implies the shape of a spherical bead;
thus, a 10-micron particle is a sphere with a diameter of 10 microns.
Within the element’s recommended maximum pressure drop,
10 microns nominal implies that the efficiency of the filter on parti-
cles that are 10 microns or larger in diameter will be no less than
90% for the life of the element. Absolute micron particle ratings are
different. A micron-absolute filter rating implies that no particles of
the rating size or larger will pass; for example, a filter rating may be
10 microns nominal and 15 microns absolute.

@ 2.9.5.8 When specified, a removable steam-heating ele-

ment external to the oil reservoir or a thermostatically con-
trolled electric immersion heater with a sheath of AISI
Standard Type 300 stainless steel shall be provided for heat-
ing the charge capacity of oil before start-up in cold weather.
The heating device shall have sufficient capacity to heat the
oil in the reservoir from the specified minimum site ambient
temperature to the manufacturer’s required start-up tempera-
ture within 12 hours. If an electric immersion heater is used,
the watt density shall not exceed 2.0 watts/cm? (15 watts/
in.2).

2.9.5.9 When an external reservoir is supplied, it shall be

made of austenitic stainless steel with the following charac-
teristics and appendages:

a. The capacity to avoid frequent refilling, to provide ade-
quate allowance for system rundown, and to provide a
retention time of at least 3 minutes to settle moisture and for-
eign matter adequately.

b. Provisions to eliminate air and to minimize flotation of
foreign matter to the pump suction.

c. Fill connections, an armored gauge glass, a level indicator,
and breathers suitable for outdoor use.
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d. Sloped bottoms and connections for complete drainage.
e. Cleanout openings as large as is practical.

® 2.9.6 When specified, pressurized oil systems shall con-

form to the requirements of API 614.

29.7 Oil flinger discs or oil rings shall have an operating
submergence of 3.0 — 6.0 mm (/8 — 1/4 in.) above the lower
edge of a flinger or above the lower edge of the bore of an oil
ring. Oil flingers shall have mounting hubs to maintain con-
centricity and shall be positively secured to the shaft.

29.8 The vendor shall state in the operating manual the
amount of and the specifications for the lubricating oil
required.

2.9.9 Where specified for ring or disc lubricated bearings,
thermostatically controlled heating devices shall be provided
in the bearing housings. The heating devices shall have suffi-
cient capacity to heat the oil in the bearing housing from the
specified minimum site ambient temperature to the vendor’s
minimum required temperature in 4 hours. Refer to 2.9.5.8
for heat density limitations.

2.9.10 Damper and inlet guide vane linkages, shaft fittings,
and bearings preferably will be permanently lubricated. Com-
ponents requiring periodic lubrication shall be furnished with
lubrication fittings that are accessible while the fan is in oper-
ation, or shall have suitable extension lines to permit access
during operation.

2.10 MATERIALS
2.10.1 General

2.10.1.1 Materials of construction shall be the manufac-
turer’s standard for the specified operating conditions, except
as required or prohibited by the data sheets or this standard
(see 3.5 for requirements for auxiliary piping materials). The
metallurgy of all major components shall be clearly stated in
the vendor’s proposal. The corrosion allowance of carbon
steel plate shall be 3 mm (1/8 in.).

2.10.1.2 Materials shall be identified in the proposal with
their applicable ASTM, AISI, ASME, or SAE numbers,
including the material grade. When no such designation is
available, the vendor’s material specification, giving physical
properties, chemical composition, and test requirements shall
be included in the proposal.

2.10.1.3 The vendor shall specify the ASTM optional tests
and inspection procedures that may be necessary to ensure
that materials are satisfactory for the service. Such tests and
inspections shall be listed in the proposal. The purchaser may
consider specifying additional tests and inspections, espe-
cially for materials used in critical components.

2.10.1.4 External parts that are subject to rotary or sliding
motions (such as control linkage joints and adjusting mecha-
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nisms) shall be of corrosion-resistant materials suitable for
the site environment.

210.1.5 Minor parts that are not identified (such as nuts,
springs, washers, gaskets, and keys) shall have corrosion
resistance at least equal to that of specified parts in the same
environment.

2.10.1.6 The purchaser will specify any corrosive agents
present in the motive and process fluids and in the environ-
ment, including constituents that may cause stress corrosion
cracking.

210.1.7 If parts exposed to conditions that promote inter-
granular corrosion are to be fabricated, hard faced, overlaid,
or repaired by welding, they shall be made of low-carbon or
stabilized grades of austenitic stainless steel.

Note: Overlays or hard surfaces that contain more than 0.10% car-
bon can sensitize both low-carbon and stabilized grades of austenitic
stainless steel unless a buffer layer that is not sensitive to intergranu-
lar corrosion is applied.

2.10.1.8 Where mating parts such as studs and nuts of
AISI Standard Type 300 stainless steel or materials with sim-
ilar galling tendencies are used, they shall be lubricated with
an anti-seize compound of the proper temperature specifica-
tion and compatible with the specified gas. It is preferable to
use materials that do not have similar galling tendencies.

Note: Torque loading values will differ considerably with and with-
out an anti-seize compound.

210.1.9 Materials exposed to a sour environment, (wet
H;S), as defined by NACE MR-0175 shall be in accordance
with the requirements of the standard. Ferrous materials not
covered by NACE MR-0175 shall be limited to a yield
strength not exceeding 6200 bar (90,000 psi) and a hardness
not exceeding Rockwell C22.

Note: It is the responsibility of the purchaser to determine the
amount of H,S that may be present. Considering normal operation,
start-up, shutdown, idle standby, upsets, or unusual operating condi-
tions such as catalyst regeneration.

In many applications small amounts of H,S are sufficient
to require NACE materials. When there are trace quantities of
H,S known to be present or if there is any uncertainty about
the amount of H,S that may be present, the purchaser should
automatically note on the data sheets that NACE materials are
required. Components that are fabricated by welding shall be
stress relieved, if required, so that both the welds and the
heat-affected zones meet the yield strength and hardness
requirements. The purchaser will specify the presence of such
agents in the media.

210.1.10 When dissimilar materials with significantly dif-
ferent electrical potentials are placed in contact in the pres-
ence of an electrolytic solution, galvanic couples that can
result in serious corrosion of the less noble material may be
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created. If such conditions exist, the purchaser and the vendor
should select materials in accordance with the NACE Corro-
sion Engineer’s Reference Book.

2.10.1.11 Materials and casting factors shall be equal to
those required by Section VIII, Division 1 of the ASME
Code. The manufacturer’s data report forms, as specified in
the code, are not required.

2.10.1.12 The use of ASTM A 515 steel is prohibited.
Low-carbon steels can be notch sensitive and susceptible to
brittle fracture at ambient or low temperatures.

2.10.2 Castings

2.10.2.1 Castings shall be sound and free from porosity,
hot tears, shrink holes, blow holes, cracks, scale, blisters, and
similar injurious defects. Surfaces of castings shall be cleaned
by sand or shot blasting, chemical cleaning, or any other stan-
dard method. Mold-parting fins and remains of gates and ris-
ers shall be chipped, filed, or ground flush.

2.10.2.2 Ferrous castings shall not be repaired by welding,
peening, plugging, burning in, or impregnating, except as
specified in 2.10.2.2.1 and 2.10.2.2.2.

2.10.2.21 Weldable grades of steel castings may be weld
repaired, using a qualified welding procedure specified in
2.10.3.1.

2.10.2.2.2 Cast gray or nodular iron may be repaired by
plugging within the limits specified in ASTM A 278, A 395,
or A 536. The holes drilled for plugs shall be carefully exam-
ined, using liquid penetrant, to ensure that all defective mate-
rial has been removed. All repairs that are not covered by
ASTM gpecifications shall be subject to the purchaser’s
approval.

210.2.3 Fully enclosed cored voids, including voids
closed by plugging, are prohibited.

2.10.2.4 Nodular iron castings shall be produced in accor-
dance with ASTM A 395.

2.10.3 Welding

2.10.3.1 All welding, including weld repairs, shall be per-
formed by welders, welder operators and procedures quali-
fied in accordance with the specifications of American
Welding Society (AWS) D1.1 for housings and structural
components and AWS D14.6 for rotating components.

2.10.3.2 The vendor shall be responsible for the review of
all repairs and repair welds to ensure that they are properly
heat treated and nondestructively examined for soundness
and compliance with AWS D14.6 Section 7 (also, see
2.10.1.9).
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2.10.3.3 Repair of welding defects shall be performed in
accordance with AWS D14.6 Section 8.

2.10.3.4 All butt welds on rotating elements shall be con-
tinuous, full strength, and full penetration welds.

2.10.3.5 Accessible surfaces of fan wheel welds shall be
inspected by magnetic particle or liquid penetrant examina-
tion after back chipping,

2.10.4 ImpactTest Requirements

2.10.4.1 To avoid brittle fracture during operation, main-
tenance, transportation, erection, and testing, good design
practice shall be followed in the selection of fabrication
methods, welding procedures, and materials for vendor fur-
nished steel pressure retaining parts and rotating elements
that may be subject to a temperature below the ductile-brit-
tle transition point.

Note: The published design-allowable stresses for many materials in
the ASME Code and ANSI Standards are based on minimum tensile
properties. The ASME Code and ANSI Standards do not differenti-
ate between rimmed, semi-killed, fully killed, hot-rolled, and nor-
malized material, nor do they take into account whether materials
were produced under fine- or course-grain practices. The vendor
shall exercise caution in the selection of materials intended for ser-
vices between —30°C (—20°F) and 40°C (100°F).

2.10.4.2 All pressure containing components including
nozzles, flanges, weldments, and rotating elements shall be
impact tested in accordance with the requirements of Section
VIII, Division 1, Sections UCS-65 through 68, of the ASME
Code. High-alloy steels shall be tested in accordance with
Section VIII, Division 1, Section UHA-51, of the ASME
Code.

Impact testing is not required if the requirements of Sec-
tion VIII, Division 1, Section UG-20f, of the ASME Code are
met. Nominal thickness for castings as defined in Section
VIII, Division 1, Paragraph UCS-66 (2), of the ASME Code
shall exclude structural support sections such as feet or lifting
lugs.

The results of the impact testing shall meet the minimum
impact energy requirements of Section VIII, Division 1, Sec-
tion UG-84, of the ASME Code.

@ 2.10.4.3 The purchaser will specify the minimum design

metal temperature used to establish impact test requirements.

Note: Normally this will be the lower of the minimum surrounding
ambient temperature or minimum process gas temperature; however,
the purchaser may specify a minimum metal temperature based on
gas properties such as auto-refrigeration at reduced pressures.

2.11 NAMEPLATES AND ROTATION ARROWS

2111 A nameplate shall be securely attached at a readily
visible location on the equipment and on any other major
piece of auxiliary equipment.
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2.11.2 Rotation arrows shall be cast in or attached to each
major item of rotating equipment at a readily visible location.
Nameplates and rotation arrows (if attached) shall be of AISI
Standard Type 300 stainless steel or of nickel-copper alloy
(Monel or equivalent). Attachment pins shall be of the same
material. Welding is not permitted.

2.11.3 The rated conditions and other data below, as a min-
imum, shall be clearly stamped on the nameplate. The con-
tract or data sheets shall specify SI, U.S. Customary or other
units.

. Vendor.

. Model number.

. Serial number.

Size.

. Type.

. Purchaser’s equipment item number (may be listed on
separate nameplate if space is insufficient).

7. Volume, inlet, in m3/h (ft3/min.).

8. Static pressure differential, in mm H,O (in. H,O).

9. Temperature, inlet, in degrees C (F).

10. Speed, rated, in revolutions per minute.

11. Speed, maximum allowable (at maximum allowable
temperature), in revolutions per minute.

12. First critical speed, in revolutions per minute.

13. Power, rated in kW (bhp.)

14. WK2,

15. Rotor weight, in kg (Ib.).

SN U AW

3 Accessories
3.1 DRIVERS

® 3.1.1 The type of driver will be specified. The driver shall
be sized to meet the maximum specified operating conditions,
including external gear and/or coupling losses, and shall be in
accordance with applicable specifications, as stated in the
inquiry and order. The driver shall operate under the utility
and site conditions specified by the purchaser.

3.1.2 Anticipated process variations that may affect the siz-
ing of the driver (such as changes in the pressure, tempera-
ture, or properties of the fluid handled, as well as special plant
start-up conditions) will be specified.

Note: Consideration should be given to sizing forced draft fan motor
drivers for undampered fan performance at minimum ambient tem-
perature. Induced draft fan driver considerations include possible
variations in operating temperature and gas density from start-up
through normal operation.

3.1.3 The starting conditions for the driven equipment will
be specified, and the starting method shall be mutually agreed
upon by the purchaser and the vendor. Driver starting torque
capabilities shall exceed the speed torque requirements of the

3.1.4 Motor drives shall conform to API 541 or 546 as
applicable. Motors that are below the power scope of 541 or
546 shall be in accordance with IEEE 841. Equipment driven
by induction motors shall be rated at the actual motor speed
available for the rated load specified. Motor drives shall have
power ratings, including service factor (if any) at least equal
to the percentages of power at fan rated conditions given in
Table 4. The power at rated conditions shall not exceed motor
nameplate without SF. Where it appears this will lead to
uneconomical oversizing of the drive, an alternative proposal
shall be submitted for the purchaser’s approval. The motor
nameplate rating (exclusive of the service factor) shall be at
least 110% of the maximum power required (including appli-
cable gear, belt, and coupling losses) for any of the specified
operating conditions.

3.1.5 The purchaser will specify the type of motor and its
characteristics and accessories, including the following:

a. Electrical characteristics.

b. Starting conditions (including the expected voltage drop
on starting).

The type of enclosure.

The sound pressure level.

The area classification, based on API 500.

The type of insulation.

The required service factor.

The ambient temperature and elevation above sea level.
Transmission losses.

Temperature detectors, vibration sensors, and heaters, if
required.

k. Auxiliaries (such as motor-generator sets, ventilation
blowers, and instrumentation).

. Vibration acceptance criteria.

m. Applicability of API 541 or IEEE 841.

PR e Ao

3.1.6 The motor’s starting-torque requirements shall be
met at a specified reduced voltage and the motor shall accel-
erate to full speed within a period of time agreed upon by the
purchaser and the vendor.

Note: For most applications, the starting voltage is typically 80% of
the normal voltage, and the time required to accelerate to full speed
is generally less than 30 seconds.

3.1.7 Steam turbine drivers shall conform to API 611.
Steam turbine drivers shall be sized to deliver continuously
110% of maximum power required for the purchaser’s speci-
fied conditions while operating at a corresponding speed with
the specified steam conditions.

3.1.8 Gas turbine drivers shall conform to API 616 and
shall be sized as mutually agreed upon by the purchaser and
the vendor.

® 3.1.9 Gears shall conform to API 677. Epicyclic gears may

driven equipment. be used with purchaser’s approval.
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Table 4—Power Ratings for Motor Drives

Motor Nameplate Rating

Percent of Rated Fan
Horsepower Kilowatts Power
<25 <185 125
30-75 22-55 115
=100 >75 110

3.1.10 Drivers that weigh more than 250 kg (500 1b.) shall
be provided with vertical jackscrews in the mounting feet or
at each corner.

3.2 COUPLINGS AND GUARDS

® 3.21 Unless otherwise specified, flexible couplings and

guards between drivers and driven equipment shall be sup-
plied by the fan vendor. The coupling make, type, and mount-
ing arrangement shall be agreed upon by the driver and driven
equipment vendors, and the purchaser.

Note: Dual drives may require overrunning clutches which must also
be mutually agreed between purchaser, and fan vendor with appro-
priate driver vendor input for “standby” lockout devices, overhang-
ing load, etc.

3.2.2 Couplings will have the following characteristics:

a. Hubs shall be steel and keyed in place with keys, keyways
and fits conforming to AGMA 9002. Where servicing of the
shaft seal requires removal of the hub, the hub shall be
mounted with a taper fit and furnished with tapped puller
holes at least 10 mm (3/8 in.) in diameter.

b. Spacer of sufficient length to permit removal of coupling,
bearings, and shaft seals; and rotor, without disturbing the
driver(s) or suction and discharge ductwork.

c. Flexible disc types shall have discs of corrosion resistant
material.

3.2.3 Information on shafts, keyway dimensions (if any),
and shaft end movements resulting from end play and/or ther-
mal effects shall be furnished to the vendor supplying the
coupling.

3.3 BELT DRIVES

3.3.1 Belt drives shall only be used for equipment of
150 kW (200 BHP) or less; and, unless otherwise specified,
shall employ banded multi-V belts. If more than one banded
multi-V belt is required, the vendor shall furnish matched belt
lengths. All belts shall be oil resistant (that is, they shall have
a core of Neoprene or an equivalent material) and shall be of
the static-conducting type. The drive service factor shall not
be less than 1.75 times the driver nameplate power rating,

3.3.2 The vendor shall provide a positive belt-tensioning
device on all drives. This device shall incorporate a lateral
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adjustable base with guides and hold-down bolts, two belt-
tensioning screws, and locking bolts.

3.3.3 The fan vendor shall inform the driver manufacturer
when a belt drive is to be used. The driver manufacturer shall
be provided with the belt drive’s radial-load. These loads
shall be included for bearing selection purposes. Antifriction
bearings in the drive systems shall be selected to give a mini-
mum Lyq rating life of 75000 hours in continuous operation
at fan rated conditions.

3.3.4 Belt drives shall meet the requirements of 3.3.4.1
through 3.3.4.7.

3.3.41 The distance between the centers of the sheaves
shall not be less than 1.5 times the diameter of the large
sheave.

3.3.4.2 The belt wrap (contact) angle on the small sheave
shall not be less than 140 degrees.

3.3.4.3 The shaft length on which the sheave hub is fitted
shall be greater than or equal to the width of the sheave hub.

3.3.4.4 The length of a shaft key used to mount a sheave
shall not be less than the length of the sheave bore.

3.3.4.5 The sheave shall be mounted on a tapered adapter
bushing.

3.3.4.6 To reduce bearing moment loading (belt tension),
the sheave overhang distance from the sheave-to-shaft bear-
ing shall be minimized.

3.3.4.7 Sheaves shall meet the balance requirements of
ANSI 82.19, Grade 6.3.

3.4 MOUNTING PLATES

3.41 General

® 3.4.1.1 The equipment shall be furnished with soleplates or

baseplates, as specified on the data sheets.

3.41.2 In34.1.2.1 through 3.4.1.2.11, the term mounting
plate refers to both baseplates and soleplates.

3.4.1.2.1 The mounting surfaces of fan bearing pedestals
and mounting plates shall be machined flat and parallel after
fabrication. The maximum surface roughness shall be 3 um
(125 pin.) Ra.

3.4.1.2.2 All machinery mounting surfaces on mounting
plates shall extend at least 25 mm (1 in.) beyond the outer
three sides of the equipment feet. All mounts shall be in
the same plane within 50 um (0.002 in.) to prevent a soft
foot. (See Appendix B Base mounting pad arrangement.)

3.4.1.2.3 Mounting plate(s) which support equipment
weighing more than 225 kg (500 1b.) shall be furnished with
axial and lateral jackscrews the same size or larger than the
mounting foot vertical jackscrews. The lugs holding these
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jackscrews shall be attached to the mounting plates so the
lugs do not interfere with the removal or installation of the
equipment, jackscrews, or shims. If the equipment is too
heavy to use jackscrews for alignment, other means shall be
provided.

3.4.1.2.4 When epoxy grout is specified, the vendor shall
commercially sandblast, in accordance with SSPC SP6, all
the grouting surfaces of the base or mounting plates and shall
precoat these surfaces with a catalyzed epoxy primer. The
epoxy primer shall be compatible with the installer’s epoxy
grout. The vendor shall submit to the purchaser instructions
for field preparation of the epoxy primer.

Note: Epoxy primers have a limited life after application. The grout
manufacturer should be consulted to ensure proper field preparation
of the mounting plate for satisfactory bonding of the grout.

3.4.1.2.5 Anchor bolts shall not be used to fasten machin-
ery to the mounting plates.

3.4.1.2.6 Mounting plates shall not be drilled for equip-
ment to be mounted by others. Mounting plates shall be sup-
plied with leveling screws. Mounting plates that are to be
grouted shall have 50-mm-radiused (2-in.-radiused) outside
comers (in the plan view). Mounting surfaces that are not to
be grouted shall be coated with a rust preventive material
immediately after machining.

3.4.1.2.7 The vendor of the mounting plates shall fur-
nish stainless steel (AISI Standard Type 300) shim packs
3 mm to 15 mm (!/8in. — 1/2 in.) thick between the equip-
ment feet and the mounting plates. All shim packs shall
straddle the hold-down bolts and vertical jackscrews; and
be at least 5 mm (!/4 in.) larger on all sides than the foot-
print of the equipment.

3.4.1.2.8 Anchor bolts will be furnished by the purchaser.

3.4.1.2.9 Fasteners for attaching the components to the
mounting plates, and jackscrews for leveling the pedestal
soleplates, shall be supplied by the vendor.

3.4.1.2.10 When specified, the base of the bearing pedes-
tals shall be drilled with pilot holes for use in final dowelling

3.4.2 Baseplate

3.4.21 When a baseplate (subbase in AMCA terminology)
is specified, the purchaser will indicate the major equipment
to be mounted on it. A baseplate shall be a single fabricated
steel unit, unless the purchaser and the vendor mutually agree
that it may be fabricated in multiple sections. Multiple-sec-
tion baseplates shall have machined and doweled mating sur-
faces to ensure accurate field reassembly.

3.4.2.2 Unless otherwise specified, the baseplate shall
extend under the drivetrain components so that any leakage
from these components is contained within the baseplate.
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3.4.2.3 When specified, the baseplate shall be suitable for
column mounting (that is, of sufficient rigidity to be sup-
ported at specified points) without continuous grouting under
structural members. The baseplate design shall be mutually
agreed upon by the purchaser and the vendor.

3.4.2.4 The baseplate shall be provided with lifting lugs for
a minimum four-point lift. Lifting the baseplate complete with
all equipment mounted shall not permanently distort or other-
wise damage the baseplate or the machinery mounted on it.

3.4.2.5 The bottom of the baseplate between structural
members shall be open. When the baseplate is installed on a
concrete foundation, it shall be provided with at least one
grout hole having a clear area of at least 0.01 m? (20 in.2) and
no dimension less than 75 mm (3 in.) in each bulkhead sec-
tion. These holes shall be located to permit grouting under all
load-carrying structural members. Where practical, the holes
shall be accessible for grouting with the equipment installed.
The holes shall have 15 mm (!/2 in.) raised-lip edges. If
located in an area where liquids could impinge on the exposed
grout, metallic covers with a minimum thickness of 16 gauge
shall be provided. Vent holes at least 15 mm (!/2 in.) in size
shall be provided at the highest point in each bulkhead section
of the baseplate.

3.4.2.6 Unless otherwise specified, nonskid metal decking
covering all walk and work areas shall be provided on the top
of the baseplate.

3.4.2.7 The baseplate mounting pads shall be machined
after the baseplate is fabricated.

3.5 CONTROLS AND INSTRUMENTATION
3.5.1 General

3.5.1.1 Unless otherwise specified, instrumentation and
installation shall conform to the requirements of API 614.

3.5.1.2 Controls and instrumentation shall meet require-
ments for installation in the environment and area class indi-
cated on the data sheets.

3.5.1.3 When vibration or bearing temperature instrumen-
tation is specified, it shall be furnished and installed in accor-
dance with API 670.

3.5.2 Control Systems

3.5.21 The fan control parameter may be inlet pressure,
discharge pressure, flow, or some combination thereof. This
may be accomplished by suction throttling (by a damper or
variable inlet guide vanes), or discharge blowoff (when a con-
stant speed drive is used). Variable fan speed may also be
used. The control system may be mechanical, pneumatic,
hydraulic, electrical, or any combination thereof. The system
may be manual or it may be automatic with a manual over-
ride. The purchaser will specify the source of the control sig-
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nal, its sensitivity and range, and the equipment to be
furnished by the vendor.

3.5.2.2 For constant speed drives, the control signal shall
actuate an operator that positions an inlet and/or outlet
damper or adjustable inlet guide vanes. (Also called radial
inlet damper, variable inlet vanes, vortex dampers.)

3.5.2.3 For variable speed drives, the control signal shall
act to adjust the set point of the driver’s speed control system.
Unless otherwise specified, the control and operating speed
range shall be from the maximum continuous speed to 95%
of the minimum speed required for any specified operating
case or 70% of maximum continuous speed, whichever is
lower.

3.5.2.4 The full range of the specified control signal will
correspond to the required operating range of the driven
equipment. Unless otherwise specified, the maximum control
signal shall correspond to the maximum continuous speed or
the maximum flow.

3.5.2.5 Facilities shall be provided to automatically open
or close (as specified) the dampers/guide vanes on loss of
control signal and to automatically lock or brake the dampers
or vanes in last position on loss of motive force (air supply,
electric power, etc.).

Note: This is a specific system consideration and the associated con-
trols should be arranged to avoid creating hazardous or other unde-
sirable conditions.

3.5.2.6 The fan vendor shall furnish and locate the opera-
tors, actuator linkages, and operating shafts for remote con-
trol of the dampers/guide vanes. Operator output shall be
adequate for the complete range of damper or guide vane
positions. The proposed location of operators, linkages, and
shafts shall be reviewed with the purchaser for consideration
of maintenance access and safety.

3.5.2.7 External position indicators shall be provided for
all dampers/inlet guide vanes.

3.5.3 Dampers or Inlet Guide Vanes

3.5.3.1 Frames for inlet dampers (unless integral with the
inlet box) and outlet dampers shall be flanged and drilled air
tight steel, using tight fitting bolting to connect the fan or duct
work. Dampers shall be of either the parallel or opposed blade
type, as appropriate to the specified control requirements.
Damper blades shall be supported continuously by the shafts
and not extend beyond the frame in the full open position.
Stub shafts are not allowed. Damper shafts shall be sealed or
packed to limit leakage (except for atmospheric air fan inlets).

3.5.3.2 When specified, the vendor shall state the maxi-
mum expected leakage through closed damper/vanes at pur-
chaser’s specified operating temperature and pressute.
Leakage shall be stated with the fan operating.
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3.5.3.3 The damper/vane mechanisms shall be intercon-
nected to a single operator. The operating mechanism shall be
designed so the dampers/vanes can be manually secured in
any position.

3.5.3.4 Inlet variable guide vane operating mechanisms
shall be located outside the flowing gas stream. The mecha-
nism shall be readily accessible for inplace inspection and
maintenance, and be of bolted attachment construction to per-
mit removal if necessary. Provision shall be furnished for
lubrication of the mechanism during operation.

3.5.3.5 Inlet dampers/vanes shall be continuously welded
to the spindle or intermittently welded on the backside of the
blade with full slot welds along the full length of the front
side.

3.6 PIPING
3.6.1 General

3.6.1.1 Auxiliary system piping design and joint fabrica-
tion, examination, and inspection shall be in accordance with
ASME B31.3.

3.6.1.2 Auxiliary systems are defined as piping systems
that are in the following services:

a. Group I
Sealing fluid.
Buffer gas.
Fuel gas or oil.
Drains and vents.
. Starting gas.
b. Group II:
Sealing steam.
Steam injection.
Water injection.
Starting air.
Instruments and control air.
. Drains and vents.
¢. Group III:

1. Cooling water.

2. Liquid wash.

3. Drains and vents.
d. Group IV:

1. Lubricating oil.

2. Control oil.

3. Drains and vents.

Auxiliary systems shall comply with the requirements of

Table 5.

N

R

@ 3.6.1.3 The vendor shall furnish all piping systems, includ-

ing mounted appurtenances, located within the confines of
the main unit’s base area, any oil console base area, or any
auxiliary base area. The piping shall terminate with flanged
connections at the edge of the base. When soleplates are spec-
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ified for the equipment train, the extent of the piping system
at the equipment train shall be defined by the purchaser. The
purchaser will furnish only interconnecting piping between
equipment groupings and offbase facilities.

3.6.1.4 The design of piping systems shall achieve the fol-
lowing;

a. Proper support and protection to prevent damage from
vibration or from shipment, operation, and maintenance.

b. Proper flexibility and normal accessibility for operation,
maintenance, and thorough cleaning.

c. Installation in a neat and orderly arrangement adapted to
the contour of the machine without obstructing access
openings.

d. Elimination of air pockets by the use of valved vents or
nonaccumulating piping arrangements.

e. Complete drainage through low points without disassem-
bly of piping.

3.6.1.5 Piping systems shall include piping, isolating
valves, control valves, relief valves, pressure reducers, ori-
fices, temperature gauges and thermowells, pressure gauges,
sight flow indicators, and all related vents and drains.

3.6.1.6 Piping shall preferably be fabricated by bending
and welding to minimize the use of flanges and fittings.
Welded flanges are permitted only at equipment connections,
at the edge of any base, and for ease of maintenance. The use
of flanges at other points is permitted only with the pur-
chaser’s specific approval. Other than tees and reducers,
welded fittings are permitted only to facilitate pipe layout in
congested areas. Threaded connections shall be held to a min-
imum. Pipe bushings shall not be used.

3.6.1.7 Pipe threads shall be taper threads in accordance
with ASME B1.20.1 Alternately, pipe threads in accordance
- with 228 Part 1 are acceptable when required for compliance
- with local standards. Flanges shall be in accordance with ISO
7005 (ASME B16.5). Slipon flanges are permitted only with
the purchaser’s specific approval. For socket-welded con-
struction, a 1.5 mm (!/16 in.) gap shall be left between the
pipe end and the bottom of the socket.

3.6.1.8 Connections, piping, valves, and fittings that are
30 mm (11/4 in.), 65 mm (2/2 in.), 90 mm (3!/2 in.), 125 mm
(5 in.), 175 mm (7 in.), or 225 mm (9 in.) in size shall not be
used.

3.6.1.9 Where space does not permit the use of NPS /2,
3/a, or 1 pipe, seamless tubing may be furnished in accor-
dance with Table 5.
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3.6.1.10 The minimum size of any connection shall be
NPS /2.

3.6.1.11 Piping systems furnished by the vendor shall be
fabricated, installed in the shop, and properly supported. Bolt
holes for flanged connections shall straddle lines parallel to
the main horizontal or vertical centerline of the equipment.

3.6.1.12 Welding shall be performed by operators and
procedures qualified in accordance with Section IX of the
ASME Code.

3.6.1.13 Pipe plugs shall be in accordance with 2.3.5.

3.6.2 Oil Piping

3.6.2.1 Oil drains shall be sized to run no more than one-
half full when flowing at a velocity of 0.3 m/sec (1 ft/sec) and
shall be arranged to ensure good drainage (recognizing the
possibility of foaming conditions). Drains shall slope contin-
uously, at least 40 mm per m (1/2 in. per ft) horizontal run,
toward the reservoir. If possible, laterals (not more than one in
any transverse plane) should enter drain headers at 45-degree
angles in the direction of the flow.

3.6.2.2 Nonconsumable backup rings and sleeve-type
joints shall not be used. Pressure piping downstream of oil fil-
ters shall be free from internal obstructions that could accu-
mulate dirt. Socket-welded fittings shall not be used in
pressure piping downstream of oil filters. (See Table 5.)

3.6.2.3 Unless otherwise specified, oil-supply piping and
tubing, including fittings (excluding slip-on flanges), shall be
stainless steel. (See Table 5.)

3.6.2.4 Provision shall be made for bypassing the bearings
(and seals if applicable) of equipment during oil system flush-
ing operations.

3.6.3 Process/Instrument Piping

3.6.3.1 The extent of, and requirements for, process pip-
ing to be supplied by the vendor will be specified by the
purchaser.

3.6.3.2 Connections on equipment and piping for pressure
instruments and test points shall conform to 3.6.1.3. Beyond
the initial 3/4-in. isolating valve, NPS /2 piping valves and
fittings may be used. Where convenient, a common connec-
tion may be used for remotely mounted instruments that mea-
sure the same pressure. Separate secondary !/2-in. isolating
valves are required for each instrument on a common connec-
tion. Where a pressure gauge is to be used for testing pressure
alarm or shutdown switches, common connections are
required for the pressure gauge and switches.
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Table 5—Minimum Piping Materials

Group I, Auxiliary Process Fluids Group II, Steam Group III, Cooling Water Group IV, Lubricating and Control Oil
System Nonflammable/ Flammable/Toxic | < 75 psig > 75 psig Stnadard Optional <NPS1 >NPS 112
Nontoxic (ENPS 1)
Pipe Seamless? Seamless? Seamless? Seamless? Seamless? ASTM A 53 Type | ASTM A 312, ASTM A 312,
F Schedule 40, Type 304 or 316  Type 304 or 316
Galvanized to Stainless Steel® Stainless Steel®
ASTM A 153
Tubing ASTM A 269 ASTM A 269 ASTM A 269 ASTM A 269 ASTM A 269 ASTM A 269 ASTM A 269 —
Seamless Type Seamless Type Seamless Type Seamless Type Seamless Type Seamless Type Seamless Type
316 Stainless 316 Stainless 304 or 316 304 or 316 304 or 316 304 or 316 304 or 316
Steel® Steel® StainlessSteel® Stainless Steel® Stainless Steel® Stainless Steel® Stainless Steel®
All Valves Class 800 Class 800 Carbon Steel, Carbon Steel, Bronze, Bronze, Carbon Steel, Carbon Steel,
Class 800 Class 800 Class 200 Class 200 Class 800 Class 800
Gate and Globe Bolted Bonnet Bolted Bonnet Bolted Bonnet Bolted Bonnet — — Bolted Bonnet Bolted Bonnet
Valves and Gland and Gland and Gland and Gland and Gland and Gland
Pipe Fittings and | Forged Forged Forged Forged ASTM A 338 and ASTM A 338 and | Stainless Steel Stainless Steel
Unions Class 3000 Class 3000 Class 3000 Class 3000 A 197,Class 150 A 197, Class 150
Malleable Iron, Malleable Iron,
Galvanized to Galvanized to
ASTM A 153 ASTM A 153
Tube Fittings Manufacturer’s Manufacturer’s Manufacturer’s Manufacturer’s Manufacturer’s — Manufacturer’s —
Standard (With Standard (With Standard (With Standard (With Standard (With Standard (with
Purchaser’s Purchaser’s Purchaser’s Purchaser’s Purchaser’s purchaser’s
Approval) Approval) Approval) Approval) Approval) approval)
Fabricated Joints <| Threaded Socket Welded Threaded Socket Welded Threaded — — Carbon Steel
12 in. Slip-on Flange
Fabricated Joints > — — — — Purchaser to Purchaser to — Carbon Steel
2 in. Specify Specify Slip-on Flange
Gaskets Type 304 0r316  Type304or316 | Type304or316  Type304or316 — — — Type 304 or 316
Stainless Steel, Stainless Steel, Stainless Steel, sTainless Steel, Stainless Steel,
Spiral Wound Spiral Wound Spiral Wound Spiral Wound Spiral Wound
Flange Bolting ASTM A 193, ASTM A 193, ASTM A 193, ASTM A 193, — — — ASTM A 193,
Grade B7 Grade B7 Grade B7 Grade B7 Grade B7
ASTM A 194, ASTM A 194, ASTM A 194, ASTM A 194, ASTM A 194,
Grade 2H Grade 2H Grade 2H Grade 2H Grade 2H
Notes:

Carbon steel piping shall conform to ASTM A 106, Grade B; ASTM A 524; or API Specification 5L, Grade A or B
to ASTM A 105 and A 181. Stainless steel piping shall conform to ASTM A 312.

aSchedule 80 for diameters from 1/2 in. to 11/2 in.; Schedule 40 for diameters 2 in. and larger.
bSchedule 40 for a diameter of 11/2 in.; Schedule 10 for diameters 2 in. and larger.

. Carbon steel fittings, valves and flanged components shall conform

9C
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cl/2-in. diameter X 0.065-in. wall, 3/4-in. diameter X 0.095-in. wall, or 1-in. diameter x 0.109-in.wall.
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3.7 INLETTRASH SCREENS

@ 3.7.1 When specified, the vendor shall furnish inlet trash

screen(s) for forced draft fans to prevent entry of debris. The
screen shall be fabricated from 3.5 mm (0.135 in.) minimum
diameter wire, with a mesh of 15 mm (!/2 in.) maximum
opening. The screen shall be supported by cross members. All
construction material shall be galvanized steel or other corro-
sion resistant metal as specified by the purchaser. When spec-
ified, the vendor shall furnish rain hood(s). Rain hood
material shall be specified by the purchaser.

3.8 SILENCERS

3.8.1 When specified, fan inlet or exhaust silencers shall be
provided and include the features in 3.8.2. The differential
pressure through each silencer shall not exceed 25.4 mm
(1.0 in.) water at rated conditions.

3.8.2 Full details of the proposed silencer(s) shall be sub-
mitted with the proposal for purchaser’s approval. Silencers
shall be designed to prevent damage to any components
resulting from acoustic or mechanical resonances. Carbon
steel construction shall be 5 mm (3/16 in.) minimum thick-
ness plate. Corrosion allowance or alternative materials may
be specified by the purchaser. Main connections shall be
flanged.

3.9 INSULATION AND JACKETING

3.9.1 When specified, the vendor shall weld clips or studs
on the outside surface of fan housings and their inlet box(es)
and discharge connections to permit field installation of insu-
lation by the purchaser (for thermal conservation, noise
abatement, personnel protection, or to maintain the enclosure
temperature above the gas dew point). The clips or studs shall
allow for the installation of insulation having a thickness of
50 mm (2 in.) or greater.

3.9.2 The vendor shall include in the proposal the recom-
mended insulation material and thickness where the above
specified minimum is not sufficient for personnel protection/
sound attenuation.

3.9.3 The insulation/jacketing shall extend over all portions
of the fan housing, inlet box(es), and discharge connections
that may reach normal operating temperature of 75°C
(165°F) or higher. Insulation shall not interfere with damper/
vanes or other operating mechanisms. When specified, this
material will be provided by the fan vendor.

3.9.4 Insulation/jackets shall maintain a surface tempera-
ture of 75°C (165°F) or less under normal operation. They
shall be designed to minimize damage during removal or
replacement.
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3.10 TURNING GEAR

@ 3.10.1 When specified, or recommended by the vendor, a

turning gear shall be provided.

3.10.2 The device shall be manually or automatically
engaged and shall automatically disengage when the fan is
placed into service.

3.10.3 The turning gear will be driven as specified (steam,
hydraulic, electric, or pneumatic). Provision to start from rest
will be agreed between purchaser and vendor.

3.11 INSTRUMENT AND CONTROL PANELS

3.11.1  When specified, a panel shall be provided and shall
include all panel-mounted instruments for the driven equip-
ment and the driver. Such panels shall be designed and fabri-
cated in accordance with the purchaser’s description. The
purchaser will specify whether the panel is to be freestanding,
located on the base of the unit, or in another location. The
instruments on the panel shall be clearly visible to the opera-
tor from the driver control point. A lamp test push button shall
be provided. The instruments to be mounted on the panel will
be specified on the data sheets.

3.11.2 Panels shall be completely assembled, requiring
only connection to the purchaser’s external piping and wiring
circuits. When more than one wiring point is required on a
unit for control or instrumentation, the wiring to each switch
or instrument shall be provided from a single terminal box
with terminal posts mounted on the unit (or its base, if any).
Wiring shall be installed in metal conduits or enclosures. All
leads and posts on terminal strips, switches, and instruments
shall be tagged for identification.

4 Inspection, Testing, and Preparation for
Shipment

4.1 GENERAL

4.1.1 After advance notification by the vendor to the pur- -
chaser, the purchaser’s representative shall have entry to all
vendor and subvendor plants where manufacturing, testing, or
inspection of the equipment is in progress.

4.1.2 The vendor shall provide sufficient advance notice to
the purchaser before conducting any inspection or test that the
purchaser has specified to be witnessed or observed.

4.1.3 The vendor shall notify subvendors of the purchaser’s
inspection and testing requirements.

4.1.4 The purchaser will specify the extent of participation
in the inspection and testing and the amount of advance noti-
fication required.
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4.1.41 When shop inspection and testing have been spec-
ified by the purchaser, the purchaser and the vendor shall
meet to coordinate manufacturing hold points and inspec-
tors’ visits.

4.1.4.2 Witnessed means that a hold shall be applied to the
production schedule and the inspection or test shall be carried
out with the purchaser or his representative in attendance. For
mechanical running or performance tests, this requires writ-
ten notification of a successful preliminary test.

4.1.4.3 Observed means that the purchaser shall be notified
of the timing of the inspection or test; however, the inspection
or test shall be performed as scheduled, and if the purchaser
or his representative is not present, the vendor shall proceed
to the next step.

41.5 Equipment for the specified inspections and tests
shall be provided by the vendor.

4.1.6 The purchaser’s representative shall have access to
the vendor’s quality program for review.

4.2 INSPECTION
421 General

4,211 The vendor shall keep the following data available
for at least 20 years for examination or reproduction by the
purchaser or his representative upon request:

a. Necessary certification of materials, such as mill test
reports.

b. Test data to verify that the requirements of the specifica-
tion have been met.

¢. Results of documented tests and inspections, including
fully identified records of all heat treatment and radiography.
d. When specified, final assembly, maintenance and running
clearances with runouts.

4.2.1.2 Pressure-containing parts shall not be painted until
the specified inspection of the parts is completed.

4.2.1.3 In addition to the requirements of 2.10.1.2, the pur-
chaser may specify the following:

a. Parts that shall be subjected to surface and subsurface
examination.

b. The type of examination required, such as magnetic parti-
cle, liquid penetrant, radiographic, and ultrasonic examination.

4.2.2 Material Inspection

4.2.21 General

When radiographic, ultrasonic, magnetic particle, or liquid
penetrant inspection of welds or materials is required or spec-
ified, the criteria in 4.2.2.2 through 4.2.2.5 shall apply unless
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other criteria are specified by the purchaser. Cast iron may be
inspected in accordance with 4.2.2.4 and 4.2.2.5. Welds, cast
steel, and wrought materials may be inspected in accordance
with 4.2.2.2 through 4.2.2.5.

Note: User may want to review the severity of fan service in order to
determine the necessity of specifying level of material inspections.

4.2.2.2 Radiography

4.2.2.21 Radiography shall be in accordance with ASTM
E 94 and ASTM E 142.

4.2.2.2.2 The acceptance standard used for welded fabrica-
tions shall be Section VIII, Division 1, UW-51 (100%) UW-
52 (spot), of the ASME Code. The acceptance standard used
for castings shall be Section VIII, Division 1, Appendix 7, of
the ASME Code.

4.2.2.3 Ultrasonic Inspection

4.2.2.3.1 Ultrasonic inspection shall be in accordance with
Section V, Article 5 and 23, of the ASME Code.

4.2.2.3.2 The acceptance standard used for welded fabrica-
tions shall be Section VIII, Division 1, Appendix 12, of the
ASME Code. The acceptance standard used for castings shall
be Section VIII, Division 1, Appendix 7, of the ASME Code.

4.2.2.4 Magnetic Particle Inspection

4.2.2.41 Both wet and dry methods of magnetic particle
inspection shall be in accordance with ASTM E 709.

4.2.2.4.2 The acceptance standard used for welded fabri-
cations shall be Section VIII, Division 1, Appendix 6, and
Section V, Article 25, of the ASME Code. The acceptability
of defects in castings shall be based on a comparison with
the photographs in ASTM E 125. For each type of defect,
the degree of severity shall not exceed the limits specified in
Table 6.

4.2.2.5 Liquid Penetrant Inspection

4.2.2.51 Liquid penetrant inspection shall be in accor-
dance with Section V, Article 6, of the ASME Code.

4.2.2.5.2 The acceptance standard used for welded fabrica-
tions shall be Section VIII, Division 1, Appendix 8 and Sec-
tion V, Article 24, of the ASME Code. The acceptance
standard used for castings shall be Section VIII, Division 1,
Appendix 7, of the ASME Code.

Note: Regardless of the generalized limits in 4.2.2, it shall be the ven-
dor’s responsibility to review the design limits of the equipment in
the event that more stringent requirements are necessary. Defects that
exceed the limits imposed in 4.2.2 shall be removed to meet the qual-
ity standards cited, as determined by the inspection method specified.
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4.2.3 Mechanical Inspection

@ 4.2.3.1 Centrifugal fans shall be shop assembled prior to

- shipment. When specified, drivers (if provided) and other aux-
‘iliaries shall be included in the shop assembly. If disassembly
is required for shipment, all mating parts shall be suitably
match-marked and tagged for field assembly. All equipment
shall be furnished completely assembled to the maximum
extent possible limited only by the requirements of shipping.

4.2.3.2 During assembly of the equipment and before test-
ing, each component (including cast-in passages of these
components) and all piping and appurtenances shall be
cleaned chemically or by another appropriate method to
remove foreign materials, corrosion products, and mill scale.

4.2.3.3 Circulating oil systems furnished shall meet the
cleanliness requirements of 4.2.3.3.1 and 4.2.3.3.2.

4.2.3.3.1 After 1 hour of oil circulation at the design flow
rate and a temperature of 150°F — 160°F (66°C — 71°C) or
lower, as component design dictates, screens placed at all dis-
charge terminations from the console or the packages and at
other strategic points mutually agreed upon by the purchaser
and the vendor shall be within the particle count limits listed
in Table 7. The screen mesh shall be No. 100 plain-weave,
stainless steel wire with a diameter of 0.004 in. (0.1 mm) and
a 0.0059-in. (0.15-mm) opening. The particles’ greatest
dimension shall not exceed 0.010 in. (0.25 mm), and the parti-
cles shall be randomly distributed on the screen. Piping, cool-
ers, and valves shall be hammered frequently during the test.

4.2.3.3.2 To further verify cleanliness, the system shall be
visually inspected at two to six points selected by the inspec-
tor. The system shall be considered clean when such foreign
matter as scale, rust, metal shavings, and sand are not visible
to the eye and grittiness is not detectable to the touch

4.2.3.4 When specified, the purchaser may inspect for
cleanliness of the equipment and all piping and appurtenances
furnished by or through the vendor before final assembly.

4.2.3.5 When specified, the hardness of parts, welds, and
heat-affected zones shall be verified as being within the
allowable values by testing of the parts, welds, or heat
affected zones. The method, extent, documentation, and wit-
nessing of the testing shall be mutually agreed upon by the
purchaser and the vendor.

4.3 TESTING
4.31 General

4,311 Equipment shall be tested in accordance with 4.3.2
and 4.3.3. Other tests that may be specified by the purchaser
are described in 4.3.4.

4.3.1.2 At least 6 weeks before the first scheduled running
test, the vendor shall submit to the purchaser, for his review
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Table 6—Maximum Severity of Defects in Castings

Type Defect Severity Level
I Linear discontinuities 1
II Shrinkage 2
il Inclusions 2
v Chills and chaplets 1

Table 7—Maximum Number of Particles

Nominal
Pipe Size Schedule Schedule  Schedule Double
(in.) 40 or Less 80 160 Extra-strong
<1 6 5 4 —
1-1Y2 15 10 10 5
2 20 20 15 10
3 45 40 35 25
4 80 70 60 50
6 180 160 130 115

and comment, detailed procedures for the mechanical run-
ning test and all specified running optional tests, including
acceptance criteria for all monitored parameters.

4.3.1.3 The vendor shall notify the purchaser not less than
5 working days before the date the equipment will be ready
for testing.

4.31.4 Acceptance of shop tests does not constitute a
waiver of requirements to meet field performance under spec-
ified operating conditions, nor does inspection relieve the
vendor’s responsibilities.

4.3.2 Hydrostatic Test

4.3.21 Pressure-containing parts other than fan housing,
but including auxiliaries, shall be tested hydrostatically with
liquid at a minimum of 11/2 times the maximum allowable
working pressure but not less than gauge pressure of 1.5 bar
(20 psig). The test liquid shall be at a higher temperature
than the nilductility transition temperature of the material
being tested.

4.3.2.2 Where applicable, tests shall be in accordance with
the ASME Code. In the event that a discrepancy exists
between the code test pressure and the test pressure in this
standard, the higher pressure shall govern.

4.3.2.3 The chloride content of liquids used to test austen-
itic stainless steel materials shall not exceed 50 parts per mil-
lion. To prevent deposition of chlorides as a result of
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evaporative drying, all residual liquid shall be removed from
tested parts at the conclusion of the test.

4.3.2.4 Tests shall be maintained for a sufficient period of
time to permit complete examination of parts under pressure.
The hydrostatic test shall be considered satisfactory when
neither leaks nor seepage through the casing or casing joint is
observed for a minimum of 30 minutes. Large, heavy castings
may require a longer testing period to be agreed upon by the
purchaser and the vendor.

4.3.3 Mechanical Tests

4.3.3.1 Mechanical tests shall include the following:

a. The fan shall be operated from 0 — 115% of rated speed for
VARIABLE SPEED drives and at 100% of rated speed for
CONSTANT SPEED drives. Operation shall be for an unin-
terrupted period of at least two hours, after all measurements
have stabilized, to check bearing performance and vibration.
b. All warning, protective and control devices used during
the test shall be checked, and adjustments shall be made as
required.

¢. During the mechanical running test, the mechanical opera-
tion of all equipment being tested and the operation of the test
instrumentation shall be satisfactory. The measured vibration
shall not exceed the limits of 2.7.4.7 and shall be recorded
throughout the operating speed range.

d.  Hydrodynamic bearings shall be removed, inspected and,
when applicable, reassembled after the mechanical running
test is completed. See 4.2.3.1 for further details.

Note: Some fan manufacturers do not have the capability to perform
shop mechanical run tests except on the smaller units.

4.3.3.2 Bearings used in oil mist lubrication systems shall
be prelubricated.

4.3.3.3 All oil pressures, viscosities, and temperatures
shall be within the range of operating values recommended in
the vendor’s operating instructions for the specific unit being
tested. For pressure lubrication systems, oil flow rates for
each bearing housing shall be measured.

4.3.4 Optional Tests
4.3.4.1 Performance Tests

4.3.41.1 When specified, a performance test shall be run.
The details and extent of the shop or field test shall be devel-
oped jointly by the purchaser and the vendor.

Note: Typical testing procedures are contained in AMCA Standards
210-99 and 802-92 for shop testing and AMCA Publications 203-90
and 803-96 for field testing.

4.3.4.1.2 The fan performance shall meet all operating con-
ditions specified on the data sheet and shall be within the toler-
ances listed in items 1 and 2 at the rated operating conditions.
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1. For variable-speed fans, the static pressure and capac-
ity shall be met at fan rated point and the horsepower at
this point shall not exceed 104% of the specified value.
Where changes in speeds are needed to meet static pres-
sure rise requirements, the vendor shall adjust operating
range.

2. For constant-speed fans, the specified capacity shall be
met with the understanding that the static pressure rise
shall be within plus five percent and negative zero percent
of that specified; the horsepower shall not exceed 104% of
the specified value.

4.3.4.2 Complete-unit Test

@ 4.3.4.2.1 When specified, such components as fans, gears,

drivers, and auxiliaries that make up a complete unit shall be
tested together during the mechanical running tests. When
specified, torsional vibration measurements shall be made to
verify the vendor’s analysis. The complete-unit test shall be
performed in place of or in addition to separate tests of indi-
vidual components specified by the purchaser.

4.3.4.3 Pressure Test

4.3.43.1 The casing (with or without end seals installed)
shall be pressurized with air to the MAWP and held at this
pressure for a minimum of 30 minutes, and subjected to a
soap-bubble test or another approved test to check for gas
leaks. The test shall be considered satisfactory when no cas-
ing or casing joint leaks are observed.

4.3.4.4 Sound Level Test

4.3.44.1 When specified, a sound level test shall be per-
formed in accordance with ISO 3740, 3744, and 3746. The
purchaser and supplier shall mutually agree on the criteria to
be used for the test.

4.4 PREPARATION FOR SHIPMENT

4.41 Equipment shall be suitably prepared for the type of
shipment specified, including blocking of the rotor when nec-
essary. Blocked rotors shall be identified by means of corro-
sion-resistant tags attached with stainless steel wire. The
preparation shall make the equipment suitable for 6 months
of outdoor storage from the time of shipment, with no disas-
sembly required before operation, except for inspection of
bearings and seals. If storage for a longer period is contem-
plated, the purchaser will consult with the vendor regarding
the recommended procedures to be followed.

442 The vendor shall provide the purchaser with the
instructions necessary to preserve the integrity of the storage
preparation after the equipment arrives at the job site and
prior to start-up.
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4.4.3 The equipment shall be prepared for shipment after
all testing and inspection have been completed and the equip-
ment has been released by the purchaser. The preparation
shall include that specified in 4.4.3.1 through 4.4.3.11.

4.4.3.1 Exterior surfaces, except for machined surfaces,
shall be given at least one coat of the manufacturer’s standard
paint. The paint shall not contain lead or chromates.

4.4.3.2 Exterior machined surfaces except for corrosive
resistant material shall be coated with a suitable rust pre-
ventive.

4.4.3.3 The interior of the equipment shall be clean; free
from scale, welding spatter, and foreign objects; and sprayed
or flushed with a suitable rust preventive that can be removed
with solvent. As an alternative, purchaser may specify a per-
manent suitable coating,

4.4.3.4 Internal steel areas of bearing housings and carbon
steel oil systems’ auxiliary equipment such as reservoirs, ves-
sels, and piping shall be coated with a suitable oil-soluble rust
preventive.

4.4.3.5 Flanged openings for auxiliary piping connections
shall be provided with metal closures at least 5 mm (3/16 in.)
thick, with elastomer gaskets and at least four full-diameter
bolts. For studded openings, all nuts needed for the intended
service shall be used to secure closures. Each opening shall
be car sealed so that the protective cover cannot be removed
without the seal being broken.

4.4.3.6 Threaded openings shall be provided with steel
caps or round head steel plugs. In no case shall nonmetallic
(such as plastic) plugs or caps be used.

Note: These are shipping plugs. Permanent plugs are covered in
2.3.5.

4.4.3.7 Inlet and discharge duct connections on fans
shipped assembled shall be provided with wood or metal cov-
ers to prevent entrance of foreign materials and damage to the
duct connection. The vendor’s proposal shall state how duct
connections are to be protected.

4.4.3.8 Lifting points and lifting lugs shall be clearly iden-
tified on the equipment or equipment package. The recom-
mended lifting arrangement shall be identified on boxed
equipment.

4.4.3.9 The equipment shall be identified with item and
serial numbers. Material shipped separately shall be identified
with securely affixed, corrosion-resistant metal tags indicat-
ing the item and serial number of the equipment for which it
is intended. In addition, crated equipment shall be shipped
with duplicate packing lists, one inside and one on the outside
of the shipping container.

4.4.3.10 When a spare rotor is purchased, the rotor shall be
prepared for unheated indoor storage for a period of at least 3
years. The rotor shall be treated with a rust preventive and
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shall be housed in a vapor-barrier envelope with a slow-
release volatile-corrosion inhibitor. The rotor shall be crated
for domestic or export shipment, as specified. A resilient
material 3.0 mm (1/8 in.) thick (not tetrafluoroethylene [TFE]
or polytetrafiuoroethylene [PTFE]) shall be used between the
rotor and the cradle at the support areas. The rotor shall not be
supported at journals. Vendor’s proposal shall advise the
material to be used.

4.4.3.11 Exposed shafts and shaft couplings shall be
wrapped with waterproof, moldable waxed cloth or vapor
phase volatile-corrosion inhibitor paper. The seams shall be
sealed with oilproof adhesive tape.

444 Auxiliary piping connections furnished on the pur-
chased equipment shall be impression stamped or permanently
tagged to agree with the vendor’s connection table or general -
arrangement drawing. Service and connection designations -
shall be indicated. Connections on auxiliary piping removed :
for shipment shall be match marked for ease of reassembly.

4.4.5 One copy of the manufacturer’s standard installation
instructions shall be packed and shipped with the equipment.

5 Vendor Data
5.1 GENERAL

5.1.1 The information to be furmished by the vendor is
specified in 5.2 and 5.3. Purchaser shall complete Vendor
Drawing and Data Requirements form (see Appendix F)
clearly showing all information and drawings required for
both proposals and contract data. Purchaser shall include any
optional requirements that may be specific to this equipment.
The vendor shall complete and forward the Vendor Drawing
and Data Requirements form (see Appendix F) with his pro-
posal. This form shall detail the schedule for transmission of
drawings, curves, and data as agreed to at the time of the
order, as well as the number and type of copies required by
the purchaser.

5.1.2 The data shall be identified on transmittal (cover) let-
ters and in title blocks or title pages with the following infor-
mation:

. The purchaser/user’s corporate name.

. The job/project number.

. The equipment item number and service name.

d. The inquiry or purchase order number.

e. Any other identification specified in the inquiry or pur-
chase order.

f. The vendor’s identifying proposal number, shop order
number, serial number, or other reference required to identify
return correspondence completely.

o o

5.1.3 When specified, a coordination meeting shall be held,
preferably at the vendor’s plant, within 4 — 6 weeks after the
purchase commitment. Unless otherwise specified, the ven-
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dor shall prepare and distribute an agenda prior to this meet-
ing, which, as a minimum, shall include review of the
following items:

a. The purchase order, scope of supply, unit responsibility,

and subvendor items.

b. The data sheets.

c. Applicable specifications and previously agreed upon

exceptions.

. Schedules for transmittal of data, production, and testing.

. The quality assurance program and procedures.
Inspection, expediting, and testing.

. Schematics and bills of material for auxiliary systems.

. The physical orientation of the equipment, piping, and

auxiliary systems.

i. Coupling selections.

j. Thrust-bearing sizing and estimated loadings.

k. The rotor dynamics analysis.

. Other technical items.

5o o o

5.2 PROPOSALS
5.2.1 General

The vendor shall forward the original proposal and the
specified number of copies to the addressee specified in the
inquiry documents. As a minimum, the proposal shall include
the data specified in 5.2.2 through 5.2.4, as well as a specific
statement that the system and all its components are in strict
accordance with this standard. If the system and components
are not in strict accordance, the vendor shall include a list that
details and explains each deviation. The vendor shall provide
details to enable the purchaser to evaluate any proposed alter-
native designs. All correspondence shall be clearly identified
in accordance with 5.1.2.

5.2.2. Drawings

5.2.2.1 The drawings indicated on the Vendor Drawing and
Data Requirements Form (see Appendix F) shall be included
in the proposal. As a minimum, the following data shall be
furnished:

a. A general arrangement or outline drawing for each major
skid or system, showing overall dimensions, maintenance
clearance dimensions, overall weights, erection weights, and
maximum maintenance weights (indicated for each piece).
The direction of rotation and the size and location of major
purchaser connections shall also be indicated.

b. Cross-sectional drawings showing the details of the pro-
posed equipment.

c. Schematics of all auxiliary systems, including lube-oil,
control, and electrical systems. Bills of material shall be
included.

d. Sketches that show methods of lifting the assembled
machine or machines and major components. (This informa-
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tion may be included on the drawings specified in item a
above.)

5.2.2.2 If typical drawings, schematics, and bills of mate-
rial are used, they shall be marked up to show the correct
weight and dimension data and to reflect the actual equipment
and scope proposed.

5.2.3 Technical Data
The following data shall be included in the proposal:

a. The purchaser’s data sheets, with complete vendor’s infor-
mation entered thereon and literature to fully describe details
of the offering.

b. The purchaser’s noise data sheet.

¢. The Vendor Drawing and Data Requirements Form (see
Appendix F), indicating the schedule according to which the
vendor agrees to transmit all the data specified as part of the
contract.

d. A schedule for shipment of the equipment, in weeks after
receipt of the order.

e. A list of major wearing components, showing interchange-
ability with the purchaser’s other units.

f. A list of spare parts recommended for start-up and normal
maintenance purposes.

g. A list of the special tools furnished for maintenance. The
vendor shall identify any metric items included in the
offering.

h. A statement of any special weather protection and winter-
ization required for start-up, operation, and periods of
idleness under the site conditions specified on the data sheets.
The list shall show the protection to be furnished by the pur-
chaser, as well as that included in the vendor’s scope of
supply.

i. A complete tabulation of utility requirements, such as
those for steam, water, electricity, air, gas, and lube oil,
including the quantity of lube oil required and the supply
pressure, the heat load to be removed by the oil, and the
nameplate power rating and operating power requirements of
auxiliary drivers. (Approximate data shall be defined and
clearly identified as such.)

j- A description of the tests and inspection procedures for
materials, as required by 2.10.1.3.

k. A description of any special requirements specified in the
purchaser’s inquiry and as outlined in 2.9.2.3, 2.9.5.6,
2.10.1.1,2.10.1.2, 3.5.6.3, and 4.4.3.7.

L. A list of similar machines installed and operating under
conditions analogous to those specified in the proposal.

m. Any start-up, shutdown, or operating restrictions required
to protect the integrity of the equipment.

n. For constant speed units, the vendor shall outline the pro-
cedure that can be followed to reduce power consumption, in
the event that excess pressure or flow is developed.
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5.2.4 Curves

5.2.4.1 The vendor shall provide complete performance
curves to encompass the map of operation, with any limita-
tions indicated thereon. Any special inlet or outlet duct design
required to meet performance shall be fully described.

5.2.4.2 The vendor shall provide sufficient fan perfor-
mance data to enable the purchaser to properly design a con-
trol system for start-up and for all specified operating
conditions. When requested by the purchaser, the vendor shall
review the purchaser’s overall fan control system for compat-
ibility with vendor-furnished control equipment.

5.2.5 Options

The vendor shall furnish a list of the procedures for any
special or optional tests that have been specified by the pur-
chaser or proposed by the vendor.

5.3 CONTRACT DATA
5.3.1 General

5.3.1.1 The contract data to be furnished by the vendor is
specified in Appendix F. Each drawing, bill of material, and
data sheet shall have a title block in its lower right-hand cor-
ner that shows the date of certification, a reference to all iden-
tification data specified in 5.1.2, the revision number and
date, and the title.

5.3.1.2 The purchaser will promptly review the vendor’s
data when received; however, this review shall not constitute
permission to deviate from any requirements in the order
unless specifically agreed upon in writing. After the data has
been reviewed, the vendor shall furnish certified copies in the
quantity specified.

5.3.1.3 A complete list of vendor data shall be included
with the first issue of the major drawings. This list shall con-
tain titles, drawing numbers, and a schedule for transmission
of all the data the vendor will furnish (see Appendix F).

5.3.2 Drawings

5.3.2.1 The drawings furnished shall contain sufficient
information so that with the drawings and the manuals speci-
fied in 5.3.6, the purchaser can properly install, operate, and
maintain the ordered equipment. Drawings shall be clearly
legible, shall be identified in accordance with 5.3.1.1, and
shall be in accordance with ANSI Y14.2M. As a minimum,
each drawing shall include the details for that drawing listed
in Appendix F.

5.3.3 Technical Data

The data shall be submitted in accordance with Appendix F
and identified in accordance with 5.3.1.1. Any comments on

the drawings or revisions of specifications which necessitate a
change in the data shall be noted by the vendor. These nota-
tions will result in the purchaser’s issue of completed, cor-
rected data sheets as part of the order specifications.

5.3.4 Progress Reports

The vendor shall submit progress reports to the purchaser
at the intervals specified on the Vendor Drawing and Data
Requirements Form (see Appendix F).

5.3.5 Parts Lists and Recommended Spares

5.3.5.1 The vendor shall submit complete parts lists for all
equipment and accessories supplied. The lists shall include
manufacturer’s unique part numbers, materials of construc-
tion, and delivery times. Materials shall be identified as speci-
fied in 2.10.1.2. Each part shall be completely identified and
shown on cross-sectional or assembly-type drawings so that
the purchaser may determine the interchangeability of the
part with other equipment. Parts that have been modified
from standard dimensions and/or finish to satisfy specific per-
formance requirements shall be uniquely identified by part
number for interchangeability and future duplication pur-
poses. Standard purchased items shall be identified by the
original manufacturer’s name and part number.

5.3.5.2 The vendor shall indicate on the above parts lists
which parts are recommended spares for start-up and which
parts are recommended for normal maintenance (see item f of
5.2.3). The vendor shall forward the lists to the purchaser
promptly after receipt of the reviewed drawings and in time to
permit order and delivery of the parts before field start-up.
The transmittal letter shall be identified with the data speci-
fiedin 5.1.2.

5.3.6 Installation, Operation, Maintenance, and
Technical Data Manuals

5.3.6.1 General

The vendor shall provide sufficient written instructions and
a list of all drawings to enable the purchaser to correctly
install, operate, and maintain all of the equipment ordered.
This information shall be compiled in a manual or manuals
with a cover sheet that contains all reference-identifying data
specified in 5.1.2, an index sheet that contains section titles,
and a complete list of referenced and enclosed drawings by
title and drawing number. The manual shall be prepared for
the specified installation; a typical manual is not acceptable.

5.3.6.2 Installation Manual

Any special information required for proper installation
design that is not on the drawings shall be compiled in a man-
ual that is separate from the operating and maintenance
instructions. This manual shall be forwarded when it is mutu-
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ally agreed upon in the order but not later than the final issue
of prints. The manual shall contain information such as spe-
cial alignment and grouting procedures, utility specifications
(including quantities), and all other installation design data,
including the drawings and data specified in 5.2.2 and 5.2.3.
The manual shall also include sketches that show the location
of the center of gravity and rigging provisions to permit the
removal of the top half of the casings, rotors, and any subas-
semblies that weigh more than 135 kg (300 1b.).

5.3.6.3 Operating and Maintenance Manual

The manual containing operating and maintenance data
shall be forwarded no more than 2 weeks after all of the spec-
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ified tests have been successfully completed. This manual
shall include a section that provides special instructions for
operation at specified extreme environmental conditions, such
as temperatures. As a minimum, the manual shall also include
all of the data listed in Appendix F.

5.3.6.4 Technical Data Manual

When specified, the vendor shall provide the purchaser
with a technical data manual within 30 days of completion of
shop testing (see Appendix F for detailed requirements).
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APPENDIX A—LATERAL ANALYSIS FOR SPECIAL PURPOSE FANS

A1 The vendor shall provide a damped unbalanced
response analysis for each machine to ensure acceptable
amplitudes of vibration at any speed from zero to trip.

A.2 The damped unbalanced response analysis shall
include, but shall not be limited to, the following consider-
ations:

a. Support (base, frame, and bearing-housing) stiffness, mass
and damping characteristics, including effects of rotational
speed variation. The vendor shall state the assumed support
system values and the basis for these values (for example,
tests of identical rotor support systems, assumed values)

b. Bearing lubrication-film stiffness and damping changes
due to speed, load, preload, oil temperature, accumulated
assembly tolerances, and maximum to minimum clearances.
c. Rotational speed, including the various starting-speed
detents, operating speed and load ranges (including agreed-
upon test conditions if different from those specified, trip
speed, and coast-down conditions).

d. Rotor masses, including the mass moment of coupling
halves, stiffness, and damping effects (for example, accumu-
lated fit tolerances, fluid stiffening and damping, and frame
and casing effects).

e. Asymmetrical loading (for example, partial arc emission,
gear forces, side streams, and eccentric clearances).

f. The influence, over the operating range, of the calculated
values for hydrodynamic stiffness and damping generated by
the casing end seals.

A.3 When specified, the effects of other equipment in the
train shall be included in the damped unbalanced response
analysis (that is, a train lateral analysis shall be performed).

Note: This analysis should be considered for machinery trains with
coupling spacers greater than 1 m (36 in.), rigid couplings, or both.

A.4 As a minimum, the damped unbalanced response anal-
ysis shall include the following:

a. A plot and identification of the mode shape at each reso-
nant speed (critically damped or not) from zero to trip, as well
as the next mode occurring above trip speed.

b. Frequency, phase, and response amplitude data (Bode
plots) at the vibration probe locations through the range of
each critical speed, using the arrangement of unbalance in
Equation 2 for the particular mode. This unbalance shall be
sufficient to raise the displacement of the rotor at the probe
locations to the vibration limit defined by Equation 1:

In ST units

L, = 254 [12000 (1)
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In U.S. Customary units,

12,000
L,= [—— 1
- M
where
L, = vibration limit (amplitude of unfiltered vibra-
tion), in um (mils) peak to peak,
N = operating speed nearest the critical of concern,

in revolutions per minute.

This balance shall be no less than two times the unbalance
defined by Equation 2:

In ST units
Upax = 6350 W/N )
In U.S. Customary units,
Umax =4 W/N )
where

U = input unbalance from the rotor dynamic
response analysis in gram-mm (0z.-in.),

W = journal static weight load, in kg (Ib.); or for
bending modes where the maximum deflection
occurs at the shaft ends, the overhung weight
load (that is, the weight outboard of the bear-
ing), in kg (1b.),

N = operating speed nearest the critical of concern,

in revolutions per minute.

The unbalance weight or weights shall be placed at the
locations that have been analytically determined to affect the
particular mode most adversely. For translatory modes, the
unbalance shall be based on both journal static weights and
shall be applied at the locations of maximum displacement.
For conical modes, each unbalance shall be based on the jour-
nal weight and shall be applied at the location of maximum
displacement of the mode nearest the journal used for the
unbalance calculation, 180 degrees out of phase.
¢. Modal diagrams for each response in A4, item b, shall
indicate the phase and major-axis amplitude at each coupling
engagement plane, the centerlines of the bearings, the loca-
tions of the vibration probes, and each seal area throughout
the machine. The minimum design diameter running clear-
ance of the seals shall be indicated.
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d. To establish the validity of the analytical model, a verifica-
tion test of the rotor unbalance is required at the completion
of the mechanical running test. Therefore, additional plots
based on the actual unbalance to be used during the test shall
be provided. For machines that meet the requirements of A.5,
item b, the location of the test unbalance shall be determined
by the vendor. The amount of unbalance shall be sufficient to
raise the vibration levels, as measured at the vibration probes,
to those specified in A4, item b. In all cases, the unbalance
plots shall include the effects of any test-stand conditions
(including the effects of test seals) that may be used during
the verification test of the rotor unbalance.

e. Unless otherwise specified, a stiffness map shall be pro-
vided of the undamped rotor response from which the
damped unbalanced response analysis was derived. This plot
shall show frequency versus support system stiffness, with
the calculated support system stiffness curves superimposed.
f. For machines whose bearing support system stiffness val-
ues are less than or equal to 3.5 times the bearing stiffness
values, use either the calculated frequency-dependent support
stiffness and damping values (impedances) or the values
derived from modal testing. The results of the damped unbal-
anced response analysis shall include Bode plots that
compare absolute shaft motion with shaft motion relative to
the bearing housing.

A.5 The damped unbalance response analysis shall indicate
that the machine in the unbalanced condition described in
A4, item b, will meet the following acceptance criteria (see
Figure A-1):

a. If the amplification factor is less than 2.5, the response is
considered critically damped and no separation is required.

b. If the amplification factor is 2.5 — 3.55, a separation mar-
gin of 15% above the maximum continuous speed and 5%
below the minimum operating speed is required.

c. If the amplification factor is greater than 3.55 and the criti-
cal response peak is below the minimum operating speed, the
required separation margin (a percentage of minimum speed)
is equal to the following:

6

SM = 100— 84 +
AF- 3

€)

where
SM = separation margin,
AF = amplification factor.

d. If the amplification factor is greater than 3.55 and the criti-
cal response peak is above the trip speed, the required

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

separation (a percentage of the maximum continuous speed)
is equal to the following:

6
AF -3

SM = 126 -

—-100 “4)

where

SM

separation margin,
AF = amplification factor.

A.6 The calculated unbalanced peak-to-peak rotor ampli-
tudes (see A.4, item b) at any speed from zero to trip shall not
exceed 75% of the minimum design diametral running clear-
ances throughout the machine (with the exception of floating-
ring seal locations).

A.7 If| after the purchaser and vendor have agreed that all
practical design efforts have been exhausted, the analysis
indicates that the separation margins still cannot be met or
that a critical response peak falls within the operating speed
range, acceptable amplitudes shall be mutually agreed upon
by the purchaser and the vendor, subject to the requirements
of A.6.

A.8 Shop Verification Of Unbalanced
Response Analysis

A.8.1 A demonstration of rotor response at future unbal-
anced conditions is necessary because a well-balanced rotor
may not be representative of future operating conditions (see
A.4.d). This test shall be performed as part of the mechanical
running test and the results shall be used to verify the analyti-
cal model. Unless otherwise specified, the verification test of
the rotor unbalance shall be performed only on the first rotor
(normally the spare rotor if two rotors are purchased). The
actual response of the rotor on the test stand to the same
unbalance weights as was used to develop the Bode plots
specified in A.4 shall be the criterion for determining the
validity of the damped unbalanced response analysis. To
accomplish this, the following procedure shall be followed:

a. During the mechanical running test, the amplitudes and
phase angle of the indicated vibration at the speed nearest the
critical or criticals of concern shall be determined.

b. A trial weight, not more than one-half the amount calcu-
lated in A4, item b; shall be added to the rotor at the location
specified in A4, item d; 90 degrees away from the phase of
the indicated vibration at the speed or speeds closest to the
critical or criticals of concern.

c. The machine shall then be brought up to the operating
speed nearest the critical of concern, and the indicated vibra-
tion amplitudes and phase shall be measured. The results of
this test and the corresponding indicated vibration data from
A.8.1, item a, shall be vectorially added to determine the
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Figure A-1—Rotor Response Plot

magnitude and phase location of the final test weight required
to produce the required test vibration amplitudes.

d. The final test weight described in A.8.1, item ¢, shall be
added to the rotor and the machine brought up to the operat-
ing speed nearest the critical of concern. When more than one
critical of concern exists, additional test runs shall be run for
each, using the highest speed for the initial test run.

Note: The dynamic response of the machine on the test stand will be
a function of the agreed upon test conditions and, unless the test-

stand results are obtained at the conditions of pressure, temperature,
speed, and load expected in the field, they may not be the same as
the results expected in the field.

A.8.2 The parameters to be measured during the test shall
be speed and shaft synchronous (1X) vibration amplitudes
with the corresponding phase. The vibration amplitudes and
phase from each pair of x— vibration probes shall be vectori-
ally summed at each response peak to determine the maxi-
mum amount of vibration. The major-axis amplitude of each
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response peak shall not exceed the limits specified in A.6
(more than one application of the unbalance weight and test
run may be required to satisfy these criteria).

The gain of the recording instruments used shall be prede-
termined and preset before the test so that the highest
response peak is within 60% — 100% of the recorder’s full
scale on the test-unit coast-down (deceleration). The major-
axis amplitudes at the operating speed nearest the critical or
criticals of concern shall not exceed the values predicted in
accordance with A.6, before coastdown through the critical of
concern.

A.8.3 Vectorial addition of slow-roll (300 rpm — 600 rpm)
electrical and mechanical runout is required to determine the
actual vibration amplitudes and phase during the verification
tests. Vectorial addition of bearing housing motion is required
for machines having flexible rotor supports (see A.4, item f).

Note 1: The phase on each vibration signal, x or y, is the angular
measure, in degrees, of the phase difference (lag) between a phase
reference signal (from a phase transducer sensing a once-per-revolu-
tion mark on the rotor, as described in API 670) and the next positive
peak, in time, of the synchronous (1X) vibration signal. (A phase
change will occur through a critical or a change in a rotor’s balance
condition occurs because of shifting or looseness in the assembly).

Note 2: The major-axis amplitude is properly determined from a lis-
sajous (orbit) display on an oscilloscope, or equivalent instrument.
When the phase angle between the x and y signals is not 90 degrees,
the major axis amplitude can be approximated by (x2 + 32)/2. When
the phase angle between the x and y signals is 90 degrees, the major-
axis value is the greater of the two vibration signals.

A.8.4 The results of the verification test shall be compared
with those from the original analytical model. The vendor
shall correct the model if it fails to meet any of the following
criteria:

a. The actual critical speeds shall not deviate from the pre-
dicted speeds by more than + 5%.

b. The predicted amplification factors shall not deviate from
the actual test-stand values by more that + 0%.

¢. The actual response peak amplitudes, including those that
are critically damped, shall be within + 50% of the predicted
amplitudes.

A.8.5 Additional testing is required if, from the test data
described or from the damped, corrected unbalanced
response analysis (see A.8.4), it appears that either of the fol-
lowing conditions exists:

a. Any critical response will fail to meet the separation mar-
gin requirements (see A.5) or will fall within the operating
speed range.

b. The requirements of A.6 have not been met.

A.8.6 Rotors requiring additional testing per A.8.5 shall
receive additional testing as follows: Unbalance weights shall
be placed as described in A .4, item b; this may require disas-
sembly of the machine. Unbalance magnitudes shall be
achieved by adjusting the indicated unbalance that exists in
the rotor from the initial run to raise the displacement of the
rotor at the probe locations to the vibration limit defined by
Equation 2 (see A.4, item b) at the maximum continuous
speed. However, the unbalance used shall be no less than
twice the unbalance limit specified in A.8.2. The measure-
ments from this test, taken in accordance with A.8.2, shall
meet the following criteria:

a. At no speed outside the operating speed range, including
the separation margins, shall the shaft deflections exceed 90%
of the minimum design running clearances.

b. At no speed within the operating speed range, including
the separation margins, shall the shaft deflections exceed 55%
of the minimum design running clearances or 150% of the
allowable vibration limit at the probes (see A4, item b).

The internal deflection limits specified in this section,
items a and b, shall be based on the calculated displacement
ratios between the probe locations and the areas of concern
identified in A4, item c. Actual internal displacements for
these tests shall be calculated by multiplying these rations by
the peak readings from the probes. Acceptance will be based
on these calculated displacements or inspections of seals if
the machine is opened. Damage to any portions of the
machine as a result of this testing shall constitute failure of
the test. Minor internal seal rubs that do not cause clearance
changes outside the vendor’s new-part tolerance do not con-
stitute damage.
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SW - Single Width
Sl - Single Inlet

DW — Double Width
DI — Doubile Inlet

Arrangements 1, 3, 7, and 8 are also available with bearings mounted
on pedestals or base set independent of the fan housing.

Arr. 2 SWSI For belt drive or direct

connection. Impeller overhung. Bearings
in bracket supported by fan housing.

Arr. 4 SWSI For direct drive. Impeller
overhung on prime mover shaft. No
bearings on fan. Prime mover base
mounted or integrally directly connected.

Arr. 8 SWSI For belt drive or direct
connection. Arrangement 1 plus
extended base for prime mover.

— =

Arr. 3 SWSI For belt drive or direct
connection. One bearing on each side
and supported by fan housing.

— =

Arr. 7 SWSI For belt drive or direct
connection. Arrangement 3 plus base for
prime mover.

Arr. 9 SWSI For belt drive. Impeller
overhung, two bearings, with prime
mover outside base.

=

Arr. 1 SWSI For belt drive or direct
connection. Impeller overhung. Two
bearings on base.

=—slh

Arr. 3 DWDI For belt drive or direct
connection. One bearing on each side
and supported by fan housing.

B==

Arr. 7 DWDI For belt drive or direct
connection. Arrangement 3 plus base for
prime mover.

Arr. 10 SWSI For belt drive. Impeller
overhung, two bearings, with prime
mover inside base.

The above arrangements are oblained from ACMA Publication 201-90.

Figure B-1—Drive Arrangements for Centrifugal Fans (Page 1 of 2)
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SW - Single Width DW — Double Width
Sl - Single Inlet DI — Double Inlet

=
Arr. 1 SWSI with Inlet Box: For belt Arr. 3 SWSI with Independent Arr. 3 SWSI with Inlet Box and Independent
drive or direct connection. Impeller Pedestal: For belt drive or direct Pedestals: For belt drive or direct connection
overhung, two bearings on base. Inlet connection fan. Housing is self- fan. Housing is self-supporting. One bearing on
box may be self-supporting. supporting. One bearing on each side each side supported by independent pedestals

supported by independent pedestals. with shaft extending through inlet box.

— -

=
Arr. 3 DWDI with Independent Arr. 3 DWDI with Inlet Box and Arr. 8 SWSI with Inlet Box: For belt drive
Pedestal: For belt drive or direct Independent Pedestals: For belt drive or direct connection. Impeller overhung,
connection fan. Housing is self-supporting. or direct connection fan. Housing is self- two bearings on base plus extended base
One bearing on each side supported by supporting. One bearing on each side for prime mover. Inlet box may be self-
independent pedestals. supported by independent pedestals with supporting.

shaft extending through inlet box.

The above arrangements are obtained from ACMA Publication 201-90.

Figure B-2—Drive Arrangements for Centrifugal Fans (Page 2 of 2)
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JOB NO. ITEM NO.

PURCHASE ORDER NO.

SPECIFICATION NO.

DATA SHEET
U.S. CUSTOMARY UNITS

CENTRIFUGAL FAN (APl 673-2ND. EDITION)

REVISION NO. DATE

PAGE 1 OF 10 BY

APPLICABLE TO: O PROPOSAL O PURCHASE

FOR:

O asBULT REVISION:

SITE:

UNIT:

SERVICE:

NO. REQUIRED:

O INDICATES INFORMATION TO BE COMPLETED BY PURCHASER

D BY MANUFACTURER

GENERAL

FAN MFR. SIZE

TYPE/ARRANGEMENT SERIAL NO.

DRIVER MFR.
FURNISHED BY
DRIVE SYSTEM

DRIVER TYPE
MOUNTED BY
O DIRECT COUPLED

1
2
3
A
5|NOTE:
6
7
8
9

O OTHER _

RPM
PER DATA SHEET
cw

RATED HP
PER SPECIFICATION
FAN ROTATION, FROM DRIVEN END

ccw

OPERATING CONDITIONS

(ALL DATA ON PER UNIT BASIS)

NORMAL RATED OTHER CONDITIONS

A B C

O OPERATING CONDITIONS/CASE

O GAS HANDLED (See Page )

O DENSITY (LBFT.)

O DELIVERED SCFM (14-7 PSIA & 60°F DRY)

O WEIGHT FLOW LB/MIN (WET)

INLET CONDITIONS:

TEMPERATURE (°F)

RELATIVE HUMIDITY (%)

MOLECULAR WEIGHT (MIN.)

INLET VOLUME (ICFM WET)

Cp/Cv (K1) OR (Kave)

COMPRESSIBILITY (Z4) OR (Zave)

STATIC PRESSURE @ SOUND TRUCK (IN. WG)

PRESSURE LOSS ACROSS SOUND TRUCK (IN. WG)

STATIC PRESSURE @ INLET DAMPERS (IN. WG)

gopoOOOooo

STATIC PRESSURE @ FAN INLET (IN. WG)

DISCHARGE CONDITIONS:

D STATIC PRESSURE @ FAN OUTLET (IN. WG)

w
A

D STATIC PRESS. @ DISCHARGE DAMPER (IN. WG)

D AP ACROSS DISCHARGE DAMPER (IN. WG)

[ AP ACROSS EVASE (IN. WG)

O STATIC PRESSURE @ EVASE OUTLET (IN. WG)

PERFORMANCE:

BHP REQUIRED @ TEMP. (ALL LOSSES IND )

FAN SPEED (RPM)

GUARANTEE POINT

PERFORMANCE CURVE NO.

STATIC AP ACROSS FAN (IN. WG)

INLET DAMPER/VANE POSITION

DISCHARGE DAMPER POSITION

agdoOoOoonOn

FAN STATIC EFFICIENCY (%)

FAN CONTROL:

O ARSUPPLY

O CONTROL SIGNAL TYPE

O ARRANGEMENT DRWG NO.
MeTHoD: O INLET DAMPER
O STARTING CONDITIONS

SOURCE

O OUTLET DAMPER

CONTROL SIGNAL FAILURE MODE

O FAN CONTROL FURNISHED BY

SENSITIVITY RANGE

O cLose O oPEN O AUTOLOCK
O INLET GUIDE VANES
O STARTING METHOD

O START & STOP RESTRICTIONS

(O VENDOR REVIEW OF CONTROL SYSTEM REQUIRED

QO OTHER
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 2 OF 10 BY
U.S. CUSTOMARY UNITS
1 OPERATING CONDITIONS
2| GAS ANALYSIS NORMAL RATED CONDITIONS REMARKS
3O moL% O A B c D
4 MW
5[AIR 28.97
6|OXYGEN 32.00
7|NITROGEN 28.02
8|WATER VAPOR 18.02
9| CARBON MONOXIDE 28.01
10| CARBON DIOXIDE 44.01
11|HYDROGEN SULFIDE 34.08
12| HYDROGEN CHLORIDE 36.47
13| CHLORINE 70.91
14
15
16
17
18| TOTAL
19{AvG. MOL WT.
20| CORROSIVES:
21 O CORROSION/EROSION CAUSED BY
22 O CORROSION EROSION PROTECTION
23 O NACE MR-01-90 MATERIALS REQUIRED
24
25 LOCATION, SITE DATA SPECIFICATIONS
26| LOCATION: NOISE SPECIFICATIONS:
27 O INDOOR O HEATED O UNDER ROOF O APPLICABLE TO MACHINE:
28 O ouTbooR O UNHEATED O PARTIAL SIDES See Specification
29 O GRADE O MEZZANINE O O APPLICABLE TO NEIGHBORHOOD
30 O WINTERIZATION REQD O TROPICALIZATION REQD See Specification
31| SITE DATA: ACOUSTIC HOUSING: Oves O nNo
32 O ELEVATION . O BAR PSIA/IN. Hg A
33 O TEMPERATURE °F SUMMER °F WINTER
34 O WIND LOAD psk O vELocITY MPH APPLICABLE SPECIFICATIONS:
35 O MINIMUM DESIGN METAL TEMPERATURE °F
36| UNUSUAL CONDITIONS:
37 O pust O FrumES
38 O OTHER PAINTING:
39 O MANUFACTURER'S STD.
40 O oTHER
41 SHIPMENT:
a2 O powmEsTIC O exporT O EXPORT BOXING REQD.
43 O OUTDOOR STORAGE OVER 6 MONTHS
a4 ERECTION:
45 sHipPED [ AssemBLED [ pARTLY ASSEMBLED
6 O oTHer
47 [ EXTENT OF FIELD ERECTION & ASSEMBLY
48| ELECTRICAL AREA CLASSIFICATION: MAN HOURS
49 O cLass GROUP DIVISION O oTHer
50| REMARKS:
51
46
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 3 OF 10 BY
U.S. CUSTOMARY UNITS
1 CONSTRUCTION FEATURES
2|1 speeps: ACCESSORIES:
3 MAX CONT. RPM TRIP RPM © TEMP DETECTORS (METAL) (OIL) O THRUST (O JOURNAL
4  MAXTIP SPEEDS FPS @ RATED TYPE MFG./NO. QO ArPI670
5 FPS @ MAX. CONT. O END SEALS O LABYRINTH O DOUBLE CONTACT
6|[] LATERAL CRITICAL SPEEDS(2.7.2): O THERMOSTATICALLY CONTROLLED HEATERS OCvyes O no
7 FIRST CRITICAL rem [doameen [ unpavpeD O vee MFG / NO.
8 O TRAIN LATERAL ANALYSIS REQUIRED LUBRICATION: O CONSTANT LEVEL OILER(2.85.1) O PURE OIL MIST
of [ suBMITX-Y PLOT (COUPLED DRIVER & FAN) O purcE oL MisT O OTHER (See Pg.6)
10| ] TORSIONAL CRITICAL SPEEDS(2.7.3): COOLANT REQUIRED [ none O ar
11 FIRST CRITICAL RPM O water GPM@ °F
12 O susmirx-vpLor (COUPLED DRIVER & FAN) [ roTor:
13 [0 TORSIONAL VIBRATION ANALYSIS FOR FAN & DRIVER SHAFT LENGTH (IN.) DIA. @ WHEEL IN.
14| [ TRNS'NT TORS'NAL ANLYS. FOR SYNCHRNS. DRIVER UNITS MATERIAL
15|  ALLOWABLE TEST LEVEL MILS CONSTRUCTION
16 (Peak To Peak) TIR @ SLEEVE IN. DIA. @ BEARING IN.
17 MATERIAL [ eLaDES:
18 CONSTRUCTION No. of BLADES DIAMETERS (IN.)
19| 0 iNLET BELL TYPE (HOLLOW OR SOLID AIRFOIL, SINGLE, THICKNESS, ETC.)
20| ] EvASE (DETAIL IN PROPSAL)
21l O INSULATIONREQUIRED OO INSULATION STUDS BY: TYPE FABRICATION
22| 1 INsuLATION TYPE THICKNESS IN. MATERIAL COATING TYPE
23| ] FAN HOUSING NEAR-CENTERLINE SUPPORT REQUIRED(2.2.5) WEAR PLATES MATERIAL
24| 1 pRAINS: NossiZE TYPE/LOC. HUB: O SHRINKFIT O kevep
25| ] FAN INLET ACCESS: SPLIT FOR ROTOR REMOVAL MATERIAL CONSTRUCTION
26| L1 manways: SIZE IN. TYPE/LOC. ROTOR WT. (Lbs.) WR2(Lb./Ft2)
27 SIZE IN. TYPE/LOC. KEY WAY: No. DIM x x IN.
28 O MAX. HEATING / COOLING RATE / °F/MIN.
29|  BEARING HOUSING: MAX. ALL HEAT/COOL RATE / °F/MIN.
30| 1 consTrRUCTION MATERIAL [ sHAFT sLEEVES:
311  BEARINGS LENGTH (IN.) DIA. (IN.)
32| QO HYDRODYNAMIC QO ANTI-FRICTION SHRINK FIT CORROSION RESISTANT MATL.
33 MOUNTING PEDESTALS OCvyes O no [ sHAFT SEALS:
34| SOLE PLATES OCvyes O no TYPE MATERIAL
35 [] RADIAL BEARINGS: BUFFER OR EDUGTOR CONNECTIONS
36 MFG./No.  LOAD (Lbs) LENGTH (IN) DIA. (IN.) DETAILS:
37 INBOARD [] MAIN CONNECTIONS (2.3)
38|  OUTBOARD INLET: No. SIZE x AREA (FT?)
39 Dn FACTOR L-10 HRS [ FLANGE sizE BOLTING
40 LOAD FACTOR O LOCATION/ORIENTATION
41 MAX. SPEED RPM @ °F [ exp. JoINT REQD FURN. BY
a2 CLEARANCE IN OUTLET: SIZE x AREA (FT?)
43 BEARING SPAN (CL — CL) IN [ FLANGE sizE BOLTING
a4 [ THRUST BEARINGS: O LOCATION/ORIENTATION
45 TYPE (Dual Bell, Flat Land, Tapered Land, Tilt-Pad) [ exp. JoINT REQD FURN. BY
46 O MATING FLG BY VENDOR O asveB165 O ASME B16.47
47 MFG./No. AREA N2 |L_| OTHER CONNECTIONS (2.3):
48 LOADING (PSI): ACTUAL ALLOW SERVICE No. SIZE TYPE
49 Dn FACTOR L0 HRS |LUBE OIL INLET
50 LOAD FACTOR LUBE OIL OUTLET
51 MAX. SPEED RPM @ °F |COOLING WATER INLET
52 [] THRUST COLLAR (On Inboard Bearing): TYPE: COOLING WATER OUTLET
53 TYPE ATTACHMENT: PRESSURE GAGE
54 TEMP. GAGE
55 O INTEGRAL THRUST COLLAR REQUIRED(2.8.4.2.2) CONDENSATE DRAINS
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 4 OF 10 BY
U.S. CUSTOMARY UNITS

1 CONSTRUCTION FEATURES (Continued)

2|NOISE ATTENUATION: BASEPLATES & SOLEPLATES:

3 O MAX. ALLOW SOUND PRESS LEVEL pBA@ _ FT |O TRI- DIRECTIONAL ADJUSTING SCREWS FOR EQUIP.

4 ] PREDICTED SOUND PRESS LEVEL pBA@ _ FT |O PILOTHOLES FOR DOWELS

5 [ ATTENUATION METHOD O TYPE GROUT TYPE PRECOAT

6 SOLEPLATES FOR O BEARING PEDESTALS O cEeaR

7 O FURNISHED BY O DRIVER O FAN HOUSING SUPPORTS

8 [ SILENCER MFG/MODEL No. BASE PLATE:

9 O COMMON (Under Fan, Gear, Driver) O FAN ALONE
10 L1 acousTic PERF O oTHER O DIMENSIONS x x FT
11 [ AERODYNAMIC PERF CFM °F DECKING O NON SKID O OPEN CONSTRUCTION
12 LOSS INWG. O DRIPRIM O OPEN DRAIN
13 [ accessories SUITABLE FOR O COLUMN or O PERIMETER SUPPORT
14| FAN CLEANING SYSTEM (2.1.22): O LEVELING PADS W/REMOVABLE COVER
15 O REQUIRED CLEANING MEDIUM O SUBSOLE PLATES REQUIRED
16 ] mFr/MODEL FURN BY
17 O INSTALLED BY
18 ] DETAILSDWE No.
19|FAN ITEMS: O CORROSION L] sizermickness LI maTERIAL LI maTERIAL
20 ALLOWANCE (INCL. C.A) SPECIFICATION
21 SHAFT
22 BLADES
23 HUB
24|  CENTER PLATE
25| SHROUDS
26|  SLEEVES
271 sEALs
28 HOUSING
29 DAMPERS
30 GUIDE VANES
31 RAIN HOODS
32 INLET BELTS
33 EVASE (Discharge, Diffuser)
34|  SOUND TRUCK
35 INLET DUCT
36|  WEARPLATES
37[coupLINGS: DRIVER—FAN GEAR—FAN DRIVER—GEAR
38
39 O COUPLING & GUARD
40 FURNISHED BY:
41 O T1vPE
ol O wre
43 ] mobELNUMBER
a4 O LUBRICATION
45 O MOUNT CPLG. HALVES
6 —FAN
47 —DRIVER
48 —GEAR
49 O SPACER LENGTH
50 O LTD. END FLOAT REQ'D
51 O COUPLING GUARD REQD
52 [ service FACTOR
53 [ cpLG. RATING HP/100 RPM
54 [ KEYED or HYDR FIT
55 O ADAPTER (Solo) PLATE
s¢]  [1 maTERIALS
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 5 OF 10  BY
U.S. CUSTOMARY UNITS
1 CONSTRUCTION FEATURES (Continued)
2 | ALLOWABLE EXTERNAL LOADS O weicHTs Les:
3 INLET DISCHARGE FAN DRIVER BASE
4 FORCE MOMT. FORCE MOMT. ROTORS FAN DRIVER BASE
5 LBS FT-LBS LBS FT-LBS GEAR UPPER CASE
6 AXIAL SOUND TRUNK EVASE
7 VERTICAL SYSTEMS: LUBE CLEANING
8 HORIZ. 90° CONTROL PANEL
9 |VIBRATION DETECTORS: MAX. FOR MAINTENANCE (Identify)
10| PROVISIONS FOR VIBRATION TRANSDUCERS(THREADED CONN.) TOTAL SHIPPING WEIGHT
11| FLAT SURFACES FOR MAGNETIC MOUNTED TRANSDUCERS
12| O SEISMIC SENSOR COVER (S) BY [] sPACE REQUIREMENTS (FEET & INCHES)
13| O PROVISIONS FOR MOUNTING NON-CONTACTING VIB. PROBES
14| O PER API670
15 |SPEED DETECTORS (On Outdoor Bearing): COMPLETE UNIT L w H
16O NON-CONTACT PROBE O SPEED SWITCH CONTROL PANEL L w H
17|10 OTHER L w H
18|O  TYPE I mopeL
19|O MFG UTILITY REQUIREMENTS:
20|O LOCATION STEAM WATER ELECTRIC
2110 SCALE RANGE _RPM
2 MISCELLANEOUS:
23 |SHOP INSPECTIONS & TESTS: REQD. OBSERVD  WIT. O VENDOR'S REVIEW & COMMENTS ON FOUNDATION DESIGN
24 |SHOP INSPECTION O O O O VENDOR'S REV. & CMNTS ON CONTRACTOR'S DUCT DESIGN
25 |CLEANLINESS INSPECTION O O O O TORSIONAL ANALYSIS REPORT REQUIRED
26 |HARDNESS VERIFICATION O (@] O O TURNING GEAR, TYPE DRIVER
27 |CHARPY IMPACT TESTING O O O O auto O MANUALENGAGE (O START FROM REST
28 |SHAFT RUN OUT CHECK O O O O RAINHOOD & CAP
29 |ROTOR BALANCING O O O O INLET AR FILTER
30 |REBAL. AFTER MOUNTING CPLG. O O @) O INLET DAMPER
31 |RESIDUAL BALANCE CHECK O O O O INLET GUIDE VANE
32| CALIBRT'N CK. OF BALNC'G EQUIP @) O O QO INLET TRASH SCREEN
33|NDT EXAMINATION O O @) O OUTLET DAMPER
34| ASSEMBLY & FIT UP CHECK O O O O SOUND TRUCK (INLET BOX/ SILENCER)
35| INITIAL &/or FINAL ALIGN @) O O O BOLTING & GASKETS
36| GEAR TOOTH CNTCT. CHK. (API 677) O O @)
37|MECHANICAL RUN TEST O O O
38|FULL UNIT MECHANICAL RUN TEST O O O
39| VIBRATION TEST O O @) REMARKS:
40|SOUND LEVEL TEST O O O
41|MAT'L CERTIFICATION O O O
42|SURFACT & SUBSURFACE INSPCT. O O @)
43 TYPE
44|PRESSURE TEST: O O O
45 —HOUSING O O O
46 —DUCTING O O O
471 —LUBE OIL SYSTEM O O O
48|RUN & CHECK LUBE CONSOLE O O O
49|SHOP PERFORMANCE TEST O O O
50| PRE-SHIPMENT INSPECTION O O O
51 —DRIVER / AUX. MOUNTED O O O
52| QUALITY CONTROL REVIEW O O @]
53|FIELD PERFORMANCE TEST O @] O
54| OTHERS: O O O
55 O O O
56 O O O
49
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 6 OF 10 BY
U.S. CUSTOMARY UNITS

1 LUBE OIL SYSTEM

2(CIRCULATING OR PRESSURIZED LUBE OIL SYSTEM BY: O API 614 REQUIRED

3|PIPING MATERIALS: CARBON STAINLESS |STANDBY PUMP CONTROL:

4 STEEL STEEL O RESET O MANUAL O AUTOMATIC

5/ COMPLETE SYSTEM O AUTOMATIC START

6| DOWNSTREAM OF FILTERS O “ON-OFF-AUTO” SELECTOR SWITCH

7|/ RETURN PIPING RESERVOIR:

8 O MATERIAL

9 O CARBON STEEL SLIP-ON FLANGES ON STNLESS. STEEL PIPING RETENTION TIME MIN. CAPACITY GAL.
10|SYSTEM COMPONENT SUPPLIERS: O BASEPLATE MOUNTED O FABRICATED STEEL BASE
11 MANUFACTURER MODEL | BAFFLE REQUIRED O INTERIOR COATING
12 O wain pump FREE SURFACE AREA FT2
13 O stanpsyY PUMP O HEATER (8) O eect. O sTREAM O MINSITE  °F
14 O eLecTriC MOTOR (S) O FLTR/BRTHR. O FLANGED UNT. HEAT-UP TIME Hrs.
15 O sTeam TURBINE (s) O PRESS. RELIEF VENT O INSULATION SUPPORTS
16 O oiL cooLer (s) O SPRING LOADED FILL GAP w/S.S. STRAINER
17 O o rLTER (89 OIL COOLERS:
18 O accumuLaToR (s) O ar O water GPM @ °F
19 O sucT. sTRAINER (s) O SsINGLE O SsINGLE
20 O cHeck vaLvE (s) O W/ BYPASS & TEMP CNTRL. VALVE O manuvaL O auTo
21 O switcH vaLvE (s) O ASME CODE STAMP
22 O pumP coupPLING (S) O HEATING STEAM PSIG °F
23 [ temp. INDICATORS O FOUL. FACTR.: SHELLSIDE TUBE SIDE
23 O Lp. sHuTDOWN swiTGH O make O rvee
24
25|SYSTEM PRESSURES: O outy BTUHR [ surRFacE °F
26| ] pESsiGN psic [ HybroTEST PSIG O CcoDE(s)
27| ] PUMP RELIEF VALVE (8) SETTINGS PSIG [ pesiGN PRESS. PSIG SHELL SIDE TUBE SIDE
28
20|BASIC SYSTEM REQUIREMENTS (NORMAL OIL FLOW) O Tuses: o.n. iIN. [ ToTAL SURFACE AREA FT2
30 O Luse o cPM | PsiG | ssu@ 100°F |SSU@ 210 °F WALL THICKNESS (AVE) (MIN) IN.
31 FAN LENGTH IN. NUMBER:
32 DRIVER [ wmaTeriALS
33 GEAR TUBES
34 O common LuBE sYSTEM TUBE SHEETS
35
36|PUMPS: MAIN STANDBY SHELL
37 O HORIZONTAL TUBE SUPPORT
38 O VERTICAL SHELL COVER/FLANGE
39
40 O SUBMERGED ACCUMULATOR:
41 O MOTOR DRIVEN O siNGLE O muLT
42 O TURBINE DRIVEN O ASME CODE DESIGN O ASME CODE STAMP
43 QO SHAFT DRIVEN O MATERIAL
44 O CENTRIFUGAL O corROSION ALLOWANGE (IN.)
45 O GEAR/SCREW O capaciTY (ToTAL) GAL.
46 O FLANGE CONNECTED [ PRE-CHARGE PRESS. (PSIG)
47 O &pm (RATED) O DIRECT CONTACT TYPE O BLADDER TYPE
48 O ersic [ sLADDER MATERIAL
49 O sHr @ 100 ssU O WITH SUPPLY REGULATOR O MANU. CHARGE VALVE
50 O oriver HP FILTERS: MFG:
51 QO CASING MATERIAL O SsINGLE O TwiN
52 [ speep O ASME CODE DESIGN O ASME CODE STAMP
53 QO coupLING O MICRON (1)
54 O cuarp O FiLTER MEDIUM
55 O MECH. SEAL [ pesieN PRESS. PSIG
56|EMERGENCY LUBE OIL PUMP: [ AP CLEAN (Psl)
57 QO AIR MOTOR DRIVEN O OTHER ] AP COLLAPSE (PSI)
58 O SAFETY GUARD REQUIRED O casiNG MATERIAL
59 [ cARTRIDGE INDENT NO.
80 O FURNISH SET OF SPARE CARTRIDGE W/ FILTERS
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CENTRIFUGAL FAN (API 673-2ND. EDITION)
DATA SHEET
U.S. CUSTOMARY UNITS

JOB NO. ITEM NO.
REVISION DATE
PAGE 7 OF 10 BY

INSTRUMENTATION

D BASE MOUNTED
D VIBRATION ISOLATORS

D FREE STANDING

D STRIP HEATERS

D WEATHERPROOF
D PURGE CONNECTIONS

QO PERAPI 614 QO OTHER
LOCAL CONTROL PANEL:
FURNISHED BY: D VENDOR D PURCHASER D OTHERS

D ANNUNCIATOR WITH FIRST OUT INDICATION LOCATED ON LOCAL PANEL
D CUSTOMER CONNECTIONS BROUGHT OUT TO TERMINAL BOXES BY VENDOR

REMARKS:

D TOTALLY ENCLOSED

D WITH DOORS

D EXTRA CUTOUTS

INSTRUMENT SUPPLIERS:

49
50
51
52

PRESSURE GAGES MFR. SIZE & TYPE
TEMPERATURE GAGES MFR. SIZE & TYPE
LEVEL GAGES MFR. SIZE & TYPE
DIFF. PRESSURE GAGES MFR. SIZE & TYPE
PRESSURE SWITCHES MFR. SIZE & TYPE
DIFF. PRESSURE SWITCHES MFR. SIZE & TYPE
TEMPERATURE SWITCHES MFR. SIZE & TYPE
LEVEL SWITCHES MFR. SIZE & TYPE
CONTROL VALVES MFR. SIZE & TYPE
PRESSURE RELIEF VALVES MFR. SIZE & TYPE
SIGHT FLOW INDICATORS MFR. SIZE & TYPE
VIBRATION EQUIPMENT MFR. SIZE & TYPE
TACHOMETER MFR. RANGE &TYPE
SOLENOID VALVES MFR. SIZE & TYPE
ANNUNGIATOR MFR. MODEL & No. POINTS
] bAMPERVANE ACTUATOR MFR. MODEL
O FURNISHED BY [T tvee [ max. TORQUE (FT/LBS)
noTE: [] SUPPLIED BY VENDOR O SUPPLIED BY PURCHASER
PRESSURE GAGE REQUIREMENTS: LOCALLY LOCAL LOCALLY LOCAL
FUNGTION MOUNTED PANEL FUNGTION MOUNTED PANEL
LUBE OIL PUMP DISCHARGE O o O o FAN DISCHARGE (IN. WG ) O o O o
LUBE OIL FILTERDP 0o 0o CONTROL AIR (PSIG) 0o 0o
LUBE OIL SUPPLY 0o 0o FAN SUCTION (IN. WG.) o 0o
O o O o O o O o
O o O o O o O o
TEMP. GAGE REQUIREMENTS: LOCALLY LOCAL LOCALLY LOCAL
FUNGTION MOUNTED PANEL FUNGTION MOUNTED PANEL
LUBE OIL TO BEARINGS 0o 0o OIL COOLER INLET & OUTLET 0o O o
DISCHARGE FROM EACH O o O o FAN SUCTION O o O o
PINION JOURNAL BEARING Oo Oo O o O o
BULL GEAR JOURNAL BEARING 0o O o O o O o
FAN THRUST BEARING O o O o O o O o
DRIVER JOURNAL BEARING O o O o O o O o
DRIVER THRUST BEARING O o O o O o O o
GEAR THRUST BEARING Oo O o O o O o
FAN JOURNAL BEARING O o O o O o O o
O o O o O o O o
SWITCH CLOSURES:
ALARMCONTACTS sHALL: L open [ cLOSE To SOUND ALARM AND BE NORMALLY ] enercizep U] oe-eneraizeD
SHUTDOWN CONTACTS SHALL: L oren [ cLosE To TRIP AND BE NORMALLY U enereizep L] pe-eneroizep

NOTE: NORMAL CONDITION IS WHEN FAN IS IN OPERATION.
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JOB NO. ITEM NO.

CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE

DATA SHEET PAGE 8 OF 10  BY

U.S. CUSTOMARY UNITS

12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

INSTRUMENTATION (Continued)

MISCELLANEOUS
ALARM AND SHUTDOWN SWITCHES SHALL BE SEPARATE.
ELECTRICAL AND INSTRUMENT CONNECT'NS WITHIN THE CONFINES OF THE FAN BASE SHALL BE BROUGHT OUT TO TERMINAL BOXES.
COMMENTS REGARDING INSTRUMENTATION:

ALARM & SHUTDOWN SWITCHES
FUNCTION ALARM TRIP FUNCTION ALARM TRIP

] O LowLUBE OIL PRESSURE O O ranvigraTION

[J O HiLuse oL FILTER AP [] O FanAxiAL POSITION

] O Low LUBE OIL RESERVE LEVEL 1 O bRIVER VIBRATION

[0 O aux. LUBE OIL PUMP START [J O DpRIVER AXIAL POSITION

[] O Hi INLET AR FILTER AP ] O FanMOTOR SHUTDOWN

O o L] O HiFAN THRUST BRG. TEMP.

O o J O i DRIVER THRUST BRG. TEMP.

O o O o

MISCELLANEOUS INSTRUMENTATION:

L] O siGHT FLOW INDICATORS: EACH JOURNAL & THRUST BEARING OIL RETURN LINE

] O LeveL GAGES, LUBE OIL RESERVOIR(S)

O O vierATION READOUT EQUIPMENT

] O vIBRATION READ OUT LOCATED ON: 1 wocapaner [ otrer

] O FaN SPEED PICK-UP DEVICES

O O ran sPeeD INDICATORS

[J O FAN SPEED INDICATORS LOCATED ON: L locapaner [ otHer

] O ALARM HORN & ACKNOWLEDGEMENT SWITCH

O o

O o

O o

REMARKS:

52
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JOB NO. ITEM NO.
ELECTRIC MOTOR (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 9 OF 10 BY
U.S. CUSTOMARY UNITS
1|APPLICABLE TO: O ProPosAL O PURCHASE O asBuLT
2|For UNIT
3|siTE DRIVEN EQUIP.
4| SERVICE NO. REQUIRED
5|MANUFACTURER MODEL SERIAL NO.
6|NOTE: INFORMATION TO BE COMPLETED O BY PURCHASER O By MANUFACTURER
7 MOTOR DESIGN DATA
8| APPLICABLE SPECIFICATIONS: VIBRATION:
9 O Nema O NEMA STANDARD
10 O NOISE
11|sITE DATA: O NEMA STANDARD
12larea: O cL GR. DIV. O N-HAZARDOUS  |THRUST:
13 O attmube F1 O AMBENTTEMPS:  MAX  _ °F [ max MOTOR THRUST LBS.
14|lunusuaL conpmions . O pust O Fumes MIN °F |REMARKS:
15 O otHER
16|DRIVE SYSTEM: O DIRECT CONNECTED
17 O GeAr
18 O oTtHER
19| TYPE MOTOR:
20 O SQUIRREL CAGE INDUCTION O NEMA DESIGN
21 O syNncHRONOUS
22 O POWER FACTOR REQD
23 EXCITATION: O BRUSHLESS O SsLIPRING
24 O FIELD DISCHARGE RESISTOR BY MOTOR MFR. ACCESSORY EQUIPMENT
25 O WOUND ROTOR INDUCTION O BASEPLATE O SOLEPLATE O STATOR SHIFT
26 O O MFR. STD. FANS O NONSPARKING FANS
27| ENCLOSURE: O D.C. EXCITATION
28| O EXPLOSION PROOF Orerc [ kw re@D. VOLTS
20| O TEWAC O TEIGF, USING GAS BY: O PURCHASER O MANUFACTURER
30 O DOUBLE WALL CARBON STEEL TUBES DESCRIPTION
31 O WATER SUPP.: PRESS. PSIG  TEMP. *¢ | O ENCLOSED COLLECTOR RINGS:
a2 O WATER ALLOW. AP _ PSI&TEMPRISE °F O PURGED MEDIUM PRESS PSIG
33 O WATER SIDE MIN CORR. ALLOW. IN. O EXPLOSION-RESISTANT NONPURGED
34 AND FOUL FACTOR O FORCE VENTILATION
35 O (AR) (GAS) SUPPLY PRESS. PSIG O crm PRESS. DROP IN. H0
36 O O BEARING TEMP. DEVICES:
37| O WEATHER PROTEGTED TYPE O Location
38| O FORCED VENTILATION [ pescriPTioN
39| O OPEN-DRIPPROOF O sete °F FOR ALARM °F FOR SHUTDN.
20| O oreN SPACE HEATERS:
41 O kw O VOLT PHASE HERTZ
42 O MAX SHEATH TEMP. °F
43|BASIC DATA: WINDING TEMPERATURE DETECTORS:
44| O VOLTS PHASE HERTZ O THERMISTORS No/PHASE
45| ] NAMEPLATE HP SERVICE FACTOR TvPe: O POS. TEMP. COEFF. O NEG. TEMP. COEFF.
46| O SYNCHRONOUS RPM TEMPERATURE SWITCH O ves O no
47| O INSULATION CLASS TYPE O RESISTANCE TEMP. DETECTORS: No./PHASE
48| O TEMP. RISE: °F ABOVE °F BY O resisTANCE MAT. [l OHM
49|STARTING: SLCTR. SWITCH & INDICATOR BY: O purcHrR. O MFR.
50| O FULL VOLTAGE O REDUCED VOLTAGE % [ max STATOR WINDING TEMPS:
51O LoADED O UNLOADED °F FOR ALARM °F FOR SHUTDOWN
52| O VOLTAGE DIP %
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ELECTRIC MOTOR (API 673-2ND. EDITION)
DATA SHEET

JOB NO.
REVISION

PAGE 10 OF 10

ITEM NO.

DATE

BY

U.S. CUSTOMARY UNITS

ACCESSORY EQUIPMENT (Cont'd)

MANUFACTURER'S DATA, (Cont'd)

WINDING TEMP, DETECTOR & SPACE HEATER LEADS:
O IN SAME CONDUIT BOX
O N SEPARATE CONDUIT BOXES

O SELF-BALANCE PRIMARY-CURRENT METHOD
O c.T.DESCRIPTION

O MOTOR ARRANGED FOR DIFFERENTIAL PROTECTION:

O EXTENDED LOADS
O SURGE CAPACITORS
O LIGHTING ARRESTERS
O c.T. FOR AMMETER
12 O DESCRIPTION

LENGTH

O O 0 ~N o ;B W N

1

13| MAIN CONDUIT BOX SIZED FOR:
14| O MAIN MOTOR LEADS O TvPE

15 O INSULATED O NONINSULATED
16 C.T.'S FOR DIFF. PROTECT. (MTD. BY
17 SURGE CAPACITORS (MTD. BY

18 LIGHTNING ARRESTERS (MTD. BY
19 C.T. FOR AMMETER (MTD. BY

20 SPACE FOR STRESS CONES
21 AIR FILTERS
22 I::I MFR.

000000

D TYPE

23

D MANUFACTURER'S DATA

24|MANUFACTURER

25
2

FRAME No.
EFFICIENCY: F.L.

FULL LOAD RPM (Ind.)
3L

[o7]

oL

2 3L

<1

PWR. FACTOR (Ind.): F.L.

oL

FIELD DISCHARGE RESISTOR OHMS
RATED EXCITATION FIELD VOLTAGE D.C.
RESISTANCE OF EXCITATION FIELD @ 25°C OHMS

EXCITATION FIELD AMPS @ FULL LOAD & RATED P.F.

EXCITATION FIELD AMPS: MAX.

EXCITATION FIELD D RHEOSTAT
SUPPLIED BY

MIN.
I:] FIXED RESISTOR REQ'D

BEARINGS: TYPE LUBR.
LUBE OIL REQUIRED: GPM@ PSIG
TOTAL SHAFT END FLOAT
LIMIT END FLOAT TO
MOTOR ROTOR: L] soup L1 spurr
MOTOR HUB [ soup LI seur
FOR TEWAC &TEIGF MOTORS:
COOLING WATER REQD GPM
C.W. TEMP. RISE °F PRESS. DROP PSI
(AIR) (GAS) REQ'D SCFM  PRESS. MAINT. IN.Hz0

CURVES REQD BASED ON MOTOR SATURATION @ RATED VOLTAGE:

O SPEED vs TORQUE (ALSO @ % RATED VOLTAGE)
O SPEED vs POWER FACTOR
O SPEED vs CURRENT
WEIGHTS (LBS):

NET WEIGHT

ROTOR WEIGHT

MAX. MAINT. WT (Identify)
DIMENSIONS (FEET & INCHES):

SHIPPING WT.
MAX. ERECTION WT.

Copyright American Petroleum Institute
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28| CURRENT (Rated Volt.): FULL LOAD LOGKED ROTOR L w H
29| LOCKED ROTOR POWER FACTOR SHOP INSPECTION AND TESTS
30| LOCKED ROTOR WITHSTAND TIME (Cold Start) REQUIRED OBSERVED WITNESS
31| TORQUES (FT-LBS): FULL LOAD SHOP INSPECTION O O O
32 LOCKED ROTOR STARTING (Syn.) TESTING PER NEMA O (@) O
33 PULL-UP (Ind.) PULL-IN (Syn.) MFR. STD. SHOP TESTS O O @]
34 BREAKDOWN (Ind.) PULL-OUT (Syn.) IMMERSION TEST O O O
35 SPECIAL TESTS (List Below)
36| OPEN CIRCUIT TIME CONSTANT (SEC.) @) O O
37| SYMMETRICAL CONTRIBUTION TO 33 TERMINAL FAULT: O O O
38|aT 2 cYcLES AT 5 CYCLES O O O
39| REACTANCES: SUB-TRANSIENT (X"g) O O @]
40|  TRANSIENT (X'¢g) SYNCHRONOUS (Xq) COUPLING:
41|A.C. STATOR RESISTANCE OHMS@ *r |O supPPLIED BY
42|RATED KVA O wrr. O mopeL
43|KVA INRUSH @ FULL VOLT. & LOGKED ROTOR (SYN.) % |O motorMFR. O FaNMFR. O PUCH.TO MOUNT MTR. HALF
44|KVA @ FULL VOLTAGE & 95% SPEED % | PAINTING:
45|MAX. LINE CURR. IN STATOR ON 1st SLIP CYC. @ PULL-OUT O MANUFACTURER'S STANDARD
46 (SYN) O
47| ACCELERATION TIME (Motor Only @ Rated Volt.) SEG.| SHIPMENT:
48| ACCEL. TIME (Motor & Load @ 85% Rated Volt.) sec.| O pomesTic O exporT O EXPORT BOXING REQUIRED
49| ROTOR/FIELD WR? @ MOTOR SHAFT (LB-FT_) O 0oUT DOOR STORAGE OVER 6 MONTHS
50| ROTATION FACING COUPLING END O
51| No. OF STARTS PER HOUR
52| REMARKS:
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
3
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34

R =

3
36|
37|
38|
39|
40
41
42
43
44
45
46
47
48
41
50|
5
52|

(5]

©

JOB NO. ITEM NO.
PURCHASE ORDER NO.
SPECIFICATION NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION NO. DATE
DATA SHEET PAGE 1 OF 10 BY
SI UNITS
1|APPLICABLE TO: O propPosaL O PurcHAsE O assuLt REVISION:
2|FoR:
3|sITE: UNIT:
4| SERVICE: NO. REQUIRED:
5|NoTE:. O INDICATES INFORMATION TO BE COMPLETED BY PURCHASER [ &y vanUFACTURER
6 GENERAL
7|FAN MFR. SizE TYPE/ARRANGEMENT SERIAL NO.
8|DRIVER MFR. DRIVER TYPE RATED kW RPM
9| FURNISHED BY MOUNTED BY PER SPECIFICATION PER DATA SHEET
10| DRIVE SYSTEM O bpirectcouvrted O oTHER FAN ROTATION, FROM DRIVEN END cw cew
1 OPERATING CONDITIONS
12| (ALL DATA ON PER UNIT BASIS) NORMAL RATED OTHER CONDITIONS
13 A B c D

O OPERATING CONDITIONS/CASE

O GAS HANDLED (See Page )

O DENSITY (kg/m_)

QO DELIVERED m,3/h (1 atm & 0°C DRY)

QO WEIGHT FLOW Kg/h (WET)

INLET CONDITIONS:

TEMPERATURE ( °C)

RELATIVE HUMIDITY (%)

MOLECULAR WEIGHT (MIN.)

INLET VOLUME (m3s WET)

Cp/Cv (K1) OR (Kave)

COMPRESSIBILITY (Z1) OR (Zayg)

STATIC PRESSURE @ SOUND TRUCK (mm WG)

PRESSURE LOSS ACROSS SOUND TRUCK (mm WG)

STATIC PRESSURE @ INLET DAMPERS (mm WG)

ooOoOOOooo

STATIC PRESSURE @ FAN INLET (mm WG)

DISCHARGE CONDITIONS:

D STATIC PRESSURE @ FAN OUTLET (mm WG)

D STATIC PRESS. @ DISCHARGE DAMPER (mm WG)

D AP ACROSS DISCHARGE DAMPER (mm WG)

[ ap Across EVASE (mm wG)

O STATIC PRESSURE @ EVASE OUTLET (mm WG)

PERFORMANCE:

BHP REQUIRED @ TEMP. (ALL LOSSES IND.)

FAN SPEED (RPM)

GUARANTEE POINT

PERFORMANCE CURVE NO.

STATIC AP ACROSS FAN (mm WG)

INLET DAMPER/VANE POSITION

DISCHARGE DAMPER POSITION

OOoOo0ooooan

FAN STATIC EFFICIENCY (%)

FAN CONTROL:
O AR sUPPLY
O CONTROL SIGNAL TYPE

SOURCE

CONTROL SIGNAL FAILURE MODE

O FAN CONTROL FURNISHED BY

SENSITIVITY RANGE

O cLose O open Q AauToLOCK

O STARTING METHOD

O ARRANGEMENT DRWG NO.

METHOD: O INLET DAMPER O OUTLET DAMPER O INLET GUIDE VANES
O STARTING CONDITIONS

O START & STOP RESTRICTIONS

O VENDOR REVIEW OF CONTROL SYSTEM REQUIRED

O oTHER
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 2 OF 10 BY
SI UNITS

1 OPERATING CONDITIONS

2|GAS ANALYSIS NORMAL RATED CONDITIONS REMARKS
3|O moL% (@] A B c D

4 MW

5{AIR 28.97

6| OXYGEN 32.00

7|NITROGEN 28.02

8| WATER VAPOR 18.02

9| CARBON MONOXIDE 28.01

10| CARBON DIOXIDE 44.01

11| HYDROGEN SULFIDE 34.08
12| HYDROGEN CHLORIDE 36.47
13| CHLORINE 70.91

14

15

16

17

18| TOTAL

19| AVG. MOL WT.
20| CORROSIVES:
21 O CORROSION/EROSION CAUSED BY
22| O CORROSION EROSION PROTECTION
23 O NACE MR-01-90 MATERIALS REQUIRED
24
25 LOCATION, SITE DATA SPECIFICATIONS
26| LOCATION: NOISE SPECIFICATIONS:
271 O INpoor O HeaTED O UNDER ROOF O APPLICABLE TO MACHINE:
28] O outboor O UNHEATED O PARTIAL SIDES See Specification
2of O GRaDE O MEzZzANINE (@] O APPLICABLE TO NEIGHBORHOOD
300 O wINTERIZATION REQD O TROPICALIZATION REQD See Specification
31| SITE DATA: AGOUSTIC HOUSING: Ovyves Ono
32| O ELEVATION m2 O BarR (ABS)/mm Hg A
23l O TEMPERATURE °C SUMMER °C WINTER
34| O winbLoaD kam? QO vELocTy KPH APPLICABLE SPECIFICATIONS:
35| O MINIMUM DESIGN METAL TEMPERATURE °c
36| UNUSUAL CONDITIONS:
371 O pust O FumEs
38| O oTHErR PAINTING:
39 O MANUFACTURER'S STD.
40 O oTHERS
41 SHIPMENT:
42 O powmEesTIc O export O EXPORT BOXING REQD.
43 O 0OUTDOOR STORAGE OVER 6 MONTHS
44 ERECTION:
45 sHippep [ AssemsLED O parTLy AssEmBLED
46 OTHER
47 O extenT oF FIELD ERECTION & ASSEMBLY
48| ELECTRICAL AREA CLASSIFICATION: MAN HOURS
49| O cLass GROUP ZONE O orrer
50| REMARKS:
51
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 3 OF 10  BY
SI UNITS
1 CONSTRUCTION FEATURES
2{ speeos: ACCESSORIES:
3 MAX CONT. RPM TRIP RPM O TEMP DETECTORS (METAL) (OIL) Q THRUST O JOURNAL
4 MAX TIP SPEEDS m/s @ RATED TYPE MFG /NO. O api670
5 m/s @ MAX. CONT. QO ENDSEALS (O LABYRINTH (O DOUBLE CONTACT
6| LaTERAL CRITICAL SPEEDS 2.7.2) O THERMOSTATICALLY CONTROLLED HEATERS O ves O no
7 FIRST CRITICAL RPM |:| pamPep L] unpampeED O ~ee MFG/NO.
8 O TRAIN LATERAL ANALYSIS REQUIRED LUBRICATION O CONSTANT LEVEL OILER(2.8.5.1) OPURE OIL MIST
9 O susmix-vrLor (COUPLED DRIVER & FAN) O purceoiLMisT O oTHER (See Pg. ©)
10| ] TorsiONAL CRITICAL SPEEDS (2.7.3): COOLANT REQUIRED O none O ar
11 FIRST CRITICAL RPM O warer m /h@ °C
12 O susmix-vpLor (COUPLED DRIVER & FAN) O rotor:
13 [0 ToRSIONAL VIBRATION ANALYSIS FOR FAN & DRIVER SHAFT LENGTH (mm) DIA. @ WHEEL mm
14 [ TRNS'NT TORS'NAL ANLYS. FOR SYNCHRNS. DRIVER UNITS MATERIAL
15 ALLOWABLE TEST LEVEL mm CONSTRUCTION
16 (Peak To Peak) TIR @ SLEEVE mm DIA. @ BEARING mm
17| Housine: SHAFT END MOVEMENTS (TOLERANCE PLUS THERMAL)
18 MATERIAL O sLaoes:
19 CONSTRUCTION No. of BLADES DIAMETERS (mm)
20|00 niET BELL TYPE (HOLLOW OR SOLID AIRFOIL, SINGLE, THICKNESS, ETC.)
21| evase (DETAIL IN PROPSAL)
22| O INsuLATIONREQUIRED Q' INSULATION STUDS BY TYPE FABRICATION
23|00 nsuLaTioN TYPE THICKNESS mm MATERIAL COATING TYPE
24| ] FAN HOUSING NEAR-CENTERLINE SUPPORT REQUIRED (2.2.5) WEAR PLATES MATERIAL
25| praNs: NossizE TYPE/LOC. HuB: O SHRINKFIT O kevep
26|CJ FAN INLET ACCESS: SPLIT FOR ROTOR REMOVAL MATERIAL CONSTRUCTION
27100 manways: SIZE mm TYPE/LOC. ROTOR WT. (Kg) Wi(Kg/m?)
28 SiZE  mmTYPE/LOC. KEY WAY: No. DIM x x mm
29 BEARING HOUSING: O MAX. HEATING / COOLING RATE / °C/MIN.
30| constrRuCTION MATERIAL O sHaFT sLeevEs:
31 BEARINGS LENGTH (mm) DIA. (mm)
32 O HypRrRODYNAMIC O ANTIFRICTION SHRINK FIT O CORROSION RESISTANT MATL.
33 MOUNTING PEDESTALS O ves O no O sharT seas:
34 SOLE PLATES O ves O no TYPE MATERIAL
35 O raoiaL BEARINGS: BUFFER OR EDUCTOR CONNECTIONS
36 MFG./No. LOAD (N) L'NGT. (mm) DIA. (mm) DETAILS:
37 INBOARD [[] MAIN CONNECTIONS (2.3) [
38 OUTBOARD INLET:  No. SIZE x AREA (m?)
39 Dn FACTOR L-10 HRS O rFLanGE sizE BOLTING
40 LOAD FACTOR O LOCATION/ORIENTATION
41 MAX. SPEED RPM @ °C O exe. sonTREQD FURN. BY
42 CLEARANCE mm OUTLET: SIZE x AREA (m?)
43 BEARING SPAN (CL - CL) mm [ FLancE size BOLTING
44 O thrusT BEARINGS: O LOCATION/ORIENTATION
45 TYPE (Dual Bell, Flat Land, Tapered Land, Tilt-Pad) O exe. sonTREGD FURN. BY
46 O MATING FLG BY VENDOR O nsveB165 O ASMEB1647
47 MFG /No. AREA mm? [L] OTHER CONNECTIONS (2.3):
48 LOADING N/m?: ACTUAL ALLOW SERVICE No. SIZE TYPE
49 Dn FACTOR L-10 HRS |LUBE OIL INLET
50 LOAD FACTOR LUBE OIL OUTLET
51 MAX. SPEED RPM @ °C |COOLING WATER INLET
52 ] THRUST COLLAR (On Inboard Bearing): TYPE: COOLING WATER OUTLET
53 TYPE ATTACHMENT: PRESSURE GAGE
54 TEMP. GAGE
55 QO INTEGRAL THRUST COLLAR REQUIRED (2.8.4.2.2) CONDENSATE DRAINS
57
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CENTRIFUGAL FAN (APl 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 4 OF 10  BY
SI UNITS

1 CONSTRUCTION FEATURES (Continued)

2|NOISE ATTENUATION: BASEPLATES & SOLEPLATES:

3] O MAX. ALLOW SOUND PRESS LEVEL pBA@  m O TRK DIRECTIONAL ADJUSTING SCREWS FOR EQUIP.

4| O prepicTED SOUND PRESS LEVEL pBa@  m O PILOT HOLES FOR DOWELS

s| [ arrenuation mETHOD O TvPE GROUT TYPE PRECOAT

6 SOLEPLATES FOR O BEARING PEDESTALS O cear

71 O FURNISHED BY O DRIVER O FAN HOUSING SUPPORTS

8| [ siLencer MFEMODEL No. BASE PLATE:

9 O COMMON (Under Fan, Gear, Driver) O FAN ALONE

10 O acousTic perr O oTHER O DIMENSIONS x x m
11 O aeroovnamic PerF m3/s °C DECKING O NON sKID O OPEN CONSTRUCTION
12 LOSS mm WG. O DRPRIM O OPEN DRAIN

13| [ accessories SUITABLE FOR O CcoLumMN or O PERIMETER SUPPORT
14| FAN CLEANING SYSTEM (2.1.22): O LEVELING PADS W/REMOVABLE COVER

15| O REQUIRED CLEANING MEDIUM O SUBSOLE PLATES REQUIRED

16| O mrrmopEL FURN BY

17l O INSTALLED BY

18| O petaLsoweNo.

19|FAN ITEMS: O corrosioN O sizemrickness O materiac O materiac
20 ALLOWANCE (INCL. CA) SPECIFICATION
21| sHaFT
22|  BLADES
23| HuB
24|  CENTERPLATE
251 sHRouDS
26|  sLEEVES
2711 sEaLs
28|  HousiNg
20|  DAMPERs
30|  GUIDE vaNES
31 RAIN HOODS
32|  INLETBELTS
33 EVASE (Discharge, Diffuser)
34|  sounDTRuck
35| INLET DUCT
36|  WEARPLATES
37|coupLINGS: DRIVER—FAN GEAR—FAN DRIVER—GEAR
38
309] O COUPLING & GUARD
40 FURNISHED BY:
41 O Tvre
o O wre
43| O mopeumumeer
44 O LUBRICATION
45] O MOUNT CPLG. HALVES
46 —FAN
47 —DRIVE
48 —GEAR
49| O SPACER LENGTH
50| O LTD. END FLOAT REQD
51 O COUPLING GUARD REQ'D
52| [ service FacTor
s3] [ cric. RATING HPI100 RPM
s/ [ «evep ornvorFiT
551 O ADAPTER (Solo) PLATE
s6] [ materiaLs
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 5 OF 10 BY
SI UNITS

4 CONSTRUCTION FEATURES (Continued)

2| ALLowABLE EXTERNAL LOADS O weichTs kg:

3 INLET DISCHARGE FAN DRIVER BASE

4 FORCE MOMT. FORCE MONT. ROTORS FAN DRIVER BASE

5 N N-m N N-m GEAR UPPER CASE

6|  AxAL SOUND TRUNK EVASE

7| VERTICAL SYSTEMS: LUBE CLEANING

8|  HoRiz. 90° CONTROL PANEL

o|VIBRATION DETECTORS: MAX. FOR MAINTENANCE (Identify)
10| © PROVISIONS FOR VIBRATION TRANSDUCERS(THREADED CONN.) TOTAL SHIPPING WEIGHT
11| FLAT SURFACES FOR MAGNETIC MOUNTED TRANSDUCERS
12| O SEISMIC SENSOR COVER(S) BY L1 space REQUIREMENTS (METERS):
13| @ PROVISIONS FOR MOUNTING NON-CONTACTING VIB. PROBES
14/ O PER API 670 COMPLETE UNIT L w H
15| SPEED DETEGTORS (On Outdoor Bearing): CONTROL PANEL L w
16| O NON-CONTACT PROBE O SPEED SWITCH L w H
17|O OTHER
18O  TYPE [ mopeL UTILITY REQUIREMENTS:
(e} MFG STEAM WATER ELECTRIC
20O LOCATION AR GAS DRIVER RATING NET LOADS
210  scALE RANGE RPM
22 MISCELLANEOUS:
23| SHOP INSPECTIONS & TESTS: REQD. OBSERVD  WIT. O VENDOR'S REVIEW & COMMENTS ON FOUNDATION DESIGN
24| SHOP INSPECTION (@) O O O VENDOR'S REV. & CMNTS ON CONTRACTOR'S DUCT DESIGN
25| CLEANLINESS INSPECTION (@) (@] (@) O TORSIONAL ANALYSIS REPORT REQUIRED
26| HARDNESS VERIFICATION (@) (o] O O TURNING GEAR, TYPE DRIVER
27|CHARPY IMPACT TESTING O O O O auto O WANUALENGAGE ) START FROMREST
28|SHAFT RUN OUT CHECK o (@] O O RAINHOOD & CAP
29|ROTOR BALANCING (@) O O O INLET AIRFILTER
30|REBAL. AFTER MOUNTING CPLG. O O (o] O INLET DAMPER
31|RESIDUAL BALANCE CHECK O (o] O O INLET GUIDE VANE
32|CALIBRT'N CK. OF BALNC'G EQUIP O (@] (o] O INLET TRASH SCREEN
33|NDT EXAMINATION @) (o] O O OUTLET DAMPER
34|ASSEMBLY & FIT UP CHECK (@) O (@] O SOUND TRUCK (INLET BOX/ SILENCER)
35|INITIAL &/or FINAL ALIGN O (@] O O BOLTING & GASKETS
36| GEAR TOOTH CNTCT. CHK. (API 677) (@) O O  |REMARKS:
37|MECHANICAL RUN TEST O O (o]
38| FULL UNIT MECHANICAL RUN TEST ®) (o] O
39|VIBRATION TEST O (@] O
40| SOUND LEVEL TEST o (@] O
41|MAT'L CERTIFICATION (@) O (@)
42| SURFACT & SUBSURFACE INSPCT. O O O
43 TYPE
44|PRESSURE TEST: o] O (o]
45|  _HOUSING (@) (o] (@)
46|  —DUCTING O (@] (o]
471  —LUBEOIL SYSTEM O (@] O
48|RUN & CHECK LUBE CONSOLE (@) O O
49|SHOP PERFORMANCE TEST O O (o]
50| PRE-SHIPMENT INSPECTION (@) O (@)
51 __DRIVER / AUX. MOUNTED O O (o]
52| QUALITY CONTROL REVIEW (@) (o] (o]
53| FIELD PERFORMANCE TEST O O O
54|OTHERS: o (@] O
55 O O O

59.
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 6 OF 10  BY
SIUNITS

1 CIRCULATING LUBE OIL SYSTEM BY LUBE OIL SYSTEM QO API 614 REQUIRED

2| PIPING MATERIALS: CARBON STAINLESS |STANBY PUMP CONTROL:

3 STEEL STEEL O RESET O MANUAL QO AUTOMATIC

4|QO COMPLETE SYSTEM QO AUTOMATIC START

5| DOWNSTREAM OF FILTERS O “ON-OFF-AUTO” SELECTOR SWITCH

6| QO RETURN PIPING RESERVOIR:

7 QO MATERIAL

8 o CARBON STEEL SLIP-ON FLANGES ON STNLESS. STEEL PIPING RETENTION TIME MIN. CAPACITY m3

9| SYSTEM COMPONENT SUPPLIERS: Q© BASEPLATE MOUNTED QO FABRICATED STEEL BASE

10, MANUFACTURER MODEL |Q) BAFFLE REQUIRED Q INTERIOR COATING

11 O mam Pump FREE SURFACE AREA m?2
12 O stanpsy PumpP Q HEATER (S) QO ELecT. QO STREAM O MINSITE o
13 O eLecTrIC MOTOR (8) Q FLTR/BRTHR. O FLANGEDVNT. HEAT-UP TIME Hrs.
14 [ steam TURBINE (5) QO PRESS. RELIEF VENT QO INSULATION SUPPORTS

15 O ol cooLer (s) O SPRING LOADED FILL CAP w/S.S. STRAINER

16 O oL FiLTER (8) OIL COOLERS:

171 O AccumuLATOR (5) O ar O water m3h @ oC
18 [ suct. sTRAINER (8) Q SsINGLE QO SsINGLE
19 D CHECK VALVE (S) Q W/ BYPASS & TEMP CNTRL. VALVE QO MANUAL Q AuTO
20 O switcH vaLve ) QO ASME CODE STAMP
21 O pump coupLING () QO HEATING STEAM BAR °c
22 [ Temp. INDicATORS Q FOUL. FACTR : SHELLSIDE TUBE SIDE
23] [0 Lp. sHUTDOWN swiTCH O make O Tvee
24| SYSTEM PRESSURES: O oury wHrR [ surrace °c
25| ] pesieN psic ] HYDROTEST PSIG Q CODE (8)
26| ] PUMP RELIEF VALVE (S) SETTINGS PSIG [ bEsieN PRESS. PSIG SHELL SIDE TUBE SIDE
27| BASIC SYSTEM REQUIREMENTS: (NORMAL OIL FLOW) [ tuses:ob. mm [] TOTAL SURFACE AREA m?2
28 O Luse o m3/h | BAR SSU @ 38°C | ssu @ 99°C WALL THICKNESS (AVE) (MIN) mm
29 FAN LENGTH mm NUMBER:
30 DRIVER [ waTerIALS
31 GEAR TUBES
32 O common LuBE sYsTEM TUBE SHEETS
33|PUMPS: MAIN STANDBY SHELL
34 QO HORIZONTAL TUBE SUPPORT
35 QO VERTICAL SHELL COVER/FLANGE
36 QO SUBMERGED ACCUMULATOR:
37 (O MOTOR DRIVEN Q SINGLE QO MuLTI
38 O TURBINE DRIVEN (O ASME CODE DESIGN O ASME CODE STAMP
39 QO SHAFTDRIVEN QO MATERIAL
40 QO CENTRIFUGAL O corrROSION ALLOWANCE (mm)
41 QO GEAR/SCREW O capacTy ToTaL) m?
42 QO FLANGE CONNECTED o [ Pre-CHARGE PRESS. (BAR)
43 O m#m (raTED) QO DIRECT CONTACT TYPE QO BLADDER TYPE
44 O aesar [ 5LADDER MATERIAL
45 [ sHP @ 100 ssu O WITH SUPPLY REGULATOR O MANU. CHARGE VALVE
46 [ oriver kw FILTERS: MFG:
47 (O CASING MATERIAL Q sINGLE QO TWIN
48 [ sreeo O ASME CODE DESIGN O ASME CODE STAMP
49 QO COUPLING QO MICRON (u)
50 O cuarp O FiLTER MEDIUM
51 O MECH. SEAL [ pesien PRESS. BAR
52| EMERGENCY LUBE OIL PUMP: O aPcLEANBAR
53 O ARMOTOR DRIVEN Q© OTHER O aPcoLLAPSE BAR
54 O SAFETY GUARD REQUIRED O casing MATERIAL
55| REMARKS: O caARTRIDGE INDENT NO.
56 QO FURNISH SET OF SPARE CARTRIDGE W/ FILTERS
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JOB NO. ITEM NO.
CENTRIFUGAL FAN (APl 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 7 OF 10 BY
SI UNITS

| INSTRUMENTATION

2| O PERAPIG14 QO OTHER

3|LOCAL CONTROL PANEL:

4| FURNISHED BY: O venoor O purchaser O otrers

s| [ ease mounTeD O rree stanoine O weatherprooF O roray enclosep O extra cutouts

ol [ visraTion 1soLATORS O strip HeATERS PURGE CONNECTIONS O wmh oors

7| ] ANNUNCIATOR WITH FIRST OUT INDICATION LOCATED ON LOCAL PANEL

8| [0 cusToMER CONNECTIONS BROUGHT OUT TO TERMINAL BOXES BY VENDOR

ol REMARKS:

10

11|INSTRUMENT SUPPLIERS:

12| PRESSURE GAGES MFR. SIZE & TYPE

13|  TEMPERATURE GAGES MFR. SIZE & TYPE

14| LEVEL GAGES MFR. SIZE & TYPE

15| DIFF. PRESSURE GAGES MFR. SIZE & TYPE

16|  PRESSURE SWITCHES MFR. SIZE & TYPE

17| DIFF. PRESSURE SWITCHES MFR. SIZE & TYPE

18|  TEMPERATURE SWITCHES MFR. SIZE & TYPE

19|  LEVEL SWITCHES MFR. SIZE & TYPE
20|  CONTROL VALVES MFR. SIZE & TYPE
21|  PRESSURE RELIEF VALVES MFR. SIZE & TYPE
22| SIGHT FLOW INDICATORS MFR. SIZE & TYPE
23| VIBRATION EQUIPMENT MFR. SIZE & TYPE
24|  TACHOMETER MFR. RANGE &TYPE
25|  SOLENOID VALVES MFR. SIZE & TYPE
26|  ANNUNCIATOR MFR. MODEL & No. POINTS
27| pamPERVANE ACTUATOR MFR. MODEL
28| O FURNISHED BY O rvee [ wax TorquE (Nm)
29 NOTE: [ SUPPLIED BY VENDOR O SUPPLIED BY PURCHASER
30|PRESSURE GAGE REQUIREMENTS: LOCALLY LOCAL LOCALLY LOCAL
31|FuncTION MOUNTED PANEL FUNCTION MOUNTED PANEL
32| LUBE OIL PUMP DISCHARGE O @) FAN DISCHARGE O Oo
33|  LUBEOILFILTER AP Oo Oo CONTROL AR Oo Oo
34|  LUBEOIL sUPPLY Oo Oo FAN SUCTION Oo Oo
35 Oo Oo Oo Oo
36 Oo Oo Oo Oo
37| TEMP. GAGE REQUIREMENTS: LOCALLY LOCAL LOCALLY LOCAL
38|FuNCTION MOUNTED PANEL FUNCTION MOUNTED PANEL
30|  LUBEOIL TO BEARINGS Oo Oo OIL COOLER INLET & OUTLET Oo Oo
40|  DISCHARGE FROM EACH Oo Oo FAN SUCTION Oo Oo
41 PINION JOURNAL BEARING Oo Oo Oo Oo
42| BULL GEAR JOURNAL BEARING Oo Oo Oo Oo
43| FANTHRUST BEARING Oo Oo Oo Oo
44| DRIVER JOURNAL BEARING Oo Oo Oo Oo
45|  DRIVER THRUST BEARING Oo Oo Oo Oo
46|  GEAR THRUST BEARING Oo Oo Oo Oo
471 FAN JOURNAL BEARING Oo Oo Oo Oo
48 Oo Oo Oo Oo
49|SWITCH CLOSURES:
50|  ALARMCONTACTS SHALL: O oren O cLosE To SOUND ALARM AND BE NORMALLY O eneroizen O oeeneraizen
51|  SHUTDOWN CONTACTS SHALL: O oren O cLose 1o TRIP AND BE NORMALLY O eneroizen O oeeneraizen
52 NOTE: NORMAL CONDITION IS WHEN FAN IS IN OPERATION.
53| REMARKS:
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JOB NO. ITEM NO.

CENTRIFUGAL FAN (API 673-2ND. EDITION) REVISION DATE
DATA SHEET PAGE 8 OF 10 BY
Sl UNITS

13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

INSTRUMENTATION (Continued)

MISCELLANEOUS:

ALARM AND SHUTDOWN SWITCHES SHALL BE SEPARATE.

ELECTRICAL AND INSTRUMENT CONNECTIONS WITHIN THE CONFINES OF THE FAN BASE SHALL BE BROUGHT OUT TO TERMINAL BOXES.

COMMENTS REGARDING INSTRUMENTATION:

ALARM & SHUTDOWN SWITCHES:

FUNCTION ALARM TRIP FUNCTION ALARM TRIP
O O LowLuse ol PressURE O O ranvisraTion

O O HiLuee oL FILTER AP O O ranaxiaL rosiTion

O O Lowiuse oL rResErvE LevEL O O oriver visraTion

O O aux Luse oL Pump sTART O O oriver axiaL PosiTioN
O O HiNLET AR FILTER AP O O ranmoTor sHUTDOWN
Oo O O wiranTHRUST BRG. TEMP.
Oo O O HiprivER THRUST BRG. TEMP.
Oo Oo

MISCELLANEOUS INSTRUMENTATION:

0 O si6HT FLOW INDICATORS: EACH JOURNAL & THRUST BEARING OIL RETURN LINE

[0 O Level cauces, LusE oIl RESERVOIR (5)

O O visraTION READOUT EQUIPMENT

0 © vigraTion READ OUT LOCATED ON: O ocaranee O orrer

O O ranspeeD Pick-uP DEVICES

O O ranspeeD NDicATORS

0 O ran spEED NDICATORS LOCATED ON: O ocacpraner O omHer

[0 O ALARM HORN & ACKNOWLEDGEMENT SWITCH

Oo

Oo

Oo

REMARKS:
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JOB NO. ITEM NO.

ELECTRONIC MOTOR (API 673-2ND. EDITION) REVISION DATE

DATA SHEET PAGE 9 OF 10 BY
S| UNITS

1|aPPLICABLE TO: O pRrRoPOSAL O PURCHASE O assuLT
2|For UNIT
3|sITE DRIVEN EQUIP.
4|sErvICE NO. REQUIRED
5|MANUFACTURER MODEL SERIAL NO.
6|NOTE: INFORMATION TO BE COMPLETED O BY PURCHASER O sy manuFAcTURER
7 MOTOR DESIGN DATA
8|APPLICABLE SPECIFICATIONS: VIBRATION:
o] O NEma O NEMA STANDARD O
10 (@) NOISE
11|SITE DATA: O NEMA STANDARD (o]
1z|larea: O cL. GR. ZN. O N-HAZARDOUS  [THRUST:
B Oammuoe  m O aMBENTTEMPS:  MAX  °C O wax mMoTor THRUST N
14|unusuaL conomons O pust O Fumes MIN  °C |REMARKS:
15] O OTHER
16|DRIVE SYSTEM: O DIRECT CONNECTED
17 O cear
18 O oTHER
19| TYPE MOTOR:
20| O sQUIRREL CAGE INDUCTION O NEmA DESIGN
21 O syNCHRONOUS
2 O POWER FACTOR REQD
23 excitaTioN: QO BrusHless O sLPRING
24 O FIELD DISCHARGE RESISTOR BY MOTOR MFR. ACCESSORY EQUIPMENT
25 O WOUND ROTOR INDUCTION O BASEPLATE O soLEPLATE QO STATORSHIFT
sl O O WFR. STD. FANS O NONSPARKING FANS
27| ENCLOSURE: O D.C. EXCITATION:
28| O cLass GROUP exp. proor| [ kwrean. VOLTS
20| O TEFC BY: O PURCHASER O MANUFACTURER
30| O TEWAC O TEIGF, USING cAs|  DESCRIPTION
31| O DOUBLE WALL CARBON STEEL TUBES O ENCLOSED COLLECTOR RINGS:
32 O WATER sUPP.: PRESS. BAR  TEMP. c O PuURGED MEDIUM PRESS BAR
s3] O waTERALLOW. AP  BAR&TEMP RISE c O EXPLOSION-RESISTANT NONPURGED
34| O WATER SIDE MIN CORR. ALLOW. mm O FORCE VENTILATION
35 AND FOUL FACTOR O cem PRESS. DROP mm HyO
38| O (AIR) (GAS) SUPPLY PRESS. BAR| O BEARING TEMP. DEVICES:
7l O O Location
38| O WEATHER PROTECTED TYPE O oescripTion
30| O FORCED VENTILATION O sere °C FOR ALARM >C FOR SHUTDN.
40| O OPEN-DRIPPROOF SPACE HEATERS:
41| O oren O kw O VOLT PHASE HERTZ
2|0 O MAX SHEATH TEMP. °C
43| BASIC DATA: WINDING TEMPERATURE DETECTORS:
pile; VOLTS PHASE HERTZ O THERMISTORS No./PHASE
45| namePLATE HP SERVICE FACTOR Tvre: O POS. TEMP. COEFF. O NEG. TEMP. COEFF.
46| O SYNCHRONOUS RPM TEMPERATURE SWITCH O ves O no
47| O INSULATION CLASS TYPE O RESISTANCE TEMP. DETECTORS: No/PHASE
48| O TEMP. RISE: °C ABOVE *c BY O resistance AT, OHM
49| sTARTING: SLCTR. SWITCH & INDICATOR BY: O purcHR. O Mrr.
50[ O FULL voLTAGE O REDUCED VOLTAGE % O wax sTator winDING TEMPS:
51O LoADED O UNLOADED °C FOR ALARM C FOR SHUTDOWN
52| O voLTAGE DIP %
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ELECTRONIC MOTOR (API 673-2ND. EDITION)
DATA SHEET
SIUNITS

JOB NO. ITEM NO.
REVISION DATE
PAGE 10 OF 10 BY

ACCESSORY EQUIPMENT, (Cont'd)

MANUFACTURER'S DATA, (Cont'd)

Copyright American Petroleum Institute
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2|WINDING TEMP, DETECTOR & SPACE HEATER LEADS: FIELD DISCHARGE RESISTOR OHMS
3] O IN SAVE CONDUIT BOX RATED EXCITATION FIELD VOLTAGE D.C.
4l O IN SEPARATE CONDUIT BOXES RESISTANCE OF EXCITATION FIELD @ 25°C OHMS
5/Q MOTOR ARRANGED FOR DIFFERENTIAL PROTECTION: EXCITATION FIELD AMPS @ FULL LOAD & RATED P F.
6] O SELF-BALANCE PRIMARY-CURRENT METHOD EXCITATION FIELD AMPS: MAX. MIN.
71 O c.T.DESCRIPTION exciraTioN FIELD L1 RHEOSTAT O Fixep resisTor REQD
8| O EXTENDED LOADS LENGTH m SUPPLIED BY
9|QO SURGE CAPACITORS BEARINGS: TYPE LUBR.
10|Q© LIGHTING ARRESTERS LUBE OIL REQUIRED: mh @ BAR
11|/O c.T. FOR AMMETER TOTAL SHAFT END FLOAT
12| O DESCRIPTION LIMIT END FLOAT TO
13| MAIN CONDUIT BOX SIZED FOR: MOTOR ROTOR: O sowo O seur
14/ O MAIN MOTOR LEADS O Tvre MOTOR HUB O sowo O seur
15| O INSULATED O NONINSULATED FOR TEWAGC &TEIGF MOTORS:
16| ¢T.s FOR DIFF. PROTECT. (MTD. BY ) COOLING WATER REQD m i
17| Q' SURGE CAPACITORS (MTD. BY ) C.W. TEMP. RISE °C  PRESS. DROP BAR
18| O LIGHTNING ARRESTERS (MTD. BY ) (AIR) (GAS) REQ'D M/ PRESS. MAINT. mm HyO|
19| Q' ¢.T. FOR AMMETER (MTD. BY ) |CURVES REQ'D BASED ON MOTOR SATURATION @ RATED VOLTAGE:
20| O SPACE FOR STRESS CONES O SPEED vs TORQUE (ALSO @ % RATED VOLTAGE)
21O ARFILTERS O SPEED vs POWER FACTOR
2| O wmer O rvee O SPEED vs CURRENT
23 D MANUFACTURER'S DATA WEIGHTS (Kg):
24| MANUFACTURER NET WEIGHT SHIPPING WT.
25|FRAME No. FULL LOAD RPM (Ind.) ROTOR WEIGHT MAX. ERECTION WT.
26|EFFICIENCY: FLL. YL 2L MAX. MAINT. WT (Identify)
27|PWR. FACTOR (Ind.): FL. 4L 2L DIMENSIONS (METERS):
28| CURRENT (Rated Volt.): FULL LOAD LOCKED ROTOR L w H
29|LOCKED ROTOR POWER FACTOR SHOP INSPECTION AND TESTS
30|LOCKED ROTOR WITHSTAND TIME (Cold Start) REQUIRED OBSERVED WITNESS
31| TORQUES (FT-LBS): FULL LOAD SHOP INSPECTION (@) (@] (@]
32|  LOCKED ROTOR STARTING (Syn) TESTING PER NEMA O O (@]
33 PULL-UP (Ind)) PULL-IN (Syn.) MFR. STD. SHOP TESTS (o] (@] O
34  BREAKDOWN (ind) PULL-OUT (Syn.) IMMERSION TEST O O O
35 SPECIAL TESTS (List Below)
36/OPEN CIRCUIT TIME CONSTANT (SEC.) (o] (@] O
37| SYMMETRICAL CONTRIBUTION TO 35 TERMINAL FAULT: O (@] (@]
38|AT 12 CYCLES AT 5 CYCLES O @] O
39| REACTANCES: SUB-TRANSIENT (X'd) O (@] (@]
40|  TRANSIENT (Xd) SYNCHRONOUS (Xq) COUPLING:
41|A.C. STATOR RESISTANCE OHMS@ .c |O suppLEDBY
42|RATED KVA O wrr. O vooee
43|KVA INRUSH @ FULL VOLT. & LOCKED ROTOR (SYN.) % |O motormrr. O ranmrr. O PUCH. TO MOUNT MTR. HALF
44|KVA @ FULL VOLTAGE & 95% SPEED % |PAINTING:
45|MAX. LINE CURR. IN STATOR ON 1st SLIP CYC. @ PULL-OUT O MANUFACTURER'S STANDARD
6| (SYN) @)
47| ACCELERATION TIME (Motor Only @ Rated Volt.) SEC. |SHIPMENT:
48| ACCEL. TIME (Motor & Load @ 85% Rated Volt.) sec.|O pomesTic O exporT O EXPORT BOXING REQUIRED
49| ROTOR/FIELD WK” @ MOTOR SHAFT (Kg-m_) O 0UT DOOR STORAGE OVER 6 MONTHS
50| ROTATION FACING COUPLING END (@]
51|NO. OF STARTS PER HOUR
52|REMARKS:
64
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Figure D-1—Maximum Residual Specific Unbalance Corresponding to Balance Quality Grade G2.5 (ANSI $2.19)
(Shown in Customary Units)
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Figure D-2—Maximum Residual Specific Unbalance Corresponding to Balance Quality Grade G2.5 (ANSI $2.19)
(Shown in SI Units)
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APPENDIX E—PROCEDURE FOR DETERMINATION OF RESIDUAL UNBALANCE

E.1 General

This appendix describes the procedure to be used to deter-
mine residual unbalance in machine rotors. Although some
balancing machines may be set up to read out the exact
amount of unbalance, the calibration can be in error. The only
sure method of determining is to test the rotor with a known
amount of unbalance.

E.2 Residual Unbalance

Residual unbalance is the amount of unbalance remaining
in a rotor after balancing. Unless otherwise specified, residual
unbalance shall be expressed in g-mm (g-in).

E.3 Maximum Allowable Residual
Unbalance

E.3.1 The maximum allowable residual unbalance, per
plane, shall be calculated according to the paragraph from the
standard to which this appendix is attached.

E.3.2 The static weight on each journal shall be deter-
mined by physical measurement. (Calculation methods may
introduce errors). Do NOT simply assume that rotor weight
is equally divided between the two journals. There can be
great discrepancies in the journal weight to the point of
being very low (even negative on over-hung rotors). In the
example problem, the left plane has a journal weight of
530.7 kg (1170 1b.). The right plane has a journal weight of
571.5 kg (1260 1b.).

E.4 Residual Unbalance Check
E.41 GENERAL

E.41.1 When the balancing machine readings indicate that
the rotor has been balanced within the specified tolerance, a
residual unbalance check shall be performed before the rotor
is removed from the balancing machine.

E.4.1.2 To check the residual unbalance, a known trial
weight is attached to the rotor sequentially in six equally
spaced radial positions (60 degrees apart), each at the same
radius. (i.e., same moment [g-in.]). The check is run at each
balance machine readout plane, and the readings in each
plane are tabulated and plotted on the polar graph using the
procedure specified in E4.2.

E.42 PROCEDURE

E.4.2.1 Select a trial weight and radius that will be equiva-
lent to between one and two times the maximum allowable
residual unbalance (e.g., if Upax is 488.4 g-mm [19.2 g-in.]),
the trial weight should cause 488.4 to 976.8 g-mm (19.2 to

Copyright American Petroleum Institute
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38.4 g-in.) of unbalance]. This trial weight and radius must be
sufficient so that the resulting plot in E 4.2.5 encompasses the
origin of the polar plot.

E.4.2.2 Starting at a convenient reference plane (i.e., ~
last heavy spot), mark off the specified six radial positions
(60-degree increments) around the rotor. Add the trial
weight near the last known heavy spot for that plane. Ver-
ify that the balance machine is responding and is within
the range and graph selected for taking the residual unbal-
ance check.

E.4.2.3 \Verify that the balancing machine is responding
linearly (i.e., no faulty sensors or displays) sufficient display
near balance and within range at largest unbalance. If the trial
weight was added to the last known heavy spot, the first meter
reading should be at least twice as much as the last reading
taken before the trial weight was added. Little or no meter
reading generally indicates that the rotor was not balanced to
the correct tolerance, the balancing machine was not sensitive
enough, or that a balancing machine fault exists (i.e., a faulty
pickup). Proceed, if all OK.

E.4.2.4 Remove the trial weight and rotate the trial
weight to the next trial position (that is, 60, 120, 180, 240,
300 and 360 degrees from the initial trial weight position).
Repeat the initial position as a check for repeatability on the
Residual Unbalance Worksheet. All verification shall be
performed using only one sensitivity range on the balance
machine.

E.4.2.5 Plot the balancing machine amplitude readout ver-
sus angular location of trial weight (NOT balancing machine
phase angle) on the Residual Unbalance Worksheet and cal-
culate the amount of residual unbalance (refer to worksheets,
Figures E-3 and E-5).

Note: The maximum reading occurs when the trial weight is placed
at the rotor’s remaining heavy spot; the minimum reading occurs
when the trial weight is placed opposite the rotor’s heavy spot (light
spot). The plotted readings should form an approximate circle
around the origin of the polar chart. The balance machine angular
location readout should approximate the location of the trial weight.
The maximum deviation (highest reading) is the heavy spot (repre-
sents the plane of the residual unbalance). Blank work sheets are
Figures E-1 and E-2.

E.4.2.6 Repeat the steps described in E.4.2.1 through
E.4.2.5 for each balance machine readout plane. If the speci-
fied maximum allowable residual unbalance has been
exceeded in any balance machine readout plane, the rotor
shall be balanced more precisely and checked again. If a bal-
ance correction is made in any balance machine readout
plane, then the residual unbalance check shall be repeated in
all balance machine readout planes.
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4.2, or stack component balanced rotors, a resiqua ote 1: 1s ensures that time 18 not wasted and rotor components
E427 F k comp balanced , aresidual  Note 1: Thi hat time i d and .
unbalance check shall be performed after the addition and are not subjected to unnecessary material removal in attempting to
balancing of the rotor after the addition of the first rotor com- balance a multiple component rotor with a faulty balancing machine.
ponent, and at the completion of balancing of the entire rotor, Note 2: For large multi-stage rotors, the journal reactions may be

as a minimum. considerably different from the case of a partially stacked to a com-
pletely stacked rotor.
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Customer:

Job / Project Number:

OEM Equipment S/ N:

Rotor Identification Number:

Repair Purchase Order Number:

Vendor Job Number:

Correction Plane (Left or Right)—use sketch

Balancing Speed

Maximum Rotor Operating Speed (N)

(plane)

(rom)
(rom)

Static Journal Weight Closest to This Correction Plane (W)

(kg)

(Ib.)

Trial Weight Radius (R)—the radius at which the trial weight will be placed

(mm)

(in.)

Calculate Maximum Allowable Residual Unbalance (U ax):
Si Units:

Umax = (6350) x (W) = (6350) _x | = | | (g-mm)
(N) |

Customary Units:

Umax = (134 x (W) = (1134) x | = | |(g-in.)
(N)

Calculate the trial unbalance (TU):

Trial Unbalance (TU) is between (1 X Up4y) and (2 x Upjay) (1x) to (2 x)

S| Units: to =
Customary units: to =
Calculate the trial weic[;Jht (TW):
Trial Weight (TW) = Upgx = g-mm or g-in.
R mm in.
Conversion Information:
1kg =2.2046 Ib. 10z.=28.345¢

Obtain the test data and complete the table: Sketch the rotor configuration:

Test Data Rotor Sketch

Position Trial Weight
Angular Location

on Rotor (degrees)

Balancing Mach Readout
Amplitude | Phase Angle
(grams) (degrees)

0

60

120

180

240

|| [WIN(=

300

Repeat 1 0

PROCEDURE:
Step 1:  Plot the balancing machine amplitude versus trial weight angular location on the polar chart
(Figure E-2) such that the largest and smallest values will fit.

Step 2:  The points located on the Polar Chart should closely approximate a circle. If it does not,
then it is probably that the recorded data it is in error and the test should be repeated.

Step 3:  Determine the maximum and minimum balancing machine amplitude readings.

Step 5:  Using the worksheet, (Figure E-2), determine the Y and Z values required for the residual
unbalance calculation.

Step 6:  Using the worksheet, (Figure E-2), calculate the residual unbalance remaining in the rotor.

Step 7:  Verify that the determined residual unbalance is equal to or less than the maximum allowable
residual unbalance (Uyqx)-

NOTES:

1) The trial weight angular location should be referenced to a keyway or some other permanent
marking on the rotor. The preferred location is the location of the once-per-revolution mark
(for the phase reference transducer).

2) The balancing machine amplitude readout for the Repeat of 1 should be the same as Position 1,
indicating repeatability.

3) A primary source for error is not maintaining the same radius for each trial weight location.

Balanced By: Date:
Approved By: Date:

Figure E-1—(Blank) Residual Unbalance Work Sheet

(Selected Multipli

er is)

(g-mm)

(g-in.)
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Figure E-2—(Blank) Residual Unbalance Polar Plot Work Sheet
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Customer: ABC Refining Co:
Job / Project Number: 00-1234

OEM Equipment S / N: C-1234

Rotor Identification Number: 1234:C-4320
Repair Purchase Order Number: PO 12345678

Vendor Job Number:

Shop-00-1234

Correction Plane (Left or Right)—use sketch Left

(plane)

Balancing Speed
Maximum Rotor Operating Speed (N)
Static Journal Weight Closest to This Correction Plane (W)

Trial Weight Radius (R)—the radius at which the trial weight will be placed

Calculate Maximum Allowable Residual Unbalance (Uyx):
Si Units:

Umax = (6350) x (W) = (6350) x 530.7
(N) 6900

Customary Units:

Umax = (1134 x (W) = (1134) x 1170
(N) 6900

Calculate the trial unbalance (TU):
Trial Unbalance (TU) is between (1 x Umax) and (2 x Upax)
S| Units:
Customary units:
Calculate the trial weight (TW):

Trial Weight (TW) = Upay = 781
R

381

Conversion Information:
1kg=22046 Ib. 10z.=28345¢g

Obtain the test data and complete the table:

g-mm
mm

[4884 ](g-mm)

(grin.)

(1x) to (2x)
488.4 to 976.8
19.2 to 38.5
or 31 g-in.
15 in.

800 | (rpm)
8900 | (rpm)
530.7|(kg)

3811 (mm)

(Selected Multiplier is)

(ib)
(in)

1.6

is [ 7814 |(g-mm)

is (g-in.)

= [21 |

Sketch the rotor configuration:

Rotor Sketch

Test Data
Position Trial Weight Balancing Mach Readout
Angular Location Amplitude |Phase Angle
on Rotor (degrees) (grams) (degrees
1 0 1.60 358
2 60 1 59
3 120 1.58 123
4 180 221 182
5 240 3.00 2414
6 300 230 301
Repeat 1 0 158 359 Left Plane
PROCEDURE:
Step 1:  Plot the balancing machine amplitude versus trial weight angular location on the polar chart
(Figure E-4) such that the largest and smallest values will fit.
Step 2:  The points located on the Polar Chart should closely approximate a circle. If it does not,

then it is probably that the recorded data it is in error and the test should be repeated.

Right Plane

Step 3:  Determine the maximum and minimum balancing machine amplitude readings.

Step 5:  Using the worksheet, (Figure E-4), detemine the Y and Z values required for the residual
unbalance calculation.

Step 6:  Using the worksheet, (Figure E-4), calculate the residual unbalance remaining in the rotor.

Step 7:  Verify that the determined residual unbalance is equal to or less than the maximum allowable
residual unbalance (U, 5)-

NOTES:

1) The trial weight angular location should be referenced to a keyway or some other permanent
marking on the rotor. The preferred location is the location of the once-per-revolution mark

{for the phase reference transducer).

2) The balancing machine amplitude readout for the Repeat of 1 should be the same as Position 1,

indicating repeatability.

3) A primary source for error is not maintaining the same radius for each trial weight location.

Balanced By: CJd TR &RC
Approved By: CcC

Date:
Date:

05/24/00
05/24/00

Figure E-3—Sample Residual Unbalance Work Sheet for Left Plane
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Customer:

Job / Project Number:

OEM Equipment S/ N:

Rotor Identification Number:
Repair Purchase Order Number:

ABC Refining Co:

00:1234

C-1234

1284:C-4320

PO 12345678

Vendor Job Number: Shop-00-1234
Correction Plane (Left or Right)—use sketch Left (plane)

RESIDUAL UNBALANCE POLAR PLOT

Rotor Rotation: K ccw Phase is layed out: O CCW
O cw K cw
Calculate Y and Z values:
Maximum amplitude value is: 3.00 grams Minimum amplitude value is: 1.1 grams
Y = (Maximum - Minimum) / 2 ( 3.00 - 1.11)) /2 = 0.9
Z = (Maximum + Minimum) / 2 ( 3.00 + 1.11)) /2 = 2.1
Residual Unbalance
Leftin Rotor = (TY) X @) / 4]
Sl Units: 781 X 0.95 / 2.06 = 359.3 g-mm
Customary Units: 31 X 0.95 / 2.06 = 14.1 g-in

Allowable Unbalance Tolerance = Umax = 488.4 g-mm g-in.

RESULT: Residual unbalance left in the rotor is equal to or less than the allowable unbalance tolerance?

D As Received O Final x Other: w/o trim hardware
Balanced By: CJ; TR &RC Date: 05/24100
Approved By: cC Date: 05/24100

Figure E-4—Sample Residual Unbalance Polar Plot Work Sheet for Left Plane
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Customer: ABC Refining Co:
Job / Project Number: 00-1234
OEM Equipment S/ N: C:1234
Rotor Identification Number: 1234-C-4320
Repair Purchase Order Number: PO 12345678
Vendor Job Number: Shop-0-1234
Correction Plane (Left or Right)—use sketch Right (plane)
Balancing Speed 800 [(rpm)
Maximum Rotor Operating Speed (N) 6900 |(rpm)
Static Journal Weight Closest to This Correction Plane (W) 571.5 |(kg) [ 1260 |(Ib.)
Trial Weight Radius (R)—the radius at which the trial weight will be placed 203 |(mm) 8 |(in.)
Calculate Maximum Allowable Residual Unbalance (U, ax):
Si Units:
Umax = (6350) x (W) = (6350) x 5715 = [[525.9 |(g-mm)
(N) 6900
Customary Units:
Unax = (1134 (W) = (1134) x 1260 = [ 207 J(g-in)
(N) 6900

Calculate the trial unbalance (TU):

Trial Unbalance (TU) is between (1 X Uy, 54) and (2 X Upyay)

Calculate the trial weight (TW):

Sl Units:

Customary units:

Trial Weight (TW) = Umax 842
R 203
Conversion Information:
1 kg = 2.2046 |b. 10z.=28345g
Obtain the test data and complete the table:
Test Data
Position Trial Weight Balancing Mach Readout
Angular Location  |Amplitude Phase Angle
on Rotor (degrees) (grams) (degrees)
1 0 4.60
2 60 4.20 58
3 120 4.70 121
4 180 5.20 180
5 240 5.80 235
6 300 5.10 301
Repeat 1 0 4:60 2
PROCEDURE:

(1x) to (2x)  (Selected Multiplier is) 1.6

525.9 to 1051.9 is 8415

(g-mm)

20.7 to 414 is (g-in.)

g-mm or 33 gin. =
mm 8 in.

Sketch the rotor configuration:

Rotor Sketch

Left Plane

Step 1:  Plot the balancing machine amplitude versus trial weight angular location on the polar chart
(Figure E-6) such that the largest and smallest values will fit.

Step 2:  The points located on the Polar Chart should closely approximate a circle. [f it does not,
then it is probably that the recorded data it is in error and the test should be repeated.

Step 3:  Determine the maximum and minimum balancing machine amplitude readings .

Step 5:  Using the worksheet, (Figure E-6), determine the Y and Z values required for the residual

unbalance calculation.

Step 6:  Using the worksheet, (Figure E-6), calculate the residual unbalance remaining in the rotor.
Step 7:  Verify that the determined residual unbalance is equal to or less than the maximum allowable
residual unbalance (U, ax)-

NOTES:

1) The trial weight angular location should be referenced to a keyway or some other permanent
marking on the rotor. The preferred location is the location of the once-per-revolution mark
(for the phase reference transducer).

2) The balancing machine amplitude readout for the Repeat of 1 should be the same as Position 1,

indicating repeatability.

3) A primary source for error is not maintaining the same radius for each trial weight location.

Balanced By: CJ, TR &RC

Approved By: cC

Date:
Date:

05/24/00
05/24/00

Figure E-5—Sample Residual Unbalance Work Sheet for Right Plane
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Customer: ABC Refining Co.

Job / Project Number: 001234

OEM Equipment S/ N: C-1234

Rotor Identification Number: 1234-C-4320

Repair Purchase Order Number: PO 12345678

Vendor Job Number: ‘Shop-00-1234

Correction Plane (Left or Right)—use sketch ‘Right {plane)

RESIDUAL UNBALANCE POLAR PLOT

Rotor Rotation: X CCwW Phase is layed out: O CCwW
CwW x CwW
Calculate Y and Zvalues:
Maximum amplitude value is: 5.80 grams Minimum ampltude value is: 4.20 grams
Y = (Maximum - Minimum) /2 ( 5.80 - 420y /2 = 0.8
Z= (Maximum + Minimum) / 2 ( 5.80 + 420y /2 = 5.0

Residual Unbalance

Leftin Rotor = (TU) X &3] / (2
Sl Units: 842 X 0.8 / 5 = 134.6 g-mm
Customary Units: 33 X 0.8 / 5 = 5.3 g-in.

Allowable Unbalance Tolerance = Umax = 525.9 g-mm 20.7 g-in.

RESULT: Residual unbalance left in the rotor is equal to or less than the allowable unbalance tolerance?

PASS
D As Received D Final x Other:_w/o trim hardware
Balanced By: CJ, TR&RC Date: 05/24/00
Approved By: cC Date: 05/24/00

Figure E-6—Sample Residual Unbalance Polar Plot Work Sheet for Right Plane
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APPENDIX F— CENTRIFUGAL FANS VENDOR
DRAWING AND DATA REQUIREMENTS

This appendix consists of a sample distribution record (schedule), followed by a descrip-
tion of the items that are presented numerically in the schedule.
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JOB NO. ITEMNO. ___
CENTRIFUGAL FAN PURCHASE ORDER NO. DATE
VENDOR DRAWING AND REQUISITIONNO. _______ _____ DATE
DATP? REQUIREM(IE:‘NTS INAYIRY NO. DATE
PAGE OF BY
FOR REVISION
SITE UNIT
SERVICE NO. REQUIRED
Proposal® Bidder shall furnish __ copies of data for all items indicated by an X.
Review? Vendor shall furnish __ copiesand ______ transparencies of drawings and data indicated.
Final® Vendor shall furnish __ copiesand ______ transparencies of drawings and data indicated.

Vendor shall furnish

operating and maintenance manuals.

Final—Received from vendor
Final—Due from vendor®

DISTRIBUTION Review—Returned to vendor
RECORD Review—Received from vendor
Review—Due from vendor®
' v ' FAN
1. Certified dimensional outline drawing and list of connections
2. Cross-sectional drawing and bill of materials
3. Rotor assembly drawing and bill of materials
4. Thrust bearing assembly drawing and bill of materials
5. Journal bearing assembly drawing and bill of materials
6. Shaft sleeve and seal drawing and bill of materials
7. Shaft/coupling assembly drawing and bill of materials
8. Silencer(s), intake cap(s) or hood(s), trash screen(s), and transition piece(s) drawing
9. Inlet damper(s)/vane(s) assembly drawing(s) and bill of materials
10. Discharge damper assembly drawing and bill of materials
11. Control system drawing and bill of materials
12. Cleaning system drawing and bill of materials
13. Electrical and instrumentation schematics and bill of materials
14. Electrical and instrumentation arrangement drawing and list of connections
15. Lube/control oil schematic and bill of materials
16. Lube oil assembly and arrangement drawing
17. Lube oil component drawings and data
18. Performance curves
19. Vibration analysis data
20. Lateral critical speed analysis (optional)
21. Torsional critical speed analysis
22. Transient torsional analysis
23. Allowable flange loadings
24. Coupling alignment diagram
25. Weld procedures
26. Performance test log
27. Mechanical run test logs
28. Rotor balance logs
29. Rotor mechanical and electrical runout
30. “As-built” data sheets
31. “As-built’ dimensions
32. Field installation instructions
33. Operating and maintenance manuals
34. Spare parts recommendation and price list

aProposal drawings and data do not have to be certified or “as-built.”

bPurchaser will indicate in this column the time frame for submission of materials using the nomenclature given at the end of this form.
CBidder shall complete these two columns to reflect his actual distribution schedule and include this form with his proposal.
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CENTRIFUGAL FAN JOB NO. ITEM NO.
VENDOR DRAWINGS PAGE OF BY
AND DATA REQUIREMENTS DATE ______ REV. NO.
Proposal® Bidder shall furnish __ copies of data for all items indicated by an X.
Review? Vendor shall furnish __ copiesand ______ transparencies of drawings and data indicated.
Final® Vendor shall furnish __ copiesand ______ transparencies of drawings and data indicated.
Vendor shall furnish __ operating and maintenance manuals.

Final—Received from vendor

Final—Due from vendor®

DISTRIBUTION Review—Returned to vendor
RECORD Review—Received from vendor
Review—Due from vendor®

' ' MOTOR *

35. Certified dimensional outline drawing

36. Cross-sectional drawing and bill of material

37. “As-built” data sheet

38. Performance data

39. Certified drawings of auxiliary systems

40. Operating and maintenance manuals

41 Spare parts recommendation and price list

GEAR

42. Certified dimensional outline drawing and list of connections

43. Cross-sectional drawing and bill of materials

44. Thrust bearing assembly drawing and bill of materials

45. Journal bearing assembly drawing and bill of materials

46. “As-built” data sheets

47. Mechanical run test log

48. Gear test logs

49. Specified operational test data and reports

50. Operating and maintenance manuals

51. Spare parts recommendation and price list

GENERAL

52. Engineering, fabrication, and delivery schedule (progress reports)

53. List of drawings

54. Shipping list

55. Technical data manual

56. Material Safety Data Sheets

57. Preservation, packaging, and shipping procedures

58. Bearing babbitt strength versus temperature curves

aProposal drawings and data do not have to be certified or “as-built.”
bPurchaser will indicate in this column the time frame for submission of materials using the nomenclature given at the end of this form.

CBidder shall complete these two columns to reflect his actual distribution schedule and include this form with his proposal.

Notes:
1. Vendor shall not proceed with manufacture without purchaser’s review of drawings if required by 6.2.1.2.
2. Send all drawings and data to

3. All drawings and data must show project, appropriation, purchase order, and item numbers in addition to the plant loca-
tion and unit. One set of the drawings/instructions necessary for field installation must be forwarded with shipment in
addition to copies specified above.

4. See expanded description below of specified items.

5. All of the requested information indicated above shall be received before final payment will be made.

Nomenclature:

777777777 S—number of weeks prior to shipment.

_ F—number of weeks after firm order.

D—number of weeks after receipt of approved drawings.

Vendor
Date Vendor Reference
Signature

(Signature acknowledges receipt of all instructions)
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DESCRIPTION

1. Certified dimensional outline drawing including:
a. The size, rating, and location of all customer connections.
Approximate overall handling weights.
Overall dimensions.
. Shaft centerline height.

Dimensions of baseplates (if furnished) complete with diameter, number, and locations of bolt
holes and thickness of metal through which the bolts must pass, recommended clearances, center
of gravity, and details for foundation design.

o oo o

f. Direction of rotation.

2. Cross-sectional drawings and bill of materials including:
Journal bearing clearances and tolerance.

Rotor float (axial).

Seal clearances and tolerance.

Outside diameter of wheel at blade tip.

Axial overlap of the inlet cone and impeller.

o oo TP

Radial clearance between the inlet cone and impeller.

3. Rotor assembly drawing including:
a. Axial position from a thrust collar face to:
1. The impeller (each inlet side).
2. Each radial probe.
3. Each journal bearing centerline.
4. The phase angle notch.
5. Coupling face or end of shaft.
b. Thrust collar assembly details including:
1. Collar-shaft fit with tolerance.
2. Concentricity (or axial run-out) tolerance.
3. The surface finish requirements for collar faces.
4. The preheat method and temperature requirements for “shrunk-on” collar installation and removal.
5. Required torque for locknut.
¢. Dimensioned shaft end(s) for coupling mounting.
d. The bill of materials.

4. Thrust bearing assembly drawing and bill of materials.
5. Journal bearing assembly drawing and bill of materials.

6. Shaft sleeve and seal drawing and bill of materials including:
a. Sleeve-shaft fit with tolerance.
b. Surface finish requirements for sleeve.
¢. Seal clearances and tolerances.
d. The preheat method and temperature requirements for “shrunk-on” sleeve installation and removal.
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7.  Shaft/coupling assembly drawing and bill of materials including allowable misalignment tolerances.
Hydraulic mounting procedure.

Shaft end gap and tolerance.

Coupling guards.

. Thermal growth.

Make, size, and serial number.

™o o o

Balance tolerance.

8. Silencer(s), intake cap(s) or hood(s), trash screen(s), and transition piece(s).
9. Inlet damper(s)/vane(s), assembly drawing(s), and bill of materials.

10. Discharge damper assembly drawing and bill of materials.

11. Fan control system drawing and bill of materials including:
a. Damper positioner drawings.
b. Damper positioner operating and maintenance manuals.

12. Fan cleaning system drawing and bill of materials including:
a. Cleaner arrangement drawing.
b. Cleaner controller assembly drawing.
c. Electric wiring diagram.
d. Operating and maintenance manual.

13. Electrical and instrumentation schematics nd bill of materials including:
a. Vibration warning and shutdown limits.
b. Bearing temperature warning and shutdown limits.
c¢. Lube oil temperature warning and shutdown limits.

14, Electrical and instrumentation arrangement drawing and list of connections.

15. Lube oil schematic and bill of materials including:
Steady state and transient oil flows and pressures at each use point.
. Control, alarm, and trip settings (pressure and recommended temperatures).
. Heat loads at each use point at maximum load.

a.
b
c
d. Utility requirements, including electrical, water, and air.
e. Pipe, valve, and orifice sizes.

f. Instrumentation, safety devices, and control schemes.

2

. Control valve sizing coefficient (Cv).

16. Lube oil system arrangement drawing including size, rating, and location of all customer
connections.

17. Lube oil component drawings and data including:
a. Pumps and drivers.
1. Certified dimensional outline drawing,
2. Cross-section and bill of materials.
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3. Mechanical seal drawing and bill of materials.
4. Performance curves for centrifugal pumps.
5. Instruction and operating manuals.
6. Completed data forms for pumps and for drivers.
b. Coolers, filters, and reservoir.
1. Fabrication drawings.
2. Maximum, minimum, and normal liquid levels in reservoir.
3. Completed data form for cooler(s).
¢. Instrumentation.
1. Controllers.
2. Switches.
3. Control valves.
4. Gauges.
d. Priced spare parts list(s) and recommendations.

18. Performance curves including:

a. Curves for static pressure rise and horsepower versus ICFM for all operating conditions specified
on data sheet.

b. Curve for speed versus starting torque.

19. Vibration analysis data including:
a. The number of blades in the wheel.
b. The number of teeth-gear type couplings.

20. Lateral critical speed analysis including:

Method used.

Graphic display of bearing and support stiffness and its effect on critical speeds.

Graphic display of rotor response to unbalance (including damping).

Graphic display of overhung moment and its effect on critical speed (including damping).
Journal static loads.

Stiffness and damping coefficients.

@ ™o e o P

. Tilting pad geometry and configuration.
1. Pad angle.

2. Pivot clearance.

3. Pad clearance.

4. Preload.

21. Torsional critical speed analysis for all motor and/or gear driven units including but not limited to
the following:

a. Method used.
b. Graphic display of the mass-elastic system.

¢. Tabulation identifying the mass moment torsional stiffhess for each component in the mass
elastic system.

d. Graphic display of exciting sources (RPM).
e. Graphic display of torsional critical speeds and deflections (mode shape diagrams).
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Copyright American Petroleum Institute
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Transient torsional analysis for all synchronous motor driven units.

Allowable flange loading(s) for all customer connections including anticipated thermal movements
referenced to a defined point.

A coupling alignment diagram, including recommended limits during operation. Note all shaft end
position changes and support growths from 15°C (60°F) or another temperature specified by the
purchaser. Include the recommended alignment method and cold setting targets.

Weld procedures for fabrication and repair.
Performance test log.

Mechanical run test logs including but not limited to the following:
a. Oil flows, pressures, and temperatures.

b. Vibration, including x—y plot of amplitude and phase angle versus revolutions per minute
during startup and shutdown.

c¢. Bearing metal temperatures.

Rotor balance logs.

Rotor combined mechanical and electrical run-out.
“As-built” data sheets.

“As-built” dimensions (including design tolerances) and/or data:
a. Shaft diameters at:

1. Thrust collar (for separate collars).

2. Each seal.

3. Impeller hub.

4. Each journal bearing.

5. Each coupling.
. Each coupling bore.
Each wheel bore.
. Thrust collar bore (for separate collars).
Each journal bearing inside diameter.
Thrust bearing concentricity (axial runout).

@ o e o

. Metallurgy and heat treatment for:
1. Shaft.

2. Impeller.

3. Thrust collar(s).

h. Hardness readings on parts listed under item 3 1.g above when corrosive agents which may cause
stress corrosion cracking are in the motive or process fluid.

Field installation manual describing the following (see 5.3.6.2):
a. Storage procedures.

b. Foundation plan.

¢. Grouting details.
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Setting equipment, rigging procedures, component weights, and lifting diagrams.
Coupling alignment diagram (per item 24 above).
Piping recommendations, including allowable flange loads.

@ oo oA

Composite outline drawings for the driver/driven-equipment train including anchor-bolt
locations.

h. Dismantling clearances.

33. Operating and maintenance manuals describing the following:
a. Start-up.
b. Normal shutdown.
c. Emergency shutdown.

d. Operating limits (see 2.7.1.6) other operating restrictions, and a list of undesirable speeds (see
2.7.1.6).

. Lube-oil recommendations and specifications.

e Y]

Routine operational procedures, including recommended inspection schedules and procedures.
g. Instruction for:

1. Disassembly and reassembly of rotor in casing,

2. Rotor unstacking and restacking procedures.

3. Disassembly and reassembly of journal bearings (for tilting-pad bearings, the instructions
shall include “go/no-go” dimensions with tolerances for three-step plug gauges).

h. Performance data, including:
1. Curve showing certified shaft speed versus site rated power.
2. Curve showing ambient temperature versus site rated power.
3. Curve showing output-power shaft speed versus torque.
i. Vibration analysis data, per items 19 — 22 above.
j. As-built data, including:
1. As-built data sheets.
. As-built dimensions or data, including assembly clearances.
. Mechanical running test logs, per item 27 above.
. Rotor balancing logs, per item 28 above.
. Rotor mechanical and electrical runout at each journal per item 29 above.
. Physical and chemical mill certificates for critical components.

i =) W B TS B

. Test logs of all specified optional tests.

k. Drawings and data, including:

Certified dimensional outline drawing and list of connections.
Cross-sectional drawing and bill of materials.

Rotor assembly drawings and bills of materials.
Thrust-bearing assembly drawing and bill of materials.
Journal-bearing assembly drawings and bill of materials.
Seal-component drawing and bill of materials.

Lube-oil schematics and bills of materials.

Lube-oil assembly drawing and list of connections.

R I A Al o e

Lube-oil component drawings and data.
10. Electrical and instrumentation schematics and bills of materials.
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11. Electrical and instrumentation assembly drawings and list of connections.

12. Governor and control- and trip-system data.

13. Trip- and throttle-valve construction drawings.

14. Silencer(s), intake cap(s) or hood(s), trash screen(s), transition piece(s0 drawing.
15. Inlet damper(s) /vane(s) assembly drawing(s) and bill of materials.

16. Discharge damper assembly drawing and bill of materials.

17. Fan control system drawing and bill of materials.

18. Fan cleaning system drawing and bill of materials.
34. Spare parts recommendation and price list—see 5.3.5 in text of standard.

35. Certified dimensional outline drawing for motor and all auxiliary equipment including:

a. The size, location, and purpose of all customer connections, including conduit, instrumentation,
and any piping or ducting.

b. ANSI rating and facing for any flanged connections.
c¢. The size and location of anchor bolt holes and thickness of metal through which bolts must pass.

d. The total weight of each item of equipment (motor and auxiliary equipment) plus loading dia-
grams, heaviest weight, and name of the part.

e. Overall dimensions and all horizontal and vertical clearances necessary for dismantling purposes
and the approximate location of lifting lugs.

f. The shaft centerline height.
g. Shaft end dimensions plus tolerances for the coupling.

h. The direction of rotation. If suitable for rotation in both directions, the drawings shall be so
marked.

36. Cross-sectional drawing and bill of materials including:
a. Bearing clearances and tolerances.
b. The rotor float (axial).
c. The complete parts list.

37. “As-built” data sheets.

38. Performance data including:
a. For induction motors 200 HP and smaller:
1. Efficiency and power factor at one-half, three-quarter, and full load.
2. Speed-torque curves.

b. For induction motors 250 HP and larger, certified test reports for all tests run and guaranteed
performance curves as follows:

1. Time-current heating curve.

2. Speed-torque curves at 70%, 80%, 90%, and 100% of rated voltage.
3. Efficiency and power factor curves from 0 to rated service factor.

4. Current versus load curves from 0 to rated service factor.
5

. Current versus speed curves from 0 to rated service factor.
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39. Certified drawings of auxiliary systems including:

a.

Wiring diagrams for each auxiliary system supplied. The drawings shall clearly indicate the
extent of the system to be supplied by the manufacturer and the extent to be supplied by others.

40. Operating and maintenance manuals shall be furnished describing installation, operation, and main-
tenance procedures. Each manual shall include the following sections:

Section 1— Installation:

a. Storage.

b. Setting motor, rigging procedures, component weights, and lifting diagram.
¢. Piping and conduit recommendations.

d. Composite outline drawing for motor, including anchor bolt locations.

e. Dismantling clearances.

Section 2 — Operation:

a. Startup—including check prior to startup.

b. Normal shutdown.

¢. Operating limits including number of successive starts.
d. Lube oil recommendations.

Section 3 — Disassembly and assembly instructions:

a. Rotor in the motor.
b. Journal bearings.
¢. Seals.

Section 4 — Performance data required by item 38.

Section 5 — “As-built” data:

a. “As-built” data sheets.

b. Mechanical run test logs.

¢. Rotor balance logs.

d. Rotor mechanical and electrical run-out at each journal.

Section 6 — Drawing and data requirements:

a. Certified dimensional outline drawing for motor and all auxiliary equipment with
list of connections.

b. Cross-sectional drawing and bill of materials.

41. Spare parts recommendation and price list.

42. Certified dimensional outline drawings and list of connections including:

a.

Faw ™o aoe o

=
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The size, rating, location, and identification of all customer connections, including vents, drains,
lubricating oil, conduits, and instruments.

All principal dimensions, including those required for the purchaser’s foundation.
Opverall and handling weights.

. Shaft centerline heights.

Shaft end dimensions plus tolerances for the couplings.

The direction of rotation.

Location of the center of gravity of the gear unit.

The size and location of anchor bolt holes and thickness of metal through which bolts must pass.
Thermal and mechanical movements of casings and shafts.
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43. Cross-sectional drawing and bill of materials including:
a. Thrust and journal bearing clearances and tolerances.
b. Gear and pinion float (axial).
c. Complete parts list.

44, Thrust bearing assembly drawing and bill of materials.
45. Journal bearing assembly drawing and bill of materials.

46. “As-built” data sheets including:

a. Data for torsional analysis (a dimensional sketch of each rotor showing diameters, lengths,
weight moments of inertia, and torsional stiffness).

b. Lateral critical speed reports.
47. Certified shop log of mechanical test run.
48. Gear manufacturer’s standard test logs including gear contact test data.

49. Specified optional test data and reports as mutually agreed to by the purchaser and gear
manufacturer.

50. Operating and maintenance manuals shall be furnished describing installation, operation, and main-
tenance procedures. Each manual shall include the following sections:
Section 1 — Installation:
a. Storage.
. Setting gear, rigging procedures, component weights, and lifting diagram.
. Piping recommendations.
. Composite outline drawing for gear, including anchor bolt hole locations.
. Dismantling clearances.

oo o o o

Thermal and mechanical movements of casing and shaft.

Section 2 — Operation:
a. Startup—including final tests and checks.
b. Normal shutdown.
c. Operating limits.
d. Routine operational procedures.

e. Lube oil recommendations.

Section 3 — Disassembly and assembly instructions:
a. Rotors in casing.
b. Journal bearings.
¢. Thrust bearings.
d. Thrust collars.
e. Seals.

Section 4 — “As-built” data:
a. “As-built” data sheets.
b. Lateral critical speed report.
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51.

52.

53.

54.

55.

56.

57.

58.
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¢. Mechanical run test logs.
d. Standard test logs.
e. Specified optional test data and reports.

Section 5 — Drawing and data requirements:
a. Certified dimensional outline drawing and list of connections.
b. Cross-sectional drawing and bill of materials.
c¢. Thrust bearing assembly drawing and bill of materials.
d. Journal bearing assembly drawing and bill of materials.

Spare parts recommendation price list.

Progress reports and delivery schedule, including vendor buy-out and milestones. The reports shall
include engineering, purchasing, manufacturing, and testing schedules for all major components.
Planned and actual dates and the percentage completed shall be indicated for each milestone in the
schedule.

List of drawings, including latest revision numbers and dates.
Shipping list, including all major components that will ship separately.

Technical data manual, including the following:
a. “As-built” purchaser data sheets, per item 30 above.
b. Certified performance curves, per item 18 above.
c. Drawings in accordance with 5.3.2.
. “As-built” assembly clearances.
. Spare parts list, in accordance with 5.3.5.

d

e

f. Vibration data, per item 19 above.

g. Report, per items 20, 21, 22, 24, 26, 27, 28, and 29 above.
h. API data sheets.

Material safety data sheets (OSHA form 20).

Preservation, packaging, and shipping procedures.

Bearing Babbitt strength versus temperature curves.
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-orm Available through Global Engineering Documents.

Effective January 1, 2002.

Phone Orders: 1-800-854-7179 (Toll-free in the U.S. and Canada)
303-397-7956 (Local and International)
Fax Orders: 303-397-2740

merican Petroleum Institute Online Orders: www.global.lhs.com

Date: (1 API Member (Geck if ¥9)
Invoice To (1 Check here if same as “Ship To”) Ship To (UPS will not deliver to a P.0. Box)
Name: Name:
Title: Title:
Company: Company:
Department: Department:
Address: Address:
City: State/Province: City: State/Province:
Zip/Postal Code: Country: Zip/Postal Code: Country:
Telephone: Telephone:
Fax: Fax:
E-Mail: E-Mail:
Quantity |Product Number Title SO%x Unlit Price Total
C61008 Std 610, Centrifugal Pumps for Petroleum_, Heavy Duty Chemical $ 132.00
and Gas Industry Services
€68201 Std 682, Shaft Sealing Systems for Centrifugal and Rotary Pumps $ 116.00
€68601 RP 686, Machinery Installation and Installation Design $ 83.00
Publ 684, Tutorial on the APl Standard Paragraphs Covering Rotor Dynamics
€68401 and Balance (An Introduction to Lateral Critical and $ 116.00
Train Torsional Analysis and Rotor Balancing
C61804 Std 618, Reciprocating Compressors for_Petroleum, Chemical $ 127.00
and Gas Industry Services
67203 Std 672, Packaged, Integral!y Geared Centrifugal Air L‘(_;mpressors for Petroleum, $ 110.00
Chemical, and Gas Industry Services
Std 619, Rotary-Type Positive Displacement Compressors for Petroleum, Chemical,
€61903 and Gas Industry Services $ 127.00
(1 Payment Enclosed (1 P.0. No. (Enclose Copy) Subtotal
Applicable Sales Tax (see below)
(1 Charge My Global Account No.
Rush Shipping Fee (see below)
VISA MasterCard American Express Diners Club Discover
d d d P d d Shipping and Handling (see below)
Gedt GrdNo: .
Total (in U.S. Dollars)
Print (A It i ! a : % To be placed on Standing Order for future editions of this publication,
Bairation Dite place a check mark In the SO column and sign here:
Sigature: Pricing and avallabliity subject to change without notice.

. _____________________________________________________________________________________________________________________________________________________|
Mail Orders - Payment by check or money order in U.S. dollars is required except for established accounts. State and local taxes, $10 processing fee*, and 5% shipping must be added. Send mail orders to:
API Publications, Global Engineering Documents, 15 Inverness Way East, M/S C303B, Englewood, CO 80112-5776, USA.

Purchase Orders - Purchase orders are accepted from established accounts. Invoice will include actual freight cost, a $10 processing fee*, plus state and local taxes.

Telephone Orders - If ordering by telephone, a $10 processing fee* and actual freight costs will be added to the order.

Sales Tax - All U.S. purchases must include applicable state and local sales tax. Customers claiming tax-exempt status must provide Global with a copy of their exemption certificate.

Shipping (U.S. Orders) — Orders shipped within the U.S. are sent via traceable means. Most orders are shipped the same day. Subscription updates are sent by First-Class Mail. Other options, including
next-day service, air service, and fax transmission are available at additional cost. Call 1-800-854-7179 for more information.

Shipping (International Orders) — Standard international shipping is by air express courier service. Subscription updates are sent by World Mail. Normal delivery is 3-4 days from shipping date.

Rush Shipping Fee - Next Day Delivery orders charge is $20 in addition to the carrier charges. Next Day Delivery orders must be placed by 2:00 p.m. MST to ensure overnight delivery.

Returns — All returns must be pre-approved by calling Global’s Customer Service Department at 1-800-624-3974 for information and assistance. There may be a 15% restocking fee. Special order items,
electronic documents, and age-dated materials are non-returnable.

*Minimum Order - There is a $50 minimum for all orders containing hardcopy documents. The $50 minimum applies to the order subtotal including the $10 processing fee, excluding any
applicable taxes and freight charges. If the total cost of the documents on the order plus the $10 processing fee is less than $50, the processing fee will be increased to bring the order amount
up to the $50 minimum. This processing fee will be applied before any applicable deposit account, quantity or member discounts have been applied. There is no minimum for orders containing only
electronically delivered documents.
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There’s more where this
came from.

The American Petroleum Institute provides additional resources and
programs to the oil and natural gas industry which are based on API
Standards. For more information, contact:

Monogram Licensing Program Phone: 202-962-4791
Fax: 202-682-8070

* American Petroleum Institute Quality Registrar Phone: 202-962-4791
(APIQR) Fax: 202-682-8070

* API Spec Q1 Registration Phone: 202-962-4791
Fax: 202-682-8070

* Perforator System Registration Phone: 202-962-4791
Fax: 202-682-8070

* Inspector Certification Programs Phone: 202-682-8161
Fax: 202-962-4739

* Engine Oil Licensing and Certification System Phone: 202-682-8233
(EOLCS) Fax: 202-962-4739

¢ Training/Workshops Phone: 202-682-8490
Fax: 202-962-4797

Check out the API Publications, Programs, and Services Catalog online at
www.api.org.

me Petroleum Institute  Helping You Get The Job Done Right
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Additional copies are available through Global Engineering
Documents at (800) 854-7179 or (303) 397-7956

Information about API Publications, Programs and Services is
available on the World Wide Web at: http://www.api.org

American 1220 L Street, Northwest
I ) Petroleum  Washington, D.C. 20005-4070
Institute 202-682-8000 Product No. C67302

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



	ERRATA
	SPECIAL NOTES
	FOREWORD
	CONTENTS
	1 General
	2 Basic Design
	3 Accessories
	4 Inspection, Testing, and Preparation for Shipment
	5 VendorData
	APPENDIX A-LATERAL ANALYSIS FOR SPECIAL PURPOSE FANS
	APPENDIX B-DRIVE ARRANGEMENTS FOR FANS
	APPENDIX C-TYPICAL DATA SHEETS
	APPENDIX D-MAXIMUM RESIDUAL SPECIFIC UNBALANCE
	APPENDIX E-PROCEDURE FOR DETERMINATION OF RESIDUAL UNBALANCE
	APPENDIX F- CENTRIFUGAL FANS VENDOR DRAWING AND DATA REQUIREMENTS


