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FOREWORD

This standurd is based on the accumulated knowicdge and cxperience of
manufacturers and users of steam turbines. The objective of this publication is
to provide a purchase spectiication to facilitale the manufacture and procurement
of gencral-purposc steam turbincs {or use in petroleum refinery service.

The primary purpose of API standards for mechanical equipment is to establish
minimum mechanical requirements. This limitation in scope is one of charter ag
oppased to interest and concern. Energy conscrvation is of concern and has
become increasingly important in all aspects of equipment design, application,
and operation. Thus, innovative energy-conserving approachss should be ag-
gressively pursued by the manufacturer and the user during these steps. Alternative
approaches that may result in improved energy utilization should be thoroughly
investigated and brought forth. This js especially true of new equipment proposals,
since the evaluation of purchase options will be based increasingly on total life
costs as opposed to acquisition cost alone. Equipment manufacturers, in particular,
are encouraged to suggest alternatives to those specified when such approaches
achieve improved energy effectiveness and reduce total life costs without sacrifice
of safety or reliability.

This standard requires the purchaser to specify certain details and features.
Although it is recognized that the purchaser may desire to modify, delete, or
amplify sections of this standard, it is strongly recommended that all modifications,
deletions, and amplifications be made by supplementing this standard, mather than
by rewriting or incorporating sections of this standard into another complete
standard,

API standards are published as an aid to procurement of standardized equipment
and materials. These standards are not intended to inhibit purchasers or producers
from purchasing or producing products made to specifications other than those
of APIL.

API publications may be used by anyone desiring to do so. Every effort has
been made by the Imstitute 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 expressiy 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 1o the director of the
Refining Department, American Petroleum Institute, 1220 L Street, N.w_,
Washington, D.C. 20005,




IMPORTANT INFORMATION CONCERNING USE OF
ASBESTOS OR ALTERNATIVE MATERIALS

Asbestos is specified or referenced for certain components of the equipment

described in some API standards. It has been of great usefulness in minimizing

fire hazards associated with petroleum processing. It has also been a universal
sealing material, compatible with most refining fluid services.

Certain serious adverse health effects are associated with asbestos, among
them the serious and often fatal discases of lung cancer. asbestosis. and
mesothelioma (a cancer of the chest and abdominal linings). The degree of
exposure to asbestos varies with the product and the work practices involved.

Consult the most recent edition of the Occupational Safety and Health
Administration (OSHA), U.S. Department of Labor, Occupational Safety and
Heaith Standard for Asbestos, Tremolite, Anthophyllite, and Actinolite, 29 Code
of Federal Regulations Section 1910.1001: the U.S. Environmental Protection
Agency, National Emission Standard for Asbestos, 40 Code of Federal Regulations
Sections 61.140 through 61.156; and the proposed rule by the U.S. Environmental
Protection Agency (EPA) proposing labeling requirements and phased banning
of asbestos products, published at 51 Federal Register 3738-3759 (Januvary 29,
1986; the most recent edition should be consulted).

There are currently in use and under development a number of substitute
materials to replace asbestos in certain applications. Manufacturers and users
are encouraged to develop and use effective substitute materials which can meet
the specifications for, and operating requirements of, the equipment to which
they would apply.

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICU-
LAR PRODUCTS OR MATERIALS CAN BE OBTAINED FROM THE EM-
PLOYER, THE MANUFACTURER OR SUPPLIER OF THAT PRODUCT OR
MATERIAL, OR THE MATERIAL SAFETY DATA SHEET.

e s AR, T AN e
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General-Purpose Steam Turbines for Refinery Service

SECTION 1—GENERAL

1.1 Scope

1.1.1 This standard covers the minimum require-
ments for general-purpose steam turbines for refinery
service. These requirements include basic design,
materials, related lubrication systems, controls, aux-
iliary equipment, and accessories,

Note: A bullet (@) at the beginning of a paragraph indicates that
either u decision is required or further information is 1o be provided
by the purchaser. This information should be indicated on the data

sheels (see Appendix A): otherwise, it should be stated in the
quotation request or in the order.

1.1.2 Steam turbines are classified as general- or
special-purpose according ta service requirements. The
purchaser will specify the type of turbine that is best
suited to his needs.

1.1.2.1  General-purpose (urbines are horizontal or
vertical turbines used to drive equipment that is usually
spared, is refalively small in size (power}, or is in
noncritical service. They are generally used where
steam conditions will not exceed a pressure of 700
pounds per square inch gauge (48 bar gauge) and a
temperature of 750°F (400°C) or where speed will not
exceed 6000 revolutions per minute.

1.1.2.2 Special-purpose turbines are horizontal tur-
bines used to drive equipment that is usually not
spared, is relatively large in size (power), or is in
critical service. The use of special-purpose turbines is
nol limited by steam conditions or turbine speed.
Requirements for special-purpose turbines are defined
in APl Standard 612.

1.2 Alternative Designs

The vendor may offer alternative designs. Equivalent
metne dimensions, fasteners, and flanges may be
substituted as mutually agreed upon by the purchaser
and the vendor.

1.3 Conflicting Requirements

In case of conflic! between this standard and the
mngquiry or order, the information included in the order
shail govern,

1.4 Definition of Terms

Terms used in this standard are defined in 1.4.1
through 1.4.26,

1.4.17  Axially split refers to casing joints that are
parallel to the shaft centeriine.

1.4.2 A circulating oil system withdraws oil from the
housing of bearings equipped with ol rings and cools
it in an external oil cooler before it is returned 1o the
bearing housing.

1.4.3 Hydrodynamic bearings are bearings that use
the principles of hydrodynamic lubrication. Their sur-
faces are oriented so that relative motion forms an oil
wedge to support the load without journal-to-bearing
contact,

1.4.4  Maximum allowable speed (in revolutions per
minute) is the highest speed at which the manufactur-
er’s design will permit conlinucus operation (see note
to 2.1.4, ltem e).

1.4.5 Maximum allowable temperature is the maxi-
mum continuous temperature for which the manu-
facturer has designed the equipment (or any part to
which the term is referred) when operating at the
maximum allowable working pressure (see note to
2.1.4, Item e).

1.4.6 Maximum allowable working pressure is the
maximum continuous pressure for which the manu-
facturer has designed the equipment (or any part to
which the term is referred) when operaling at the
maximum allowable temperature {(see note to 2.1.4,
[tem e).

1.4.7 Maximum continuous speed (in revolutions per
minute) 1s the speed at least equal to 105 percent of
the highest speed required by any of the specified
operating conditions.

1.4.8 Maximum exhaust pressure is the highest ex-
haust steam pressure at which the turbine is required
to operale continuous|y.

1.4.9  Maximum exhaust casing pressure is the high-
est exbaust steam pressure that the purchaser requires
the casing to contain, with steam supplied al maximum
inlel conditions.

1.4.10 Maximum inlet presu.mre and temperaiure re-
fer to the highest inlet steam pressure and temperature
conditions at which the turbine is required 10 aoperate
continuously,
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1.4.11 Minimum allowable speed (in revolutions per
minute)is the lowest speed at which the manufacturer’s
design will permit continuous operation (see note o
214, ltem e).

1.4.12 Minimum exhaust pressure is Lhe lowest ex-
haust steam pressure at which 1he turbine is required
1o operate continuously,

1.4.13 Minimum inlet pressure and temperature relcr
to the lowest inlet steam pressure and temperature
conditions at which the turbine is required to operate

1.4.24 Total indicated runour fTIR). also known as
total indicator reading, is the runcut of a diameter or
face determined by measurcment with a dial indicator,
The indicator reading implies an out-of-squareness
equal to the reading or an cecentricity equal to half
the reading.

1.4.25 Trip speed (in revolutions per minute) is the
speed at which the independent emergency overspeed
device operates to shut down the turbine. The 1rip-
speed setting will vary with the class of governor {sec
3427,

conlinuously

1.4.14 NEMA inlet and exhaust conditions are
equivalent 10 the maximum inlet and exhaust steam
conditions specified on the daia sheets.

1.4.15 Normalapplies to the power, speed, and steam
conditions at which the equipment will usually operate.
These conditions are the ones at which the highest
efficiency is desired.

1.4.16  Oif mist lubrication refers to lubrication Sys-
terps that employ oil mist produced by atomization in
a central supply unit and transported to the bearing
housing by compreassed air.

1.4.147 With purge il mist {wbrication (wet sump),
the mist only purges the bearing housing. Bearing
lubrication is by conventional oil bath, flinger, or oil
ring.

1.4.18  With pure oil mist lubrication (dry sump), the
mist both lubricates the bearing and purges the housing.

1419 FPotenrial maximum power is the approximate
maximum power to which the turbine can be uprated
at the specified normal speed and steam conditions
when it is furnished with sujtable (larger or additional}
nozzles and, possibly, with a larger valve or valves.

1.4.20 The pressure casing is the composite of all
( ining parts of the unit, in-
cluding all nozzles and other attached parts,

1.4.2%  Radially split refers 1o casing joints that are
transverse to the shafl centerline.

1.4.22  Rated applies to the greatest turbine power
specified and the corresponding speed. It includes all
of the margin required by the driven-equipment speci-
fications.

1.8.23  Standby service refers 1o a normally idle or
idling picce of equipment that is capable of immediare
awtomatic or manual start-up and continuous opcra-
lion,

1.4.26  Unit responsibility refers to the technical re-
sponsibility for coordinating the general arrangement

‘of the driver and driven equipment, as well as power

requirements, speed, direction of rotation, and so forth:
for designing and laying out-lubrication and sealing
systerns; for analyzing vibration and noise data: and
for supervising and coordinating all required tests and
material reparts for all equipment within the scope of
this standard,

1.4.27 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
specifications, This terminology should be used only
by the equipment designer and the manufacturer.

1.5 Reterenced Publications

1.5.1 The following standards, codes, and specifi-
cations are cited in this standard:

AFBMA
7 Shaft and Housing Fits for Metric Radial
Ball and Roller Bearings {Except Tapered
Roller Bearings) Conforming ro Basic
Boundary Plans
9 Load Ratings and Fatigue Life for Ball
Bearings

rnd Roller Bearings (Excep!
Tapered Roller Bearings) Conforming to
Basic Boundary Plans

AGMA?
514 Load Classification and Service Fuciors
Jor Flexible Couplings
515 Balance Classificaticn for Flexible Cou-
plings :
Bores and Keyways for Flexible Cou-
plings {Inch Series)

002-A86

*Anti-Friction Bearing Manufacturers Association, 1135 JefTerson
Bavis Highway, Arlington, Virginia 22207

*American Gear Manufaclurers Association. 1901 Norih For Myer
Drive, Arlingion, Virginia 22209,
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AMSI?
B

Bl6.1

B16.5

Bla.l1l

Bi16.42

Bi7.1

Untfied Inch Screw Threads (UN and
UNR Thread Forms)

Cast Iron Pipe Flanges and Flanged
Fittings, Class 25, 125, 250, and 800
Pipe Flanges and Flanged Fittings, Sieel
Nicke! Alloy and Other Special Alloys
Forged Steel Fittings, Socket-Welding
and Threaded

Ducrile fron Pipe Flanges and Flanged
Finings, Class 130 and 300

Keys and Keysears

A 120

A 1S3

A 18l

A 193

A 194

Pipe, Stecl. Black and How-Dinped Zine.
Coated (Galvanized) Welded and Seun:-
less, for Ordinary Uses

Zinc Coating (Hor-Dipyan fron and Stee!
Flurdware

Forgings, Carbon Stec! for Geaeral Pur-
pose Piping

Alloy-Sieel and Stainless Steel Bolting
Materials for High-Temperature Service
Carbon and Alloy Steel Nuis for Boits
for High-Pressure and High-Tempera-
fure Service

Yi4.2M
API

Spec 5L

RP 550

Std 612

Sid 614

S5td 615
Std 670
Sid 677

Sid 678

ASME*
B1.20.1
B33

PTC &

Line Conventions and Lettering

Spectfication for Line Pipe

Manual on Insiallation of Refinery In-
siruments and Conrrol Systems
Special-Purpose Steam Turbines for Re-
finery Services

Lubrication, Shaft-Sealing, and Conirol-
Qil Systems for Special-Purpose Appli-
calions

Sound Control of Mechanical Equipment
Jor Refinery Services

Vibration, Axial-Position, and Bearing-
Temperature Moniioring Systems
General-Purpase Gear Units for Refinery
Services

Accelerometer-Based Vibration Moni-
toring Sysrem

Pipe Threads, General Purpose
Chesmnical Plant and Petroleum Refinery
Piping

Performance Tesr Code—Steam Tur-
bines

Boiler and Pressure Vessel Code, Section V, “*Non-

ASTM?
A 53

A 105

A 106

destructive Examination,” Section V1II,
“Pressure Vesscls,” and Section 1X,
“*Welding and Brazing Qualifications™

Pipe, Steel, Black and Hot-Dipped, Zinc-

Coaied Welded and Scamless
Forgings, Carbon Steel, for Piping Com-
penents

Seamiess Carbon Steel Pipe for High-

Temperature Service

‘Amencan Mationa! Standards Insiituce, 1430 Broadway, New
York, New Yark (0018,

‘Amencan Society of Mechanical Engineers, 345 Exst 4hhb Street,
New York, New Yok 10017,

‘Amencan Bocicty for Testing and Materials, 1916 Race Street,
Phitadeiphia, Pennsylvania 19101,

A 197
A 269

A 278

A 307
A 312
A 325

A 338

A 388

A 395

A SLS

A 536
E 94
E 125

E 142

E 709

AWSe
D11

M357
SP 55

Cupola Malleable iron

Seamless and Welded Ausienttic Stain-
less Sreel Tubing for General Service
Gray Iren Castings for Pressure-Con-
taining Parts for Temperatures Up ta
850°F (345°C)

Carbon Steel Externally Threaded Stan-
dard Fasteners

Seamless and Welded Austenitic Stain-
less Steel Pipe

High-Strength Bolis for Structural Steel
Joints

Malleable Iron Flanges, Pipe Fitiings,
and Valve Parts for Railroad, Marine,
and Other Heavy Duty Service at
Temperatures Up to 650°F (345°C)
Ultrasonic Examinatien of Heavy Steel
Forgings

Ferritic Ducrile Iron Pressure-R etaining
Castings for Use ar Elevated Tempera-
tires

Pressure Vessel Plates, Carbon Sieel,
Jfor Intermediare- and Higher-Tempera-
ture Service

Ductile Iron Castings

Guides for Radiographic Testing
Reference Photographs for Magnetic
Particle Indications on Ferrous Castings
Method for Controlling Quality of Ra-
diographic Testing

Magnetic Particle Examination

Serverural Welding Code—Sreel

Quality Standard for Sieel Castings—
Visual Method

*Anicrican Welding Socicty, 550 NM.W. Leleune Road, Miam,

Florida 33035

"Manufacturers Standardization Socicty of the Valve and Fittings
Industry, 127 ok Strect, N E_, YVienna, Virginia 2XIRD,
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NEMA®
MGt Motors and Generators
SM 23 Steam Turbines for Mechanical Drive
Service
NFPA®

70 National Electrical Code, Chapter &, Ar-
ticle 500, ‘"Hazardous (Classified) Lo-
cations,” and Article 501, "*Class I Lo-
cations”

OSHA»®
Qccupational Safety and Health Standards of the

U.5. Department of Labor

1.,5.2 The purchaser and the vendor shall mutually
determine the measures that must be taken to compiy
with any {ederal, stale, or local codes, regulations,
ordinances, or rules that are appiicable to the equip-
ment.

SECTION 2—BASIC DESIGN

2.1 Genperal .

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

2.1.2 The vendor shall assume responsibility for the
engineering coordination of the equipmem and all
auxiliary systems included in the scope of the order.

2.1.3 The equipment’s normal operating point will
be specified on the data sheets.

2.1.4 Turbines shall be capable of the following:

a. Operating at normal power and speed under normal
steam conditions. The manufacturer's certified steam
rate shall be al these conditions.

® b. Delivering rated power at its corresponding speed

with coincident minimum inlet and maximum exhaust
conditions as specified on the data sheets. To prevent
oversizing er to obtain higher operating efficiency, the
purchaser may desire to limit maximum turbine ca-
pability by specifying normal or a selected percentage
of rated power instead of rated power,

e. Operating with variations from rated steam condi-
tions in accordance with NEMA SM 23,
MNete: Regardless of the design limit of any turbine component, the

turbing should not be operaled or rerated outside the nameplate
timits without consulation with the manufacturer.

2.1.5 Equipment shall be designed to run without
damage up to the trip speed and relief valve settings.

2.1.6 Single-stage turbines shall be suitable for im-
mediate start-up to full lead without a preliminary
warmup peried. The purchaser will allow for proper
drainage of the inlet piping, turbine casing, steam
chest, and packing glands.

Note: Consultation with the manufacturer is recommended, since

additiona] considerations may be required when single-stage turbines
arc (o be applied for immediate automatic unatiended stari-up,

2,$.7 The turbine wheel or wheels for single-stage
and multistage units shall bz located between the

bearings. Other armangements require specific pur-
chaser approval.

2.1.8 (il reservoirs and housings that enclose moving
lubricated parts (such as bearings, shaft seals, highly

Note: Rated power may be achievad by using a hand valve or valves
under nosmal steam conditions and an additional hand valve or
valves under minimum inlel and maximum exhakret sicam conditions.
{Sec 3.4.1.4 for information aboul using hand valves al other
opcrating conditions.}

¢. Continuously operating at maximum continuous
speed and at any speed within the range specificd.

d. Continuously operating at rated power and speed
under maximum inlet steam conditions and maximum
or mimimum exhaust steam conditions.

"Natianat ti_lcclricat Manufaciurers Associayon, 2100 L Street,
N.W._. Washingion, D.C. 20037,

*Nationad Fire Proiection Associalion, Batterymarch Park, Quincy.
wMussachusetts 02269,

polished parts, instruments, and ¢ontrol elements) shall
be designed to minimize contamination by moisture,
dust, and other foreign matter during periods of op-
eration and idieness.

2.1.9 All equipment shali be designed to permit rapid
and economical maintenance. Major parts such as
casing camponents and bearing housings shali be
designed (shouldered or cylindrically doweled) and
manufactured 1o ensure accarate alignment on reas-
sembly.

"Occupational Safety and Health Adrministration, U 8. Department
of Labor, Washington, (3.C. 21210,
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2.1.10 The wrbinz and other cquipment within the

scope of the order shall perferm on the test stand and
on the permanent fanndatinn wiethin the cpecifiad

acceptance critena. Afterinstallation, the performance
of the combined units shall be the joint responsibiiity
of the purchaser and the vendor.

2.1.11 Unless otherwise specified, cooling water sys-
tems shall be designed for the following conditions:
Velocity over heat 5-8({vs 1.5-2.5 m/s

exchanger surfaces

Maximum aliowable =75 psig =5.2 bar (ga)
working pressure

Test pressure =115 psig =7.9 bar (ga}
Maximum pressure 15 psi 1 bar

drop

Maximum inlet tem-  90°F 3zC
perature

Maximum outiet 120°F a 49°C
lemperature

Maximum tempera- 30°F 17°C

ture fisc

Fouling factor on 0.002 hr-fi2-°F/Btua  0.35 m*-K/AW
water side

Shell corrosion al- 0.125 in. 3.2 mun
lowapce

Provision shall be made for complete venting and
draining of the system.
Note: To avoid condensation, the minimum inlet water temperature

to the beaning housings should preferably be above the ambient air
temperature,

2.1.12 Control of the sound pressure level (SPL} of
all equipment furnished shall be a joint effort of the
purchaser and the vendor. Unless otherwise specified,
the equipment furnished by the vendor shall conform
1o the requirements of API Standard 615 and the
maximum allowable sound pressure level specified.

2.1.13 Motors, electrical components, and electrical
installations shall be suitable for the area classification
(class, group, and division) specified by the purchaser
on the data shects and shall meet the requirements of
NFPA 70, Artucles 500 and 501, as well as local codes
specified and furnished by the purchaser (see 3.4.5.4),

2.1.14 The purchaser will specify whether the in-
stalliation 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 tempera-
tures und winusual humidity or dust problems). The
unit and 1ts auxiliaries shall be suitable for operation
under these specified conditions.

2.1.15 The arrangement of the equipment, tncluding
niping and auxiliaries, shall be developed jointly by
the purchaser and the vendor. The arrangement shall
provide adequate clearance areas and sulc access for
aperation and maintenance.

® 2.1.16 When specaified, the equipment feet shall be

cquipped with verticai jackscrews.

2.7/ bquipmentIect shall be arlica with pilet holes
for usc in final dowceling.

2.1.18 Spare parts for the machine and all furnished
auxiliaries shall meet all the entera of this standard.

2.2 Pressure Casings

2.2.1  All pressure parts shall be at least suitable for
operation at the most severe coincident conditions of
pressure and temperature expected for the specified
steam conditions.

2.2.2 The hoop-stress values used in the design of
the casing shall not exceed the maximum allowable
stress values in tension specified in Sectioq” VIII,
Division I, of the ASME Code at the maximum
operating temperature of the material used.

2.2.3 Axally split casings shall use a metal-to-metal
Jjoint (with a suitable joint compound) that is tightly
maintained by suitable bolting. Gaskets (including
string type) shall not be used on the axial joint. When
gasketed joints are used on radially split casings, they
shall be securely maintained by confining the gaskets.

2.2,4 Axially split horizontal turbines shall be de-
signed to permit inspection and removal of the rotor
and wearing parts without removing the casing from
its foundation or disconnecting inlet or exhaust steam
piping (excepl when up-exhaust is specified). Axially
split multistage turbine casings may also be split
radially between high- and low-pressure portions.

2.2.5 Radially split horizontal turbines shall be de-
signed to permit inspection and replacement of the
bearings and outer clands without removing the casing
from its foundation or disconnecting inlet or exhaust
steam piping.

Note: Radially sphit horizontal turbines may require removal from
their foundations 1o permit removal of rotors.

2.2.6 Casings and supports shatt be designed to have
sufficient strength and ngidity to imit any change of
shaft alignment at the coupling flange {caused by the
worst combination of allowable pressure, torque, and
piping forces and moments) to 0.002 inch (50 microme-
ters). Supports and alignment belts shall be rigid
enough to permit the machinlq te be moved by the use
of lateral and axial jackscrews. Axially split horizontal
turbines shatl have centerline supports to maintain
properalignment with connected equipment. The lower
horizontal mounting surface of each turbine support
shall be machined parallel within 0.002 inch per foot
(1.6000). Corresponding surfaces shall be coplanar
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within 0.002 inch per foot of distance between surfaces

R . Y 1

(] NN
\U 1/ Mhimeicr PL.I Hitiel f.

2.2.7 Drain connections shall be provided for the
steam chest, casing, packing glands, and cooling jack-
els.

2.2.8 Gauge connections shall be provided for the
steam-ring chamber on single-valve turbines and for
the first stage of multistage turbines.

2.2.9 Jackscrews, guide rods (for multstage tur-
bines), and casing alignment dowels shall be provided
o facilitate disassembly and reassembly. When jack-
screws are used o part contacting faces, one of the
faces shall be relieved (counterbored or recessed) to
prevent a leaking joint or an improper fit caused by
marring of the face. Guide rods shall be_of sufficient
length to prevent damage to the internals or casing
studs by the casing during disassembly and reassembly.
Lifting lugs or eyebolts shall be provided for lifting
only the top half of the casing. Methods of lifting the
assembled machine shall be specified by the vendor.

2.2.10 The use of tapped holes in pressure parts shall
be minimized. To prevent leakage in pressure sections
of casings, metal equal in thickness to at least half the
nominal bolt diameter, in addition to the allowance
for corrosion, shall be [eft around and below the bottom
of dnlled and tapped holes.

2211 Bolting shall be furnished as specified in 2.2.11.1
through 2.2.11.6.

2.2.11.1 The details of threading shall conform to
ANSI BI.1.

2.2.11.2  Studs are preferred to cap screws.

2.211.3 Studded connections shall be furnished with
studs and nuts installed. Blind stud holes should be
drilled only deep enough to allow a preferred tap depth
of 1% times the major diameter of the stud; the first
['V2 threads at both ends of each stud shall be removed.

2.2.11.4 The minimum material quality of bolting for
pressure joints shall be carbon steel (ASTM A 307,
Grade B) for cast iron paris and a high-temperature
alloy steel (ASTM A 193, Grade B-7) for steel and
alloy parts. Carbon steel (ASTM A 325) may be used
for parts where the temperature is below 500°F (260°C).
Nuts shall conform 10 ASTM A 194, Grade 2H (or,
where space is limited, o ASTM A 307, Grade B,
casc-hardened).

2.2.11.5 Slotted-nut or spanner-type bolting shall not
be used unless specifically approved by the purchaser.

]

2.2.11.6 Adequate clcarance shall be provided at

el lacations to permit the use of -:mket or box
bolting tocations to pe

wrenches.

2...12 The machined finish of the mounting surface
shall be [25-250 microinches (3.2-6.4 micrometers)
arithmetic average roughness (R,). Hold-down or foun-
dation bolt holes shall be drilled perpendicular to the
mounting surface or surfaces and spot faced to a
diameter three times that of the hole.

2.3 Casing Appurtenances

All nozzles or nozzle blocks shall be replaceablc.
All other stationary blading shall be mounted in re-
placeable diaphragms or scgments.

2.4 Casing Connections

2.4.1 Inlet and outlet connections shalil be flanged or
machined and studded, oriented as specified on the
data sheets, and suitable for the maximum inlet and
maximum exhaust steam conditions as specified and
defined in 1.4.8 and 1.49.

2.4.2 Connections welded to the casing shall meet
the material requirements of the casing, including
impact values, rather than the requirements of the
connected piping.

2.4.3 Casing openings for piping connections shall
be at least ¥ inch nominal pipe size. Threaded openings
are permissible in sizes ¥ inch, 1 inch, and 1%z inches
nominal pipe size. Openings shall be installed as
specified in 2.4.3.1 through 2.4.3.7.

2.4.3.1 A pipe nipple, preferably not more than 6
inches (150 millimeters) long, shall be connected to
the opening.

2.4.3.2 Pipe nipples shall be a minimum of Schedule
160 seamless for sizes 1 inch and smaller and a
minimum of Schedule 80 seamless for a size of 12
inches.

2.4.3.3 Pipe mpples shall be provided with weiding-
neck or socket-weld flanges for steam pressures of 180
pounds per square inch gauge (12.4 bar gauge) or
higher.

2.4.3.4 Threaded connections shall be seal welded;
however. scal welding is not ‘permitted on cast iron
equipment, for instrument connections, or where dis-
assembly is required for maintenance. Seal-welded
10ints shall be in accordance with ASME B31.3.

2.4.3.5 Tapped openings and bosses for pipe threads
shall conform to ANSI B16.5,
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2.4.3.6 Pipe threads shall be taper threads that con-
form to ASME B1.20.}.

2.4.3.7 Openings for socket-welded connections shall
conform to ANS] BI16.11.

2.4.4 Openings for nominal pipe sizes of [Ya, 2\,
3%, 5,7, ond 9 iaches shall not be used.

2.4.5 Tapped openings not connected 1o piping shall
be plugeed with solid round-head steel plugs furnished
in accordance with ANS] B16.11. As a minimum, these
plugs shall meet the matenal requirements of the
casing. Plugs that may Jater require removal shall be

Table 1—Arithmetic Average Roughness Height (R,)

Contact Serface

Type Service Roughness (£}
Flut pnd rarsed fuce Vacuum 63128
Above almospheric 125500
Ring joint All <61

be of rabhbeted design, flat-faced with 2 provision far
accurate centering and doweling conforming to NEMA
MG |, or as specified.

2.5 External Forces and Moments

of corrosion-resistant material. Threads shall be lu-
bricated. Plastic plugs are not permitted.

Z2.4.5 Flanges shall conform to ANSI Bl6.1or B16.5,
or B16.42 as applicable, except as specified in 2.4.6.1
through 2.4.6.5.

2.4.8.1 Cast iron flanges shall be flat faced and shall
have a minimum thickaess of Class 250 in accordance
with ANSI Bl6.1 for sizes 8 inches and smaller.
Exhaust flanges 10 inches and larger may be Class
125,

2.4.6.2 Flat-faced flanges are aceceptable on all ex-
hawst connections. Flat-faced flanges shall have full
raised-face thickness,

2.4.6.3 Flanges that are thicker or have a larger
outside diameter than that required by ANSI Bl16.1,
BI%4.5, ur B16.42, as applicable, arc acceptable.

2.4.6.4 The concentricity between the bolt ¢ircle and
the bore of all casing flanges shall be such that the
surface area for the seating of the machined gasket 15
adequate to accommodate a complete standard gaske?
thzt does pot protrude into the fluid flow.

2.46.5 For the purpose of manufacturing mating
parts, the veador shall supply equipment flange detajls
ta the purchaser when connections larger than those
covered by ANSI B16.5 or B16.42 are supplied. YWhen
specified, the mating parts shall be furnished by the
vendor.

2.4.7 The finish of the contact faces of flanges and.

nozzles shall conform to the flange-finish roughness
requirements in Table 1. Milled Aanged surfaces are
acceptible with the purchaser's approval,

2.4.8 All of the purchaser’s connections shall be
accessible for disassembly without moving the ma.
chinc.

2.4.9  Mounting flanges for vertical turbines shall be
made of cast won or stee! and shall. be adequately

.boltcd and ribbed for rigidity. Mounting flanges shall

Turbines shall be designed to withstand the external
forces and moments calculated in accordance with
NEMA SM 23.

2.6 Rotating Elements
2.6.1 ROTCRS

2.6.1.1 Rolors shall be capable of operating without
damage al momentary speeds up to 110 percent of trp
speed.

2.68.1.2 Rotors (other than integrally forged shafts
and disks) shall be assembled to prevent movement of
the disk relative to the shaft when operating at any
specified start-up or operating condition and any speed
up to 110 percent of trip speed. The wheels shall be
keyed to the shaft and assembled with a shrink ft.

2.6.1.3 The purchaser’s specific approval is required
for built-up rotors when blade tip velocities at maxi-
mum continuous speed exceed 823 feet per secend
(256 meters per second) or when stape inlet steam
lemperatures exceed B25°F (441°C).

2.6.2 SHAFTS

2.6.2.7 Shalts shall be accurately finished throughout
their entire length and shali be ground to a finish of
32 microinches (0.8 micrometer) R, or betier at the
coupling and bearing locations and sealing areas for
carbon ring packing.

2.6.2.2 When noncontacting vibration or axial posi-
tion probes are furnished or specified. the rolor shaft
sensing areas to be observed by radial vibration probes
shall be concentric with the bearing Journals. All shah
sensing areas (both radial vibration and axial position)
shall be free from stencit and scribe marks or any
other surfuce discontinuity, such as an oil hole or a
keyway. These areas shall not be metallized, sleeved,
or plated. The final surface Anish shall be 16-32
microinches (0.4-0.8 micrometer) R,, preferably ob-
tained by honing or burnishing. These areas shall be
properly demagnetized or otherwise treated so that
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the combined total of clectrical and mechanical runout
does not exceed 25 percent of the maximum allowed
peak-to-peak vibration amplitude or the following value,
whichever is greater:

a. Forareas 1o be observed by radial vibration probes,
G.25 mil (6 micrometers).
b. For areas to be observed by axial posilion probes,
0.5 mil (13 micrometers).

2.6.2.3 Shafts shall be protected by corrosion-resist-
ant matenal under carbon ring packing for casing end
glands. The manufacturer's application method, the
coating material used, and the finished coating thick-
ness shall be stated on the data sheets.

2.6.2.4 Keyways shall have fillet radii that conform
to ANSI B17.1.

2.6.3 BLADING

2.6.3.1 Combined stress levels (steady state plus
cyclic) developed in rotating blades at any equipment
operating condition shall be low enough to ensure
trouble-free operation even if resonant vibration oc-
curs.

2.6.3.2 All blades shall be mechanically suitable for
operation (including transient conditions) over the
specified speed range and momentarily up to 110
percent of tnp speed.

2.7 Seals

2.7.1  Outer glands shall be sealed at the shaft by
carbon-ring or replaceakte labyrinth packing or both,

2.7.2 Carbon-ring packing shall be used only when
the rubbing speed at the shaft sealing surface is less
than 160 feet per second (49 meters per second). The
number of carbon rings shall be determined by the
service and venting requirements, with 35 pounds per
square inch (2.41 bar) being the maximum allowable
average differential pressure per active sealing ring.
Springs for carbon packing shall be made of nickel-
chromium-iron alloy (heat treated after cold coiling)
or equal material. Vanations in vperating steam lem-
perature shall be considered when the required cold
clearances for packing rngs are established.

2.7.3 Gland cases shall be furnished with a full
complement of carbon rings.

2.7.4  When specified, a separate vacuum device shall
be furnished for connection to the glands to reduce
external steam leakage. Unless otherwise specified,
the device shall be mounted and connccled by the
vendor who mounts the turbine on the baseplate.

‘

® 2.7.5 (lands that operate at less than atmosphernc

pressure shall be designed to admit steam that will scal
against air leakage. Piping with relicf valves, pressure
gauges, rcgulators, and other necessary valves shall
be provided to interconnect the end glands. Piping
shall have one common connection to the purchaser's
scaling-sicam supply. When specified, the admission
of secaling steam shall be automatically controlled
throughout the load range. The normal operating seal-
ing-steam supply shall preferably come from a positive-
pressure section of the turbine.

2.7.6 All piping and components of shaft seal and
vacuum systems shall be sized for 300 percent of the
calculated new clearance leakage.

2.7.7 Sealing of interstage diaphragms on multistage
turbines shall be by replaceable-labyrinth packing.

2.7.8 The gland casing leak-off connections shall
comply with 2.4.2.

2.8 Dynamics

2.8.1 CRITICAL SPEEDS

2.8.1.1 When the frequency of a periodic forcing
phenomenon (exciting frequency) applied to a rotor-
bearing support system corresponds to a natural fre-
quency of that system, the system may be in a state
of resonance.

2.8.1.2 A rotor-bearing support system in resonance
will have its normal vibration displacement amplified.
The magnitude of amplification and the rate of phase-
angle change are retated to the amount of damping in
the system and to the mode shape taken by the rotor.
Note: The modc shapes are commonly referred to as the first rigid

(translatory or bouncing) mode, the second rigid {conical or rocking)
mode, and the (first, second, third, . . ., ath) bending mode.

2.8.1.3 When the rotor amplification factor (see Fig-
ure 1), as measured at the vibration probe, is greater
than or equal to 2.5, that frequency is called critical,
and the corresponding shaft rotational frequency is
called a critical speed. For the purposes of this stan-
dard, a critically damped system is one in which the
amplification factor is less than 2.5.

2.8.14 Anexciting frequency may be less than, equal
10, or greater than the rotational speed of the rotor.
Potential exciting frequencies that are considered in
system design shall include but are not limited to the
following sources:

a. Unbalance in the rotor system.
b. Oil-film instabilities {(whirl).
c. Internal rubs.
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Operatng CRE

Vibration Love!

-
speeds ’

Mey

Revolutions per minute

Neq = Hotor first critical, cen

Nen = Critical speed, nth,

er frequency, cyckes per minute.

MNoe = Maximum continuous speed, 105 percent. _
N, = Initial {lesser) spaed a1 0.707 x peak amplitude (cﬁt_ugal).
Ny =~ Final (greater) speed at 0.707 x peak ampiitude (critical).

T AF = Ampiification factor

Ny

Ny= N,
SM = Separation margin.

. Na= N, = Poak wicth at the halt-powar point.

CRE = Critical response envelope,

Acy = Amplitude a1 M., .
Aca = Amplitude at N_,.

Note: The shape of the curve i1 for illustration only and does not necessarily represent any actual

rotor response plot.

Figure 1—Rotor Response Plot

d. Blade, vane, nozzle, and diffuser passing frequen-
cies.

e. Gear-tooth meshing and side bands.

f. Coupling misalignment.

8- Loose rotor-system components.

h. Hysteretic and friction whirl.

i. Boundary-layer flow separation.

Jj. Acoustic and aerodynamic ¢ross-coupling forces.
k. Asynchronous whirl. :

2.8.1.5 Resonances of suppoit systems within the
vendor's scope of supply shall not occur within the
spectited operating speed range or the specified sepa-
ration margins unless the resonances are critically
daurpred.

2.8.1.6 The vendor who is specified to have unit
responsibility shall determine that the drive-train criti-
cal speeds (rotor lateral, system torsional, blading
modes, and the like) are compatible with the critical
specds of the machinery being supplied and that the
combination is suitable for 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 submitted to the
purchaser for his review and included in the instruction
manual for his guidance (see 5.2.5.2).

®* 2.8.1.7 When specified, the turbine vendor shall sup-

ply all necessary information for lateral and torsional
analyses to the vendor who has unit responsibility,

2.8,1.8 The first rigid mode of single-stage turbines
shall be at least 120 percent of maximum continuous
speed.

2.8.2 LATERAL ANALYSIS

2.8.2.1 The vendor’s standard critical speed vajues
that have previously been analytically derived and 1o
proven for prior manufactured turbines of the same
frame size and rotor/bearing configuration are accept-
able and shall be submitted to the purchaser as part
of the proposal. For new turbine destgns and rotor/
bearing configurations, the vendor shall perform a
lateral critical analysis jp accordance with the guide-
fines outlined in Appendix B,

2.8.2.2 When specified, the vendor shull provide
calculations and/or available supporting test data for
separation margins in accordunce with 2.8.1.8 and
B.1.4,
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2.8.3 TORSIONAL ANALYSIS

2.8.3.1 Excitations of torsional resonances may come
from many sources that should be considered in the
analysis. These sources may include but are not fimited
1o the foliowing:

a. Gear problems such as unbalance and pitch line
runoul.

b. Start-up conditions such as speed deients (under
mertial impedances) and other torsional oscillations.
€. Hydraulic-governor control-loop resonances,

2.8.3.2 The vendor who has unit responsibility shall

require minor corrections during the final trim balape-
ing of the compictely assembled element. On rotars
that huve single Keyways, the keyway shall be filled
with a fuliy crowned half-key. When specified, the
weight of all half-keys used during the Anal baluncing
of the assembled ¢lement shall be recorded on the
residual unbalance work shect (see Appendix C). The
maximum allowable residual unbalance per plane (jour-
nal} shall be calculated as foHows:

¢nsure that the lorsional resonances of the complete
irain are at least 10 percent above or 10 percent below
any possible excitation frequency within the specified
operating speed range (from minimum to maximum
“comtinuous speed).

2.8.3.3 Torsional criticals at two or more limes rin-
ning speed shall preferably bhe avoided or, i systems
in which comresponding excitation frequencies occur,
shall be shown to have no adverse effect. In addition
to multiples of running speeds. torsional excitations
that are not a function of operating speeds or that-are
noasynchronous in nature shall be considered in the
torsional analysis, when applicable. The purchaser and
the vendor shall be mutually responsible for identifying
these frequencics.

2.8.3.4 When torsional resonances are calculated so
fall within the margin specified in 2.8.3.2. and the
purchaser and the vendor have agreed that ail efforts
1o remove the critical from within the fimiting fre-
quency range have been exhausted, a stress analysis
shall be performed to demonstrate that the resonances
have no adverse effect on the complele train.

2.8.3.5 When specified, the vendor shall perform a
torsional vibration analysis of the complete coupted
train and shall be responsible for directing the modi-
flcations necessary to meet the requirements of 2.8.3.1
through 2.8.3.4,

2.8.4 VIBRATION AND BALANCING

2.8.4.1 Each disk or thrust collar shall be given a
single-plane balance before it is assembled on its own
shaft. Other major parts shali be given an individual
dynamic balance before they zre assembled on the
shaft.

2.8.4.2 The rotating element shall be multiplane dy-
nimically balanced during assembly. This shall be
accomplished after adding no more than (wo major
components. Balancing correction shall be apphicd only
to the elements that are added. Other components may

Upar = SWIN
In S] units,
Upan = 63SOW/N
Where:
Una, = residual unbalance, in ounce-inches (gram-
millimeters}.
W = journal static weight load, in pounds (kilo-
grams).
N = maximum continuous speed, in revolations
per minute.

When spare rotars are supplied, they shall be dynami.
cally balanced to the same tolerances as the main
rolor.,

2.8.4.3 When specified, after the final balancing of
each assembled rotating element has been completed,
a residual unbalance check shall be performed and
recorded tn accordance with the residual unbalance
work sheet (see Appendix C).

2.8.4.4 High-speed balancing (balancing in a high-
speed balancing machine at the operating speed) shall
be done only with the purchaser’s specific approval.
The acceptance criteria for this balancing shall be
mutually agreed upon by the purchaser and the vendor.

2.8.4.5 During the shop test of the machinc. assem- -

bled with the balanced rotor, operating at its maximum
continuous speed or at any other speed within the
specified operating speed range, the peak-10-peak am-
plitude of unfiltercd vibration in any plane, measured
on the shaft adjacent and relative to cach radial beanng.
shail not exceed Lhe following wvalue or 2.0 mils (50
micromelers), whichever is less:

12,000
N

A= (1}

In 5t units,
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Where:

A = amplitudc of unfiltered vibration, in mils (mi-
crometers) peak to peak.

N = maximum continuous speed, in revolutions
per minute.

Al any spced greater than the maximum continuous
speed, up to and including the trip speed of the driver,
the vibration shall not c¢xceed 150 percent of the
maximitm value recorded at the maximum continuous
speed.

Note: These Hmits are not to be confused with the limits specified
in Appendix B for shop venfication of unbalanced response.
2.8.4.6 When specified, electrical and mechanical
runout shall be determined and recorded by rolling the
rotor in V blocks while measuring runout with a
noncontacting vibration probe and a dia! indicator at
the same shaft location.

2.8.4.7 Accurate records of electrical and mechanical
runout, for the full 360 degrees at each probe location,
shall be included in the mechanical test report.

2.8.4.8 I the vendor can demonstrate that electrical
or mechanical runout is present, a maximum of 25
percent of the test level calculated from Equation 1 or
0.25 mil (6 micrometers), whichever is greater, may
be vectonally subtracted from the vibration signal
measured during the factory test.

2.8.4.9 When noncontacting vibration probes are not
provided or when vibration cannot be measured on
the shaft, the peak vibration velocity measured on the
beanng housing while it operates at speeds described
in 2.8.4.5 shall not exceed 0.15 inch (3.8 millimeters)
per second (unfiltered) and 0.10 inch (2.5 millimeters)
per second at running speed frequency (filtered).

2.9 Bearings and Bearing Housings

2.9.1 Hydrodynamic radial bearings shall be required
under the following conditions;

a. Where antifriction-bearing dN factors are 300.000
or more. [A dN factor is the product of beaning size
tbore} in millimeters and rated speed in revolutions
per minute. ]

b. When standard antifriction beanngs fail to meet an
L, rating life (sce AFBMA Standurd 9) of either 50,000
hours with continuous operation at rated conditions
or 32,000 hours at maximum axtal and radial loads and
rated speed. (The rating life is the number of hours at
the rated bearing load and speed that 90 percent of a
group of identical bearings will complete or exceed

. before the first evidence of failure.)

& 292 Hoenzontal turbines shall be equipped with thrust

bearings designed to handle axial loads in ¢ither diree-
tion. Multistage turbines shall have hydrodynamic
thrust bearings when specified or where antifriction
bearings fail to meetl the minimum L, rating life (sec
2.9.1, ltem a).

2.9.3 Vertical turbines may have oil- or grease-lubri-
cated ball- or roller-type radial and thrust bearings.
Thrust bearings shall be designed for 200 percent of
the driven-equipment thrust (up or down) specified on
the data sheets. Antifriction bearings shall be protected
against overgreasing.

2.8.4 Antifnction bearings shall be retained on the
shaft and fitted into housings in accordance with the
requirements of AFBMA Standard 7; however, the
device used to lock ball thrust bearings to the shaft
shall be restricted to a nut with a tongue-type lock-
washer, such as Series W.

2.9.5 Except for the angular contact type, antifriction
bearings shall have aloose internal clearance fit equiva-
lent to AFBMA Symbol 3, as defined in AFBMA
Standard 20. Single- or double-row bearings shall be
of the Conrad type (no filling slots).

2.9.6 Hydrodynamic radial bearings shall be split for
ease of assembly, precision bored, and of the sleeve
or pad type, with steel-backed, babbitted replaceable
tiners, pads, or shells. These bearings shall be equipped
with antirotation pins and shall be positively secured
in the axial direction. The bearing design shall suppress
hydrodynamic instabilities and provide sufficient
damping over the entire range of allowuble bearing
clearances to limit rotor vibration to the maximum
specified amplitudes (sec 2.8.4.5) while the equipment
is operating loaded or unloaded at specified operating
speeds, including operation at any critical frequency.
The liners, pads, or shells shali be in horizontally split
housings and shall be replaceable without removing
the top half of the casing of an axially split machine
or the head of a radially split unit and without removing
the coupling hub.

2.9.7 Hydrodynamic thrust bearings shall be in ac-
cordance with 2.9.7.1 through 2.9.7.3.

2.9.7.1 Hydrodynamic thrust bearings shall be of the
steel-backed, babbiticd multiple-segment type, de-
signed for equal thrust capaéity in both directions and
arranged for continuous pressurized lubrication to each
side. Both sides shall be of the tilting-pad type,
tncorporating a self-leveling feature that assures that
cach pad carrics an equal share of the thrust load with
minor variation in pad thickness.
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2.9,7.2 Replaceable thrust collars shall be positively turer's uitimate load rating. The ultimate load rating
locked to the shaft to prevent frefting. When integral is the load that wiil produce the minimum acceptable .
thrust collars are furnished, they shall be provided oil-Rlm thickness without inducing faiture during con-
with at jeast % inch {3.2 millimeters) of additional. tinions service or the load that will not exceed the
stock to enable refinishing if the collar is damaged, creep initiation or yield strength of the babhitl at the

location of maximum tcmperature on the pad, which-
ever load is less. In sizing thrust bearings, consider-
ation shall be given (o the following for each specific
application:

29.73 Both faces of thrust collars shall have a
surface finish of not more than 18 microinches 0.4
micrometer) R,, and the axial runout shall not exceed
0.0005 inch {12.7 micrometers) TIR after the collar is
mounted on the shaft. . 2, The shaft specd.

: . \ b. The temperature of the bearing babbiti.
2.9.8 .Thrusl bearings shall b - ) <~ The deflection of the bearing pad. ‘
Operation under the most adverse specified operating

d. The minimum «il-film thickness.

conditions. Calculation of the thrust force shall inelude ¢. The feed rate, viscosity, and supply temperature of
but shall net be limited to the following factors: the oil '

a. Fouling and variation in seal clearances up ta twice f. The design configuration of the bearing.

the design internal clearances. . The babbitt allay. -

b. Siep thrust from all diameter changes. h. The turbulence of the oil film.

¢. Stage reaction and stage differential pressure.

d. Variations in inlet and exhaust pressure.

¢. External loads from the driven equipment, as de-
scribed in 2.9.8.1 through 2.9.8.3 and as specified by

2.9.10 Thrust bearings shall allow axial positioning
of each rotor relative to the casing and setting of the
thrust bearings® clearance or preload.

the manufacturer of the driven equipment. 2.9.11  Axially split bearing housings shail have a
. melal-to-metal split joint whose halves are located by
2981 For gear-type couplings, the external thrust means of eylindrical dowels.

force shall be calculated from the following formula;

2.9.12 Bearing housings for pressure-lubricated hy-

F= {0-25X(63,000)P, drodynamic bearings shall be arranged to minimize .
(N.D) foaming. The drain system shall be adequate to main-
In SI units, tain the ol and foam level below shaft end seals. The
rise in oil temperature through the beanngand housings
F= (0252;?555)40]& shall not exceed 50°F {28°C) under the most adverse
' specified operating conditions. The bearing-oil outlet
Where: lemperature shall not exceed 160°F (71°C). For oil-
F = external force, in pounds (kilonewtons). flooded designs, the oil outlets from thrust bearings
P; = rated power, in horsepower (kilowatrs). shall be in the upper half of the control ring or, if
N, = rated speed, in revolutions per minute, control rings are not used, in the thrust-bearing car-

D = shaft diameter at the coupling, in inches {mil- tridge.

limeters), 2.9.13 Oilinlet and drain cennections shall be flanged
Note! Shaft diameter is an approximation of the coupling pitch or machined and studded. Threaded openings are
radius. permissible in ¥% inch, 1 inch, and 1% inch nominal

pipe sizes. Pipe connections in [-inch tapped open-

2.2.8.2 Thrust forces for flexible-element coupli X
Upings ings shall be installed as follows:

shall be calculated on the basis of the maximum
allowable deflection permitted by the coupling manu- a. A stainless steel pipe npple of Schedule 408,
factiurer, preferably not more than 6 inches (150 millimeters)

tong, shall be providea for cast iron bearing housings.

b. A carbon steel pipe mipple of Schedule 80, prefera-

bly not more than 12 inches (300 millimeters) long,

shall be provided for stee! bearing housings.

<. The pipe nipple shall be provided with a carbon

steel slip-on flange.

2.9.9 Hydrodynamic thrust bearings shall be selected d. The threaded connection shall be seal welded: .
at o more than 50 percent of the bearing manufac- however, seal welding Is not required on cast iren

2.8.8.3 If two or more rotor thrust forces are to be
carried by one thrust bearing (such as in a gear box),
the resultant of the forces shall be used if the directions
of the forces make them numerically additive; other-
wise, the kargest of the forces shall be used.
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bearing housings or where disassembly is required for
maintenance. Seal-welded joints shall be in accordance
with ASME B31.3. Threaded connections that are not
seal welded shall be made up without thread tape.

e. Pipe or tube fittings on Y-inch and l-inch connec-
tions shall not be seal welded.

2.3.14 Tupped openings that may later be connected
to customer piping shall be plugged with solid round-
head stec! plugs furnished in accordance with ANSI
BI6.11. Thread tape shall not be used.

2.9.15 Bearing housings shall be equipped with re-
placeuble labyrinth-type end seals and deflectors where
the shaft passes through the housing; lip-lype seals
shail not be used. The seals and deflectors shall be
made of nonsparking materials. The design of the seals
and deflectors shall effectively retain oil in the housing
and prevent entry of foreign materal into the housing.

2.9.16 Bearing housings shall provide adequate pro-
tection against contamination by steam condensate,
particularly during periods of idleness.

2.9.17 Bearing housings for oil-lubricated non-pres-
sure-fed Dearings shall be provided with tapped and
plugged £l and drain openings at least Y2-inch National
Pipe Thread (NPT} in size. The housings shall be
cquipped with constant-fevel sight-feed oilers at least
4 cunces (0.12 liter) in size, with a positive level
pusitioner {not an external screw), heat-resistant glass
containers, and protective wire cages. A permanent
indication of the proper 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.

2.9.18 Housings for ring-oil lubricated bearings shall
be provided with plugged ports positioned to allow
visual inspection of the oil nngs while the turbine is
nunning.

2.9.19 The requirements specified in 2.9.19.1 through
2.9.19.5 apply when oil mist lubrication is specified,

2.9.19.1
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 o1l mist will flow
through antifrniction beanngs. There shall be no interna)
passiages (o short-circuit ofl mist from inlet to vent. If
bearings are of the steeve type, the connections for
the condensing oil mist fittings shall be located over
the bearings so that makeup ol will drip into the
bearings.

2.9.19.2 A vent connection, % inch nominal pipe
size. shall be provided on the housing or end cover

An oif must inlet connection, Y4 inch nominal

for each of the spaces between antifriction bearings
and thc housing shaft closures. Alternatively, where
oil mist connections are between cach housing shaft
closure and the beanings, onc ven! central 1o the
housing shall be supplied. Housings that have only
sleeve-1ype bearings shall have the vent located near
the end of the housing.

2.3.18.3 Shiclded or sealed bearings shall not be
used.

2.9.19.4 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 oil leve]
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 maintﬁnciat

the internal pressure of the bearing housing.

2.9.19.5 The oil mist supply and drain fittings will be
provided by the purchaser.

2.9.20 Sufficient cooling capacity, including an al-
lowance for fouling, shall be provided to maintain the
oil temperature below 160°F (71°C) for pressurized
systems and below 180°F (82°C) for ring-oiled or splash
syslems, based on the specified operating conditions
and an ambient temperature of 110°F (43°C). Where
cooling is required for ring-oiled or splash-lubricated
bearings, eithera circulating oil system or waterjackets
inthe bearing housings shall be provided. Waterjackets
shall have only external connections between the upper
and lower housing jackets and shall have neither
gasketed nor threaded connection joints, which may
allow water to leak into the oil reservoir. If cooling
coils (including fittings) are used, they shall be of
nonfesTous material and shall have no pressure joints
or fittings internal to the bearing housing. Coils shal]
have a minimum thickness of 0.042 inch (1.07 milli-
melers) and shali be &t least 0.50 inch (12.7 millimeters)
in diameter.

2.9.21 When specified, provision shall be made for
mouniing (wo radial-vibration probes in each bearing
housing, two axial-position probes at the thrust end of
cach machine, and a one-event-per-revolution probe
in each machine. The probe installation shall be as
specified in APL Standard 670, and shaft sensing areas
shall conform 1o 2.6.2.2.

2.10 Lubrication

2.10.1  Unless otherwise specified. bearings and bear-
ing housings shall be arranged for hydrocarbon oil
lubrication.



14 APt STANDARD E11

2.10.2 Oil flingers shall be positively securcd 10 the
shafi and shall have mounting hubs to mamtain con-
cenmiricily.

® 2103 Where oil is supplied from a commaon system
to two or more machines (such as a compressor, a
gear, and a turbine), the ail’s characteristics will be
specified on the data sheets by the purchaser on the
basis of mutueal agreement with all vendors who supply
equipment served by the common oil system.

® 210.4 Where a wide-speed-range, rapid-starting, or
slow-roll operation is required, these conditions will
be specified, and lubrication of the turbine and gear
shall be given special consideration.

2,10.5 Where a circulating system is proposed, de-
tails shall be submitted to the purchaser for review.

* 2.10.6 Turbines that have pressure lubrication sys-
tems (other than self-contained governors) shall include
the following (see Appendix D for a schematic of a
MmN $Ystem):

a. An oil reservoir fabricated from AISI' Standard
Type 300 stainless steel that has the following char-
acteristics and appendages:

1. The capacity 10 avoid frequent refilling and to
provide adequale allowance for system rundown.
The reservoir should also be sized to provide 4
minutes of system consumption but not less than 2
minutes of pump capacity at normal speed. System
consumplion is pump-delivered flow minus pres-
sure-control-valve flow.

2. Provisions la eliminate zir and minimize flotation
of foreign matter to pump suction.

3. Afill connection, armored gauge glass with leve]
indication, and a breather suitable for outdoor use.
4. A sloped bottom and connection for complete
drainage.

5. A cleancut opening as large as practicable.

b. A main oit pump driven by the shaft. unless another
source of pressurized oil is provided. Oil draining from
the suction line during periods of idleness shall not
cause damage to the pump during unattended start-
up.

. Either oil rings or a hand-operated standby pump
for stant-up lubrication, if required by the vendor.

d. An o]l cooler, preferably separate and of the shell-
and-tube type. Oil coolers infernal to the reservoir are
not acceplabie.

"Amencan {ron ind S1eel [nstatute, 1000 16ch Si., N.W. Washing.
toe, 22 200364,

e. A full-Bow filter with replaccable elements and
filtration of 25 microns nominal or finer. Filter cartridge
materials shall be corrosion resistant. Metal-mesh or
sintered-metal filter elements are not acceptable. Fil-
ters shall not be cquipped with a relici valve or an
automatic bypass,

f. A temperature gauge after the oil cooler.

g. Pressure gauges (valved for removal) to measure
pressure before and afler the filter.

h. Low-oil-pressure shutdown device.

1. When specified by the purchaser or required by the
v i i

standby pump.

j- When specified, a sight flow indicator in cach
bearing-0il drain line.

k. When specified, a low-oil-pressure alarm switch.
. When specified, a low-oll-pressure shutdown switch.

2.10.7 Main and standby oil pumps shall have steel
cases unless they are enclased in a reservoir; however,
casings of shaft-driven oit pumps may be made of iron.
All other oil-containing pressure components shall be
made of steel. (Refer to 3.5.2 for lubricating-gil piping
requirements.)

2.10.8 When specified, a removable steam-heating
element external to the oil reservoir or a thermostati-
cally controlled electric immersion heater with a sheath
of AISI Standard Type 300 stainless steel shall be
provided for heating the charge capacity of oil before
start-up in cald weather. The heating device shall have
sufficient capacily 1o heat the oil in the reservoir frem
the specified minimum site ambient temperature to the
manufacturer’s required start-up temperature within
12 hours. If an electric immersion heater is used, it
shall have a maximum watt density of 15 watls per
square inch (2.33 watts per square cenlimeter),

2.11 Materials
2.11.1 GENERAL
21111 Materials af construciion shall be 1he manu-

facturer’s standard for the specified operating condi-
tions, except as required by the data sheels or this
standard (see 3.5 for requirements for avxiliary piping
materals).

2.11.1.2  Materials shall be identified in the proposal
with their applicable ASTM, AISI, ASME, or SAE"
numbers, including the material grade. When.ao such
designation is available, the vendor's material sSpeci-
fication, giving physical properties, chemical compo-

*Socicly of Automotive Enpincers, 400 Commonwealth Dirive,
Warrendale, Pennsylivania 150%6.
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sition, and 1250 requirements, shall be included in the
DTOpOsi].

2.11.1.3 Pressure parts shall be made of steel if the
maximum stcum condilions to which they may be
subjected exceed 250 pounds per square inch gauge
(17 bar effective} or S00°F (260°C) or if the normal
steam temperature exceeds 450°F (232°C). Exhaust
casings of noncondensing turbines shall be made of
steel if the maximum exhaust pressure may exceed 75
pounds per square inch gauge (5.2 bar effective} or if
the no-load exhaust temperature may exceed S00°F
260°C;. Suita

maximum steam temperaturcs may exceed 750°F
(400°C). Ductde iron may be used only with the
approval of the purchaser.

2.31.1.4 Material for other furbine parts shall be the
manufacturer’s standard for the shaft and wheels, 11-
£3Cr for blading and nozzles (rotating and stationary),
and 11-13Cr ar nickel-copper alloy for the shrouding
and steam strainer.

2.11.1.5 External parts subject to rotary or sliding
motions (such as control finkage joints and adjusting
mechanisms) shall be made of corrosion-resistant ma-
terials suitable for site enviconment.

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

2.11.1.7 The purchaser will specify any corrosive
agents that are present in the steam and the environ-
menat, including constituens that may cause stress
COMTOSIGN Cracking.

2.11.1.8 For the pressure casing, malerials, casting
factors, and the quality of any welding shall be equal
to those required by Sectien YU, Division |, of the
ASME Code. The manufacturer’s data report forms,
as specified in the code, are not required.

2,11.1.8 Low-carbon steels can be notch sensitive
and susceptible to brittle fracture at ambient or low
temperatures; therefore, only fully killed, normalized
sieels made to fine-grain practice are acceptable. The
usc of ASTM A 515 is prohibited.

2.11.1.10 . For ambiemt tempcratures below - 20°F
{(~29°C), generally available steel casing materials, a:
the lowest specified temperature, do not have animpact
strength sufficient to qualify under the minimum Charpy
V-notch impact cnergy requirements of Seclion VIII,
Division I, UG-84, of the ASME Cade. The purchaser
and the vendor shall mutually agree upen the proteciion.

. required.

2.11.2 CASTINGS

2.11.21  Casungs shall be sound and free from po-
rosity, hot tcars, shrink holes. blow holes, cracks,
scale, blisters, and s:muilar injurious defects. Surfaces
of castings shall be cleaned by sandblasting, shotblast-
ing, chemical cleaning, or any other standard method.
Mold-parting fins and remains of gates and risers shall
be chipped, filed. or ground flush.

211.2.2 The uvse of chaplets in pressure castings
shall be held to 2 minimum. The chapiets shall be
clean and corresion free {platin

composition that is compatible with the casting,

2.11.2.3 Ferrous castings shall nol be repaired by
welding, peening, plugging, burning in, or impregnat-
ing, except as specified in 2.11 2.3.1 and 2.11.2.3.2.

2,11.2.3.1 Wcldable grades of steel castings may be
repatred by welding, using a qualified welding proce-
dure based on the requirements of Section VIII,
Division 1, and Section IX of the ASME Cade.

2.11.2.3.2 Cast gray ivon or nodular iron may be
repaired by plugging within the limits specified in
ASTM A 278, A 395, or A 53&. The holes drilled for
plugs shall be carefully examined, using liquid pene-
trant, to easure that all defective maierial has been
removed. All repairs thal are not covered by ASTM
specifications shall be subject to the purchaser's ap-
proval.

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

2.11.25 Nodular iron castings shall be produced and
tested for physical and ¢hemical properties in accord-
ance with ASTM A 395,

2.11.3 WELDING

211.3.1  Welding of piping and pressure-containing
parts, as wcll as any dissimilar-metal welds and weld
repairs, shalt be performed and inspected by personne)
and procedures qualified i accordance with Section
ViII, Division |, and Section 1X of the ASME Code.

2.11.3.2 The vendor shall be responsible for esiab-
lishing weld repair procedures that are in comphiance
with the requirements of the ASME Code and for the
implecmentation of repairs tn accordance with these
procedures, including post-repair heat treatment and,
if required, nondestructive examination. Unless other-
wise specified, ail welding other than that covered by
ASME B31.3 and Section VI, Division 1. of the
ASME Code, such as weiding on baseplates, non-
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pressure ducting, lagging, and control panels, shall be
performed in accordance with AWS D11,

2.11.3.3 Pressure-containing castings made of wrought
materials or combinations of wrought and cast mate-
nals that are under internal pressure greater than 300
pounds per square inch gauge (20 bar gauge) shall have
all accessible weld surfaces inspected by magnetic
particle or liquid penctrant examination after back
chipping or gouging and again after stress relicving
(see 4.2.2.1.2).

2.11.3.4 Fabricated casings, regardless of their thick-

aady

ness, shall be post-weld heat treated.

2.12 Nameplates and Rotation Arrows

2121 Nameplates and rotation arrows shall be made
of AISI Standard Type 300 stainiess steel or nickel-
copper alloy (Monel or its equivalent), securely fas-
tened by pins of similar material, and located for easy
visibility, Welding is not permiticd.

2.12.2 The data sheets shall specify whether English
or metric units are to be shown. The following data,
as a minimum, shall be clearly stamped on the name-
plate using the same units that are shown on the data
sheets:

Vendor's name.

Serial number,

Size and type.

Rated power and speed.

e. First cntical speed. (If critical speed values are not
obtained by test, the word *‘calc’” shall be stamped
beside the number. Any critical speeds below maxi-
mum continuous speed shall be determined on the test
stand.)

f. Second critical speed. (If critical speed values arc
nol obtained by test, the word **calc™ shall be stamped

o0 g

mum continuous speed shall be determined on the test
stand. Second critical speed is omitted for turbines
that run below first critical speed.)

g. Maximum continuous speed.

h. Minimum allowable speed.

1. QOverspeed trip setting (see 3.4.2.2).

j. Normal and maxirmum inlet steam temperature and
pressure.

k. Normal and maximum exhaust steam pressure.

[. The purchaser’s equipment item number (this may
be on a separate nameplate if there is insufficient space
on the rating nameplate).

SECTION 3—ACCESSOQRIES

3.1 Gear Units

3.1.1  Gears may be considered for applications where
their inclusion will result in a more efficient turbine.
Steam rates and performance curves shall be based
on gear cutput power.

3.1.2  Iniegral (built-in) gear units shall not be used

for driven equipment that requires more than 73 rated
horsepower (56 kilowaus).

3.1.3  Unless otherwise specified, separate parallel-
shaft gear units up to 2000 horsepower (1500 kilowatts)
shali conform to API Standard 677.

3.1.4  The output shaft rotation of the gear unit shall
bc¢ noted clearly in all data, as welil as on the machine.

3.2 Couplings and Guards

Unless otherwise specified, flexibic couplings
and guards between turbines and driven equipment
shall be supplied by the manufacturer of the dnven
equipment. If specified, the driver half of the coupling
stull be mounted by the turbine manufacturer,

3.2.2 The make, type, and mounting arrangement of
the couplings and guards shall be agreed upon by the
purchaser and the vendors of the driver and driven
equipment. The coupling rating shall be at least equal
1o the turbine rated power times the coupling service
factor for the application in accordance with AGMA
514. Unless otherwise specified, a spacer coupling with
aminimum 5-inch (125-millimeter) spacer shall be used.
Couplings shall be made of forged steel and designed
to allow the necessary end float caused by expansion
and other end movements of the shaft.

3.2.3 Information about shafts, keyway dimensions,
and shaft end movements caused by end play and
thermal effects shall be furnished to the vendor who
supplies the coupiing.

3.2.4  The power rating of the'coupling-to-shaft junc-
ture shall be at least equal to the turbine rated power
times the coupling service factor for the application in
accordance with AGMA 514.

3.2.5 When the turbine vendor supplies a scparate
gear, he shall also furnish a Alexible coupling between
the gear and the turbince.
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3.2.6 To assure accurate alignment of connected
machinery, the total indicator reading of coupling
regestration and alignment surfaces shall be controlied
as specified in 3.2.6.1 through 3.2.6.3.

3.2.6.1 For all turbines, the coupling surfaces nor-
mally used for checking alignment shall be concentric
lo the axis of coupling hub rotation within the following
limits: 0.0005 inch (13 micrometers) TIR per inch of
shaft diameter, with a minimum applicable 1olerance
of 0.001 inch (25 micrometers) TIR and a maximum
of 0.003 inch (75 micrometers) TIR. All other diameters
that are not used for locating, registration, or alignment
shall conform to the coupling manufacturer’s standard,
provided that dynamic balance requirements are met.

3.2.6.2  For turbines connected to their driven equip-
ment with a flexible coupling; the locating and align-
ment faces shall be perpendicular to the axis within
the limits of 3.2.6.1.

3.2.6.3 For vertical turbines that have ngid couplings
between the turbines and driven equipment, the cou-
pling registration diameters shall be concentric within
the limits stated in 3.2.6.1. Coupling registration faces
shall be perpendicular to the axis of the coupling within
0.0001 inch per inch of face diameter with a maximum
of 0.0005 inch (13 micrometers) TIR.

3.2.7 Couplings shall be keyed in place. Keys, key-
ways, and fits shall conform to AGMA 9002-A86.
Cylindrical shafts shall have the interference fit speci-
fied in AGMA %002-A86. Where tapered shafts are
specified orrequired, the taper shall conform 1o NEMA
SM 23. Coupling hubs shall be furnished with tapped
puller holes at least % inch {10 millimeters) in size to
aid removal. Unless otherwise specifted, couplings
shall be manufactured to meet the balance require-
ments of AGMA 515, Class 8.

3.2.8 When specified by the purchaser or recoms-
mended by the vendor, couplings shall be dynamically
balanced in accordance with AGMA 515 For dvnamic

balancing, the AGMA balance class shall be mutually

agreed upon by the purchaser and the vendor.

3.2.8  An easily removable coupling guard shall be
placed over cach exposed coupling furnished by the
vendor. Each coupling guard shall be in accordance
with the requirements of the Occupational Safety and
Health Administration.

3.3 Mounting Plates

3.3.1 GENERAL

3.3.1.1  The equipment shall be furnished with sole-
.ul(.\x or a baseplate, as specified on the dara sheets,

3.3.1.2 In 3.3.1.2.1 through 3.3.1.2.1p the term
mounting plate refers toboth baseplates and scleplates.

3.3.1.2.1 The mounting surfaces for the equipment
feet shall extend 1 inch (25 millimeters) bevond the
sides of the feet and shall be machined flar and paralle]
within 0.002 inch per foot (1:6000). Corrcsponding
surfaces shall be in the same Plane within 0.002 inch
per foot of distance between the mounting surfaces
(0.17 millimeter per meter). This requirement shail be
met by supporting and clamping the mounting plate at
the foundation bolt holes only.

3.3.1.2.2 Mounting plates shall be equipped with
vertical jackscrews,

3.3.123 When the equipment supported weighs mora
than 1000 pounds (450 kilograms), the mounting plates
shall be furnished with horizontal jackserews the same
size as or larger than the vertical Jackscrews. The lugs
holding these jackscrews shall be attached to the
mounting plates so that they do not interfere with the
installation or removal of the equipment,

3.3.1.24 Mounting plates shall be designed to limit
achange of alignment caused by the worst combination
of pressure, torque, and allowable piping stress to
0.002 inch (50 micrometers) at the coupling flange.
(See 2.5 for allowable piping forces.)

3.3.1.2.5 When epoXy grout is specified on the data
sheets, the vendor shall precoat all the grouting sur-
faces of the mounting plates with a Catalyzed epoxy
primer applied to degreased white metal. The epoxy
primer shall be compatible with epoxy grout. The
vendor shall submit to the purchaser instructions for
field preparation of the €poxXy primer.

3.3.1.2.6 Anchor bolts shall not be used to fasten
machinery to the mounting plates.

3.3.1.2.7 Mounting plates shall not be drilled for
equipment to be mounted by others. Mounting plates
that are 1o be grouted shall have 2-inch-radiused {50-
rdlimeter-radiused) outside corners (in the plan view).

3.3.1.2.8 The vendor of the mounting plates shall
furnish stainless steel shim packs at least % inch 3
millimeters) thick belween the equipment feet and the
mounting plates. All shim packs shall straddie the
hold-down bolts. :

3.3.1.2.9  Anchor bolts will be furnished by the pur-
chaser,

3.3.1.2.10 Fasteners for attaching the equipment to
the mounting plates and jackscrews for leveling the
mounting plates shall be supplied by the vendor of the
mounting plate,
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3.3.2 BASEPLATE

3.3.2.1 When a bascplate is specified, the data sheets
will indicate the muyjor cquipment to be mounted on
tt. The baseplate shall be a single, fabricated steel unit.
The bascplate shall be constructed with longitudinal
steel beams and full-depth cross-members located un-
derncath the support plane of the turbine and all
turbine-driven equipment.

3.3.2.2 The baseplate shall be provided with lifting
lugs for at least a four-point lift. Lifting the baseplate
complele with all equipment mounted shall not per-
manently distort or otherwise damage the baseplate

or the machinery mounted on it.

3.3.2.3 The bottom of the baseplate between struc-
tural members shall be open. When the baseplate is
installed on a concrete foundation, accessibility shali
be provided for grouting under all load-carrying struc-
tural members. The mounting pads on the bottom of
the baseplate shall be in one plane to permit use of a
single-level foundation. When specified, subsoleplates
shall be provided by the vendor.

3.3.2.4  All baseplates shall be provided with at leact
one grouting opening that has a clear area of no less
than 19 square inches (0.01 square meter) and no
dimension less than 3 inches (75 millimeters) in each
bulkhead section. These holes shall be located to permit
filling the enlire cavity under the baseplate without
crealing air pockets. Where practical, holes shall be
accessible for grouting with the turbine and driven
equipment installed. Grout holes in the drip-pan area
shall have ‘4-inch (13-millimeter) raised-lip edges. If
the holes are located in an arca where liquids could
impinge on the exposed grout, metallic covers with a
minimum thickness of Yis inch (2 millimeters) shall be
provided. Vert holes at least ¥ inch (I3 millimeters)
in diameter shall be provided at the highest points in
cach bulkhead section of the baseplate,

3.3.2.5 When decking is specified, it shall be a non-
skid type covering all walk and work areas on top of
the baseplate.

3.3.2.6  When specified, the baseplate shall be rigid
enough to be mounted without grouling.

3.4 Controls and Instrumentation

3.41 GENERAL

3.4.1.1 Instrumentation and installation shall con-
form to detailed specifications in the purchaser’s in-
quiry or order or both.

3-4.1.2 Unless otherwise specified. controls and in-
strumentation shall be suitable for outdoor installation.

]

3.4.1.3 Where applicable. controls and instrumen-
tation shall conform teo APl Recommended Practice
550, APl Stwandard 670, and API Standard 678.

3.4.1.4 When specified, hand-operated nozzie control
valves shall be supplied for economical operation at
other than normal operating conditions. The vendor
shall state the required number of hand valves and
shall provide performance data {scc 2.1.4.2).

3.4.2 CONTROL SYSTEMS

3.4.2.1 Turbines shall be equipped with a corrosion-
resistant removable stcam strainer located ahead of
the governor and trip valves. The minimum effective
free area of the strainer shall be twice the cross-
sectional area of the turbine inlet connection. The
strainer shall be removable without dismantling the
inlet piping.

3.4.2.2 Unless otherwise specified, a NEMA Class A
oil-relay governor shall be supplied. The governor
shall conform to NEMA SM 23 and shall have the
same or belicr characteristics than those shown in
Tahle 7

3.4.2.3 Unless otherwise specified, speed shall be
adjusted by means of a hand speed changer.

3.4.2.4 When a control signal is specified for speed
adjustment, the vendor shall provide a speed-sciting
mechanism arranged so that:

a. The full range of the purchaser's specified control
signal shall correspond to the required operating range
of the driven equipment. Unless otherwise specified,
the maximum control signal shall correspond to the
maximum continuous speed.

b. Actuation or failure of the control signa! or failure
of the speed-setting mechanism shall not prevent the
governor from limiting speed 10 the maximum permis-
stble, nor shall either occurrence prevent manual
regulation with the hand speed changer.

3.4.2.5 Unless otherwise specified. the adjustable
speed range of the governor and hund speed changer

Table 2—Speed Governors
Class per NEMA

SM 23
Paramcter A D
Maximum steady-rate speed regulation 0 0.5
Maximum speed variation (plus or minus) 075 0.25
Maximum speed rise 13 7
Trip speed 15 110

Note: Al values lexcept rip specd) are in percent of rited speed.
Top-specd values are in frercent af grakidqunTt contineous speed
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shall be a total of 20 percent of the maximum continu-
ous speed—>5 percent greater and 15 percent less than
normal speed,

3.4.2.6 The speed-governing valve shall be the manu-
facturer’s standard, preferably a balanced type.

3.4.27 Trip and speed-governing valves shall have
a metallic or other noncompressible type of bushing-
valve stem packing and an intermediate leakoff when
the maximum inlet steam pressure is 250 pounds per
square inch gauge (17.2 bar gauge) or higher.

3.4.2.8 The turbine shall be equipped with an inde-
pendent emergency overspeed system that shuts off
steam to the turbine when running speed reaches trip
speed (sec Table 2). The emergency trip system shall
have the following characteristics:

a. Easy accessibility.

b. The capability to be manually tripped with maxi-
mum inlet steam pressure and flow in the line.

c¢. The capability to stop the turbine by activating a
force-actuated trip valve under any load condition of
the turbine.

d. The capability to be reset with maximum inlet
pressure on the line.

e. Sparkproof components and suitability for use in
hazardous gas and outdoor locations.

Note: The purchaser should provide a biock valve on the inlet

steam hine close to the turbine. This valve should be closed before
the overspeed trip system is reset.

3.4.2.9 The purchaser and the vendor shall mutually
agree on the need for an exhaust vacuum breaker,
wcluated by the trip system, for turbines with an
exhaust pressure that is less than atmospheric.

Note: For turbines that exhaust lo subatmospheric pressure, even
¢ closed emergency trip valve may leak enough steam to prevent
the turbine and driven equipment from coming to a complele stop,
A vacuum breaker will admit air 10 the exhaust casing, increase
exhaust pressure, and reduce coast-down time. For turbines that
#xhaust 1o a common condensing system, the admission of 2ir may

not be feasible, and a more positive emefgency trip valve or valves
man be required.

3.4.3 GAUGE BOARDS AND INSTRUMENT
PANELS
3.4.3.1 Gauge Boards

“Vhen specified, a local gauge board shall be fur-
nished. The purchaser will speciiy the extent of in-
strumentation required.

3.4.3.2
3.4.3.21

Instrument Panelis

When specified, a panel shall be provided

and shall be designed and fabricated in accordance

with the purchaser's description. The purchaser will
specify whether the panel is to be located on the base
of the unit or freestanding in another location. The
instruments on the panel shall be clearly visible 10 the
operator from the driver control point.

3.4.3.2.2 Panels shall be completely piped and wired,
requiring only a connection to the purchaser's external
piping and wiring circuits. When more than one wiring
point is required on a unit for control or instrumen-
tation, the wiring to each swilch or instrument shall
be provided from terminal pasts mounted in a single
terminal box that is attached 1o 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 shai] be tagged for identi-
fication.

3.4.4 INSTRUMENTATION

® 3.44.1 Tachometers

When specified, 2 tachometer shall be provided. The
type of tachometer, such as electrical or vibrating
reed, will be specified by the purchaser on the data
sheets. Unless otherwise specified, the minimum tach-
ometer range shall be from 0 to 125 percent of the
maximum continuous speed.

3.4.4.2 Temperature Gauges

3.4.4.2.1 Dial-typctcmpcraturcgaugesshaﬂbche.avy
duty and corresion resistant. They shall be at least §
inches (127 millimeters) in diameter and bimetallic or
mercury filled. Black printing on a white background
Is standard for gauges.

3.4.42.2 Thesensing elemants of temperature gauges
shall be in the fowing fluid.

3.4.4.3 Thermowells

Temperature gauges that are located in pressunzed
or flooded lines shall be furnished with ¥-inch (19-
millimeter) Natjonal Pipe Thread (NPT) separable
solid-bar thermowells made of AISI Siandard Type
300 stainless steel.

® 3.4.4.4 Pressure Gauges

Pressure gauges (not incA]uding buill-in instrument
air gauges) shall be furnished with AISI Standard Type
316 stainless stecl bourdon tubes and stainless steel
movements, 4Y2-inch (1 14-millimeter) dials and YA-inch
NPT male alloy steel connections, Black printing on
a white background is standard for gauges. When
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specified, oil-filled gauges shall be furnished in loca-
tions subject 1o vibration. Gauge ranges shall prefera-
bly be sclecied so that the normal operaling pressurc
is at the middle of the gauge's range. In no case,
however, shall the maximum reading on the dial be
less than the applicable relief valve setung plus 10
percent. Each pressure gauge shall be provided with
a device such as a disk insert or blowout back designed
to relieve excess case pressure.

3.4.45 Solenocid valves

T

3.4.5.4 Housings for Arcing-Type Switches

Particular attention is called to the requircments of
2.1.13 concerning the characteristics of housings for
arcing-type switches outlined in the applicabic codes.

3.4.6 VIBRATION AND POSITION DETECTORS

3.4.6.1 The purchaser will indicate on the data sheets
whether noncontacting probes, velocity or acceleration
transducers, and the corresponding monitors are re-
quired.

Solencid valves shall have a continuous service
rating with Class F insulation.

345 ALARMS AND SHUTDOWNS
- 3.4.5.1

Switches and control devices shall be furnished and
mounted by the vendor, as specified.

General

3.4.5.2 Sentinel Warning valve

When specified, a sentine! waming valve shall be
supplied on the turbine casing. For condensing tur-
bines, it shall be set at § pounds per square inch gauge
(0.35 bar gauge). For noncondensing turbines, the
minimum setting shall be either 10 percent or 10 pounds
per square inch gauge (0.7 bar gauge) above the
maximum exhaust pressure, whichever is greater.

Note: A senting] warmng valve ic anly an audible warning device
and not a pressure-relieving device.,

3.4.53 Alarm andg Trip Switches

3.4.5.3.1  Each alarm switch and each shutdown switch
shall be furnighed in a separate housing located 1o
facilitate inspection and maintenance., Hermetically
scaled, single-pole, double-throw switches with a mini-
MM capacily of 5 amperes at 120 volts AC shall be
used. Mercury switches shall not be used,

3.45.3.2 Unless otherwise specified, electric switches
that open (deenergize) to alarm and close (encrgize)
1o trip shall be furnished by the vendor.

3.4.5.3.3  Alarm and trip switch settings shall not be
adjustable from outside the housing.

3.4.5.3.4 Pressure-sensing elements shall be of AISI
Standard Type 100 statnless steel. '

3.4.5.3.5 The vendar shall furnish with the proposal
+ complete description of the alarm and shutdown
actlitics to be provided.

3.4.6.2 When specified, vibration and axial-position
transducers and monitars shall be supplied, installed,
and calibrated in accordance with API Standard 670.

3.4.6.0 When specified, velocity and acceleration
transducers and monitors-shall be supplied, installed,
and calibrated in accordance with API Standard 678.

3.5 Piping and Appurtenances
3.5.1 GENERAL

3.5.1.1  Piping design, joint fabrication, examination,
and inspection shall be in accordance with ASME
B31.3. Unless otherwise specified, radiographic ex-
amination is not required.

3.5.1.2 Auxiliary systems arc defined as piping sys-
tenvs that are in the following services:

2. Steam, including sealing stcam.
. Instrumeni and control air.
. Lubricaling oil.
. Control oil,
. Cooling water.
Drains and vents.

™m0 a0 g

Auxiliary sysiems shall comply with the reguirgments
of Table 3,

Note: Casing conncctions are discussed in 2.4,

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

3.5.1.4 When the turbine vendor provides the base-
plate, ali piping systems for the equipment provided
by the turbine vendor, including mounted appurte-
nances that are located within the confines of the main
unit's base arca, any console basc area, or any auxiliary
base arca, shall be furnished. The piping shall terminate
with flanged connections at the cdge of cach basc.
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Table 3—Minimum Requirements for Piping Materials

Stearn

=75 pounds per

>75 pounds per

Cooling Watser

Lube O

sgquare inch squarc inch Standard
System gauge gauge {=linch} Optional =1 inch =% inches
Pipe Seamless® Seamless* — ASTM A 120, — ASTM A 312,
Schedule 40, Type 304 or 3¢
galvanized to stainless steet™
ASTM A 153
Tubing ASTM A 269, — ASTM A 269, — ASTM A 269, —
seamless Type seamless Type seamless Type
304 or 316 304 or 316 304 or 316
stainiess steel stainless steel* stainiess steele
All valves Carbon steel, Carbon steel, Bronze, Bronze, Carbon stecl, Carbon steel,
Class 800 Class 800 Class 200 Class 200 Class 800 Class 80
Gate and globe Bolted bonnet Bolted bonnet — — Bolted bonnet Bolted bonnet
valves and gland and gland and gland and gland
Pipe fittings Forged, . Forged, ASTM A 338 ASTM A 338 Stainless steel Stainfess stee]
and unions Class 3000 Class 3000 and A 197, and A 197,
Class 150 Class 150
malleable iron, malleable iron,
galvanized to galvanized to
ASTM A 153 ASTM A 153
Tube fittings Carbon steel, — Manufac_!urcr's — Carbon steel, —
compression, standard compression,
manufacturer's manufacturer’s
standard standard
Fabricated Threaded Socket welded Threaded Threaded — Carbon stee|
joints <14 slip-on flange
inches
Fabncated Slip-on flange Socket-weld or Purchaser to Purchaser to — Carbon stee|
. joinls =2 weld-neck flange specify specify slip-on flange
inches
Gaskets Type 304 or 316 Type 304 or 316 — — — Type 304 or 314
stainless steel, stainless steel, stainless stee),
spiral wound, or spiral wound, or spiral wound
iron or soft steel iron or soft steel
Flange bolting ASTM A 193, ASTM A 193, — —_ —_ ASTM A 193,
Grade B7 Grade B? Grade B7
ASTM A 194, ASTM A 154, ASTM A 194,
Grade 2H Grade 2H Grade 2H

Note: Carbon steel piping shall conform to ASTM A 53, Grade B;
ASTM A 106, Grade B; or APl Specification 5L, Grade A or B.
Carbon steel fittings, valves, and flanged componerus shall conform
1o ASTM A 105 and A 18). Stainless stee! piping sha!l conform to
ASTM A 312,

3.5.1.5 The design of piping systems shall achieve
the following:

a. Proper support and protection to prevent damage
[rem vibration or from shipment, operation, and main-
tenance.

b. Proper flexibility and normal accessibility for op-
cration, maintenance, and thorough cleaning.

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

. d. Elimination of air pockets.

* Schedule 80 (or diameters from % inch to I'4 inches; Schedule 40
for diameters 2 inches and larger,

* Schedute 40 for a diameter of 1% inches: Schedule 10 for diameters
of 2 inches and larger.

® Yrinch diameter % 0.065-inch wall, Ya-inch diameter x 0.095.inch
wall, or I-inch diameter x 0.109-inch wall.

e. Complete drainage through low points without dis-
assembly of piping.

3.5.1.6 Piping shall preferadly be fabricated by bend-
ing and welding to minirflizc the use of flanges and
fittings. Welded flanges are permitted only at equip-
ment connections, at the cdge of any base, and for
case of maintenance. Other than tees and reducers,
welded fittings arc permitted only to facilitate pipe
layout in congested i vas. Threaded connections shall
be held 1o a mimmum. Pipe bushings shall not be used.
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3.5.1.7 Pipe threads shall be taper threads in accord-
ance with ASME B1.20.1. Flanges shall be in accord-
ance with ANSI Bi6.5. For socket-welded construc-
tion, 2 Yis-inch (1.6-millimeter) gap shall be left between
the pipe end and the bottom of the sockel.

3.5.1.8 Welding is not permitted on instruments or
cast iron equipment or where disassembly is required
for maintenance.

3.5.1.9 Connections, piping, valves, and fittings that
are 1V, 24 3%, 5,7, or 9 inches in size shall not be
used.

3.5.1.10 The minimum size of any connection shall
be Y2 inch nominal pipe size.

3.5.1.11  Piping systems furnished by the vendor shal)
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.

3.5.2 OIL PIPING

3.5.2.1  Oil drains shail be sized to run no more than
half full when flowing at a velocity of 1 foot per second
(0.3 meter per second) and shall be arranged to ensure
good drainage (recognizing the possibility of foaming
conditions). Drain lines shall slope downward, at least
1:50 toward the reservoir. If possible, laterals (not
more than one in any transverse plane} should enter
drain headers al 45-degree angles in the direction of
the flow.

3.52.2 Nonecnsumable backuprings and sleeve-type
Joints shall not be used. Pressure piping downstream
of oil filters shall be free from internal obstructions

i

that could accumulate dirt. Socket-welded fittings shall
not be used in pressure piping dowastream of ol filters,

3.6 Special Tools

3.6.1  When special tools and fixtures are required to
disassemble, assemble, or maintain the unit, they shall
be included in the quotation and furnished as part of
the initial supply of the machine. For multiple-unit
installations, the requirements for quantities of special
tools and fixtures shall be mutually agreed upon by
the purchaser and the vendor. These or similar special
tools shall be used during shop assembly and post-test
disassembly of the equipment.

3.6.2 When special tools are provided, they shall be
packaged in separate, rugged boxes and marked "*spe-
cial tools for {tag/item number).”” Each tool shall be
tagged to indicate its intended use.

3.7 Insulation and Jacketing

3.7.1  When specified, turbines shall be insulated and
jacketed. The insulation and jacketing shall extend
over all portions of the turbine casing that may reach
a normal operating temperature of 165°F (74°C) or
higher. Blanket-type insulation is an acceptable alter-
native to insulation and jackeling.

3.7.2 The insulation shall maintain a jacket surface
temperature of not more than 165°F (74°C) under
normal operating conditions. Jacketing and insulation
shall be designed to minimize possible damage during
removal and replacement,

SECTION 4—INSPECTION AND TESTING

4.1 General

4.1.1  After advance notification of the vendor by the
purchaser, the purchaser’s representative shall have
cntry 1o all vendor and subvendor plants where manu-
fucturing, testing, or inspection of the equipment is in
process.

4.1.2 The vendor shall notify subvendors of the
purchaser’s inspection and testing reguirements.

4.1.3 The vendor shall provide sufficient advance
notice to the purchaser before conducting any inspec-
liqn or lest that the purchaser has specified to be
witnessed or observed.

4.1.4 The purchaser’s representative shall have ac-
cess to the vendor's quality control program for review.

® 4.1.5 The purchaser will specify the extent of his

participation in the inspection and testing.

4.1.5.1 When shop inspection and testing have been
specified by the purchaser, the purchaser and the
vendor shall coordinate manufacturing hold points and
inspectors’ visits.

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

4.1.5.3 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,
andf the purchaser er his representative is not present,
the vendor shall proceed to the next step. {The pur-
chaser should expect to be in the factory longer than
for a witnessed test.)

4.1.6  Equipment for the specified inspection and tests
shall be provided by the vendor.

4.2 Inspection
4.2,1 GENERAL -
4.2.1.1  Mill test reports are not required for standard

components that are normally caried in inventory,
including bulk raw material.

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

4.2.1.3 The purchaser will specify the following:

a. Parts that shall be subjected to surface and subsur-
face examination.

b. The type of examination required, such as magnetic
particle, liquid penetrant, radiographic, and ultrasonic
cxamination.

4.2.2 MATERIAL INSPECTION
4.2.21

4.2.2.1.1 Casting surfaces shall be examined visually
by the vendor and shali be free from adhenng sand,
scale, cracks, and hot tears. Other surface disconti-
nuities shall meet the visual acceptance standards
specified by the purchaser. Visual method MSS SP 55
or other visual standards may be used to define ac-
ceplable surface discontinuitics and finish.

General

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

4.2.2.2 Radiography

4.2.2.2.1 Radiography shall be in accoriunce with
ASTM E 94 and ASTM E 142,

4.2.2.2.2 The acceptance standard used for welded
fubrications shull be Section VI, Division 1, UW-52.
of the ASME Cede. The acceptance siandard used for
castings shall be Section VII, Division 1, Appendix
7, of the ASME Code.

4.2.2.3 Ultrasonic inspectlon

4.2.2.3.1 When specified. all forgings and bar stock
for major rotating elements shall be 100-percent ultra-
sonically inspected after rough machining in accord-
ance with ASTM A 388. Acceptable criteria shall be
mutually agreed upon by the purchaser and the vendor.

4.2.2.3.2 Ulirasonic inspection shall be in accordance
with Section V, Article §, of the ASME Code.

4.2.2.3.3 The acceptance standard used for welded
fabrications shall be Section V111, Division 1 , Appendix
12, of the ASME Code. The acceptance standard used
tor castings shall be Section V111, Division I, Appendix
7, of the ASME Code.

4.2.2.4 Magnetic Particle Inspection

4.2.2.4.1 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
fabrications shall be Section VI, Division t, Appendix
6, 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 4.

4.2.2.5 Liquid Penetrant inspection

4.2.2.5.1 Liquid penetrant inspection shall be in ac-
cordance with Section V, Article 6, of the ASME
Code.

4.2.2.5.2 The acceptance standard used for welded
fabrications shall be Section V111, Division 1, Appendix
8, of the ASME Code. The acceptance standard used

Table 4—Maximum Severity of Defects in Castings

Maximum
Type Defect Seventy Level

I Lincar discontinuities 1

§] Shnnkage 2
11 Inclusions 2
v Chills and chaplets ]

v Porosity t
V1 Welds 1
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for castings shall be Scction VIIE, Division I, Appendix
7. of the ASME Code.

Mote: Regardless of these generalized bmits. it shall be the vendor's
responsibility o review the design limits of ali castings in the event
that more siringent requirementt are necessyry. Defects that exceed
the limits impased in Tabie 4 shall be removed ta meet the guality
standards cited abave, as deicrmuned by the inspection method
specified,

4.2.3 MECHANICAL INSPECTION

4.2,.3.1 During assembly of the system and before
lestmg, each ccmpone:nl (mciudmg casl-in passagcs of

shall bc clcancd chcmnca]iy or by anolhcr appropnalc
method to remove foreign materials, corrosion prod-
ucls, and mill scale.

4.23.2  Any portion of the oil system furnished shail
meet the cleanliness requirements of API Standard
614,

4.3 Testing
4.3.1 GENERAL

4.3.1.1 Equipment shall be tested in accardance 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 The vendor shall notify the purchaser not less
than 5 working days before the date the equipment
will be ready for testing.

4.3.2 HYDROSTATIC TEST

4.3.2.1 Pressure-containing parts (including auxil-
iarics) shall be tested hydrostatically with liquid at a
minimum of } % times the maximum allowable working
pressure but not less than 20 pounds per square inch
gauge (1.4 bar gavge). The test liquid shall be at 2
higher temperature than the nil-ducnlity transition
iemperature of the material being tested.

4.3.2.2 Ifthe parttested is (o operate at a temperature
at which the strength of a material is below the strength
of that material at room temperature, the hydrostatic
test pressure shall be multiplied by a factor obtained
by dividing the allowable working stress for the ma-
lerial at room temperature by ihat at operating tem-
perature. The stress values used shall conform to those
glven in ASME B31.3 for piping or in Section VI1iI.
Division |, of the ASME Code far vessels. The pressure
thus obiained shall then be the minimum pressure at
which the hydrostatic test shall be performed. The
data sheets shall list actual hydrostatic test pressures.

4-3:2-3 Tests shall be maintained for a sufficient
period of tme 1o perinit complete examination of parts

4

under pressure. The hydrostatic test shall be consid-
cred satisfactory when neither leaks nor seepage throuch
the casing or casing joint is observed for a nunimum
of 15 minutes. Seepage past internal closures required
for testing of segmented cases and operation of a test
pump to maintain pressure arc acceplable.

4.3.2,4 The use of 2 sealant compound an the casing
joints 1s acceptable during hydrotest. :

4.3.3 MECHANICAL RUNNING TEST

shall be met before the mechanical running test is
performed.

4.3.3.1.1 The contract shaft scals and bearings shall
be used in the machine for the mechanical running
test.

4.3,3.1.2 All oil pressures, Rows, viscositics, and
temperatures shall be within the range of operating
values recommended in the vendor' s operating instruc-
tions for the specific unit being tested. When specified
for pressure lubrication systems, oil flow rates for each
bearing housing shall be determined.

4.3.3.1.3 Test-stand oil filtration shall be 25 microns
nominal or better. Oil system components downstream
of the filters shall meet the cleanliness requirements
of APl Standard 614 before any test is started.

4.3.3.1.4 Bearingsusedin oil mist lubrication systems
shall be prelubricated.

4.3.3.1.5 When noncomdacting probes are not pro-
vided and when vibration cannot be measured on the
shaft, radial vibration of the housings shall be recorded
using shop instrumentation dunng the test. The mea-
surements shall be taken on the lop and side of each
bearing housing.

4.3.3.1.,6 When purchased, job vibration probes, ca-
bles, oscillator-demodulators, and accelerometers shall
be in use during the test. If vibration probes are not
furnished by the equipment vendor or if the purchased
probes are not compalible with shop readout facilitias,
then shop probes and readouts that meet the accuracy
requirements of APl Standard 670 and Standard 678
shall be used.

4.3.3.1.7 The vibration chara¢tenstics determined by
the use of the instrumentation specified in 4,3,3.[.5 or
4.3.3.1.6 shall serve as the basis for acceptance or
rejection of the machine (see 2.8.4.5 and 2.8.4.9).

4.3.3_.1-8 All joints und connections shall be checked
for tightness, and any lezks shall be corrected.
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4.3.3.1.9 Allwarning. protective, and control devices
shall be checked. und adjustments shall be made as
required.

4.3.3.2 Turbines shallbe givena I-hour uninterrupted
no-load running test al maximum continuous speed,

4.3.3.3 Unless otherwise specified, the control sys-
tem shall be demonstrated and the mechanical running
test of the equipment shail be conducted as specified
in 4.3.3.3.1 through 4.3.3.3.7,

4.3.3.3.1 Steam conditions shall be as close to normal
as practical.

4.3.3.3.2 The equipment shall be operated at speed
increments of approximately 10 percent from zero to
the maximum continuous speed and run at the maxi-
mum continuous speed after lube-oil temperatures and
shaft vibrations have stabilized.

4.3.3.3.3 The speecd shall be increased to 110 percent
of the maximum continuous speed, and the equipment
shall be run for a minimum of 15 minutes at the
increased speed.

4.3.3.3.4 Vibration readings shall be taken at maxi-
mum continuous speed, just below trip speed, and at
minimum operating speed after the stabilization de-
scnibed in 4.3.3.3.2. Maximum allowable vibration
limits are described in 2.8.4.5 or 2.8.4.9 as applicable.
Any critical speeds below maximum continuous shall
be determined. Vibration limits for operation just below
trip speed for turbines covered by 2.8 4.9 are 1.5 times
the stated values.

4.3.3.3.5 Overspeed trip devices shall be chacked
and adjusted until three consecutive nontrending trip
values within =2 percent of the nominal trip setting
are attained.

4.3.3.3.6 The speed governor and any other speed-
regulating devices shall be tested for smooth perform-
ance over the operating speed range. No-load stability
and response to the control signal shall be checked.

4.3.3.3.7 As a minimum, the following data shall be
recorded for variable-speed governors: the sensitivity
and finearity of the relationship between speed and
the controd signal, and for adjustable governors, the
response speed range,

4.3.3.4  Unless otherwise specified, the requirements
of 4.3.3.4.t through 4.3.3.4.3 shall be met after the
mechanical running test is completed.

4.3.3.4.1  Hydrodynamic bearings shall be removed,
inspected, and reassembled after the mechanical run-
ning test is completed.

4.3.3.4.2 If replacement or medification of bearings
or seals or dismantling of the case to replace or modify
other parts is required (o correct mechanical or per-
formance deficiencies, the initial test will not be ac-
ceptable, and the fina! shop tests shall be run after
these replacements or corrections are made.,

4.3.3.4.3 When spare rotors are ordered 1o permit
concurrent manufacture, each spare rotor shall also
be given a mechanical running test in accordance with
the reguirements of this standard.

® 4.3.4 OPTIONAL TESTS

The purchaser will specify in the inquiry or in the
order if any of the shop tests specified in 4.3.4.1
through 4.3.4.5 shall be performed.

4.3.4.1

Performance tests shall preferably be conducted at
normal power and speed under normal steam condi-
tions. If this is not practical, the vendor shall state the
conditions under which he proposes to conduct the
tests. Performance tests shall generally be conducted
in accordance with ASME PTC 6. Details shall be
subject 1o negotiation.

Performance Tests

Nate: Performance tests are not normally required on this class of
cquipment.

® 43.4.2 Complete-Unit Test

Such components as driven equipment and auxil-
iaries that make up a complete unit shall be tested
together during the mechanical running test. The com-
plete-unit test shall be performed in place of or in
addition to separate tests of individual components
specified by the purchaser,

® 4.3.4.3 Gear Test

The gear shall be tested with the turbine during the
mechanical running test, as mutually agreed upon by
the purchaser and the vendor.

4.3.4.4 Sound-Level Test

The sound-level test shall be performed in accord-
ance with APl Standard 615.

4.3.4.5 Auxiliary-Equipment Test

Auxiliary equipment such as ol systems, gears, and
control systems shall be tested in the vendor's shop.
Details of the auxiliary-equipment tests shall be de-
vetoped jointly by the purchaser and the vendor.
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4.4 Preparation for Shipment

4.4.1 Equipment shall be suitably prepared for the
type of shipment specified, including blocking of the
rotor when necessary. The preparation shall make the
equipment suitable for 6 months of outdoor storage
from the time of shipment, with no disassembly re-
quircd before operation, except for inspection of bear-
ings and scals. If storage for a longer period is contem-
plated, the purchaser will consult with the vendor
regarding the recommended procedures to be followed.

4.4.2 The vendor shall provide the purchaser with
the instructions necessary 1o preserve the integrity of
the storage preparation after the equipment arrives at
the job site and before start-up.

4.4.3 The equipment shall be prepared for shipment
after all testing ard inspection has been completed.
The preparation shall include that specified in 4.4.3.1
through 4.4.3.13.

4.4.3.1 Exterior surfaces, except for machined sur-
faces, shall be given at least one coat of the manufac-
turer’s standard paint.

4.4.3.2 Exterior machined surfaces shalli be coated
with a suitable rust preventive.

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. The rust preventive
shall be applied through all openings while the machine
15 stow rolled.

4.4.3.4 Internal steel areas of bearing housings and
the oil side of oil system equipment, such as filters
and coolers, shall be coated with a suitable oil-solubie
rust preventjve,

4.4.3.5 Flanged openings shali be provided with metal
closures at least % inch (4.8 millimeters) thick, with
rubber gaskets and at least four full-diameter bolts.
For studded openings, all nuts needed for the intended
service shall be used to secure closures.

4.4.3.6  Threaded openings shall be provided wiih
caps or round-head plugs in accordance with ANSI
B16.11. The caps or plugs shall be made of material
that is equal 1o or better than that of the pressure
casing. In no case shall nonmetallic (such as plastic)
cuaps or plugs be used.

4.4.3.7 Openings that have becn beveled for welding
shall be provided with closures designed to prevent
entrance of foreign materials and damage to the bevel.

4

4.4.3.8 Lifting points and lifting lugs shall be clearly
identified.

4.4.3.9 The eguipment shall be identified with tlem
and sernal numbers, Matgrial shipped separately shall
be tdentified with securely affixed, corrosion-resistant
metal tags indicating the item and scrial number of the
equipment for which it is intended. In addition, crated
cquipment 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 shall be housed in a vapor-
barrier envelope with a slow-relcase vapor-phasc in-
hibitor. Suitable lead sheeting, at least ¥ inch (3.2
millimeters) thick, shall be used between the rotor and
the cradle at the support areas. The rotor shall not be
supported at journals.

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

4.3.2.12  All turbines that are supplied without self-
supporting baseplates shall be boited to a shipping
skid formed of heavy timbers and suitable for handling
by a forkhift truck or sling. Larger turbines shall have
supports as required by the mode of transportation
and handling.

4.4.3.13 Turbines that have carbon rings shall be
shipped with the rings installed. The vendor shall
indicate in the instruction manual if the carbon-ring
gland housing must be cieaned before initial start-up.

4.4.4 Components (both individual pieces and pack-
aged sets) that are shipped with mounted preassembled
piping, tubing, or wiring shall comply with the require-
ments of the Occupational Safety and Health Admini-
stration.

4.4.5 Auxiliary piping connections furnished on the
purchased equipment shall be impression stamped or
permanently tagged to agrece with the vendor's con-
nection table or general-arrangement drawing. Service
and connection designations shall be indicated.

4.4.6 Onc copy of the manufacturer’s standard in-
stallation instructions shall be packed and shipped with
the equipment.
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SECTION 5—VENDOR'S DATA

5.1 Proposals

The vendor’s proposal shall include the information
isted in Items a through n below.,

a. A copy of the Vendor Drawing and Data Require-
ments form (see Appendix E) indicating the schedule
wccording to which the vendor agrees to furnish the
data requested by the purchaser (see 5.2).

5. A specific statement that the system and all its

components are in strict accordance with this standard,
'f the system and components are not in strict accord-
:nze, the vendor shall include a specific list that details
and explains each deviation.: —

<. Copies of the purchaser’s data sheets with complete
vendor’s information entered thereon.

d. If specified, a performance curve of steam flow
versus power for various hand valve settings when
they are operated at normal speed and steam condi-
tions.

e. Utility requirements such as steam, water, electrici-
ly. and lube oil, including the quantity of lube oil
required at the supply pressure, the heat load to be
removed by the oil, and the driver ratings and net
‘oads. (Approximate data shall be defined and clearly
identified as such), This information shall be emtered
on the data sheets,

{. Maximum shipping weight entered on the data
sheets,

8. A preliminary dimensional outline drawing that
=2ows available locattons of inlet and exhaust open-
ings,

k. A list of spare parts recommended for start-up and
normal mainlenance purposes, (The purchaser will
spectfly any special requirements for long-term stor-
age.)

1. An itemized list of the special tools included in the
offering. The vendor shall list any melric items included
in the offering.

J - An outline of all necessary special weather protec-
tien required by the turbine and its auxiliaries for start-
up. operation, and idleness. The vendor shuall list
sepurately the protective items he proposes to furnish.
k. Typical cross-scctional drawings and literature to
fully describe details of the offerings.

b Schematic diagrams of the Iube-oil system and
slund-sealing system when furnished by the turbine
vendor,

m. Alarm and shutdown facilities (see 3.4.5.3.5).

n. Laterat critical speed values (see 2.8.2.1).

5.2 Contract Data
5.21 GENERAL

5.2.1.1 The following paragraphs specify information
to be furnished by the vendor. The vendor shall
complete and forward the Vendor Drawing and Data
Requirements form (sce Appendix E), if teceived from
the purchaser, to the address or addresses noted on
the—order—This form shall dewil 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.

5.2.1.2 The data shall be identified on the transmittal
(cover) letters and in title blocks or pages with the
following information:

a. The purchaserfuser's corporate name.

b. The job/project number.

¢. The equipment name and item number.

d. The purchase arder number.

. Any other identification specified in the purchase
order.

f. The vendor's identifying shop order number, serial
number, or other reference required to identify return
torrespondence completely.

9.2.2 DRAWINGS

5.2.2.1 The purchaser will siatz in the inquiry and in
the order the number of prints and/or reproducibles
required and the times within which they are (o be
submitted by the vendor (see 5.1, Item ak

5.2.2.2 The purchaser will prompily review the ven-
dor's drawings when they are received; however, this
review shall not constitute permission to deviate from
any requirementsin the order unless specifically agreed
upon in writing. Afier the drawings have been re-
viewed, the vendor shall furnish certified copies in the
quantity specified. Drawings shall be clearly legible
and in accordance with ANS! Y 14.2M.

5223 The following information shall be provided
on the drawings: '

a. The purchaser’s order number (on every drawing).
b. The purchaser's equipment item number (on every
drawing).

¢. The vendor's shop erder and/or serial number fon
every drawing).
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d. The weight of cach assembly, of the heaviest piece
of cquipment that must be handled for erection. and
of significant items to be handled for maintenance.
<. Principal dimensions, including those required for
the purchaser's teundation, piping design, maintenance
clearances, and dismantiing clearances.
{. The direction of rotation.
g. The size, type, location, and ideatification of all the
purchaser’s connections, including vents, drains, lube
oil, conduits, and instruments. (The vendor's plugged
connections shall be 1identified.)
h. When applicable, the make, size, and type of
couplings, and the location and extent of coverage of
the guards.
1. A list of reference drawings, shown on the outline
drawing, if applicable.
j. A list of any special weather-protection and clima-
tization features.
k. Cold-alignment setting data for equipment furnished
by the vendor. Data on expected thermal growih,
including transient effects, shall be included.
. Complete information to permit adequate foundation
design by the purchaser. This shall include but shall
not be limited to the following:

!. Grouting details.

2. The size and location of foundation bolts.

3. The weight distribution for each bolt/subsaleplate

location.
m. The location of the center of gravity and rigging
provisions to permit removal of the top half of the
castng, the rotor, and any subassemblies that weigh
more than 300 pounds (136 kilograms).

5.2.2.4 The vendor shall supply schematic diagrams
of each system in the vendor's scope of supply, as
well as outline drawings and specifications for the
components.

5.2.25 The vendor shall supply cross-sectional or
assembly-type drawings for all equipment furnished,
showing all parts, running fits, clearances, and bal-
ancing data required for erection or maintenance.

5.2.3 CURVES

When specihed, the vendor shali provide the follow-
ing performance curves:

a. Steam flow versus power for various settings of the
hand valve or valves when the turbines are operating
at normal speed and steam conditions.

b. For multistage turbincs, first-stage pressure versus
steam flow when the turbines are operating at normal
speed and steam conditions.

5.2.4 DATA

52.4.1 The vendor shall provide full information tao
enable completion of the data sheets, first for “as
purchased™ and then for “"as built.”” This should be
done by the vendor correcting and filling out the data
shects and submitting copies to the purchaser.

5.2.4.2 When specified, the vendor shall make the
following information available to the purchaser:
a. The vendor's physical and chemical data from mull
reporis (or certification) of nodular iron or steel pres-
sure parts and forgings.
b. Certified shop logs of the mechanical running test.
c. A record of shop test data (which the vendor shall
maintain for at least 5 years after the date of shipment),
When specified, the vendor shall submit certified copies
of the test data to the purchaser befere shipment.
d. The required number of lateral critical and torsional
analysis reports (which the vendor shall fumish no
later than 3 months after the date of the arder). The
lateral crtical speed analysis shall include but shall
not be limited to the following:
I. A complete description of the method used to
determine the critical speeds.
2. A graphic disptay of the critical speeds versus
the operating speeds.
3. A graphic display of support stiffness and its
effect on the critical speeds.
4. A graphic display of the rotor response to the
unbalance weight.
5. A listing of journal static loads.
6. Alisting of the stiffness and damping coefhicients
used in the calculation.
7. A description of the tilting-pad bearing geometry
and configuration, including pad angle, pivot clear-
ance, pad clearance, and preload.
The torsionat analysis shall include but shall not be
limited to the following:
I. A complete description of the method used to
determine the critical speed.
2. A graphic display of the mass elastic system.
3. A 1able identifying the mass moment and tor-
sional stiffness of each component identified in the
mass elastic system.
4. A graphic display of exciling sources versus
speed and frequency.
5. A graphic display of torsional ¢ritical speeds and
deflections (that is. a mode shape diagram).
6. The thrust bearing stiffness and damping coef-
ficients used.
7. The effect of alternative couplings on the analy-
sis.
c. The caleulated rotor response reports.,
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f. Optional tesi data and reports specified by the
purchaser.

g. Campbell and Goodman diagrams or their cquiva-
lents for the specified speed range.

h. A record of all balance corrections in accordance
with Appendix B.

I. ASME pressure vessel fabrication data including
the manulacturer’s data report, rubbings of the code
stamp, stress relief charts, and mill 1est reports.

J. Electnical and mechanical runout report,

K. As-built thrust-bearing, radial-bearing, and seal
clearances provided by the vendor.

5.2.4.3 The vendor shall furnish a parts list for all
equipment supplied. The list shall completely identify
cach part so that the purchaser may determine the
interchangeability of the part with other equipment
furnished by the same manifacturer. Standard pur-
chased items shall be identified by the original manu-
facturer's name and part number.

5.2.4.4 No more than 5 days after the shipping date,
the vendor shall furnish the required number of in-
struction manuals in accordance with 5.2.5 for the
equipment and any auxiliares and instruments pro-
vided by the vendor.

5.2.4.5 The vendor shall submit a supplementary list
of spare parts other than those included in the original
proposal. This supplementary list shall include rec-
ommended spare parts, cross-sectional or assembly-
type drawings, parts numbers, materials, prices, and
delivery times. Parts numbers shall identify each part
for purposes of interchangeability. Standard purchased
items shall be identified by the onginal manufacturer’s
numbers. The vendor shali forward this supplementary
list to the purchaser promptly after rcceipt of the
approved drawings and in time to permit order and
delivery of parts before field start-up.

INSTALLATION AND INSTRUCTION
MANUALS

5.2.5

5.2.5.1  All information reguired for proper installa-
tion design and actual installation thal is not shown
on the drawings shall be compied in a stngle document,
This information should be forwarded at a iime mu-
tually agreed upon in the order but not later ihan final-
issue prints. [t should contuin information such as
alignment or grouting procedures, utility specifications
(inctuding quaniity), and all installation design data.

5.2.5.2 Munufacturers shall provide sufficient written
nstructions including referenced drawings 1o cnable
the purchnscrlucorrccllyins:uil_upcrutc,und maintain
the complete cquipinent ordered. This information

]

shall be compiled in a manual or manuals with a cover
sheet that conlains section titles and a complete list
of referenced and enclosed drawings identificd by title
and drawing number,

5.2.5.3 The manuals shall include legible drawings
of the equipment furnished (typical drawings are ac-
ceptable), a parts list, and completed data sheets., They
shall also inciude instructions covering installation,
final tests and checks, start-up, shutdown, operating
limits, and operating and maintenance procedures. The
recommended clearances and maximum and minimum
design clearances shall be clearly stated.

5.2.5.4 The manual containing operating and main-
tenance data shall be forwarded not later than § days
after the shipping date. If required, the manua! shall
include a section that covers special instructions for
operation at specified extreme environmental condi-
tons, such as temperature. The manual shall include
the information specified in Items a through g below:

a. Instructions covering start-up, normal shutdown,
emergency shutdown, operating limits, and routine
operating procedures.
b. A description of turbine construction features and
the functioning of component parts of governing,
lubrication, overspeed-protection, and steam-sea) leak-
off systems.
¢. Outline drawings, sectional drawings, schematic
sketches, and illustrative sketches in sufficient detail
to identify all parts and show clearly the operation of
all equipment and components and the methods of
inspection and repair. Standardjzed sectional drawings
are acceplable only if they represent the actual con-
struction of the turbine.

d. Instructions for erection, piping, and alignment

[tncluding expected thermally induced shaft cenlerline

movement batween the position at 60°F (16°C) ambient

temperature and that at normal operating steam tem-
perature and pressure].

e. A description of rigging procedures, methods of

disassembly, repair, adjustment, and inspection, and

reassembly of turbines and auxiliaries.

f. Maintenance informution including the following:
. The maximem and minimum labyrinth, packing,
and bearing clearances. :

2. Instructions for measuring and adjusting cold
clearances.

3. The rotor-float allowance and axiz! clearance
tolerunces of the blades,

4. The numout and concentricity tolerances on sHafis,
wheels, and thrust collars.
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g- Reassembly information that includes the foliowing:
I. The bolting sequence and torque values for such
items as casing bolting, internal bolting, and thrust-
coltar locknuts.

2. The reassembly scquences together with re-
quired inspection checks.

3. The adjustment procedures necessary to achicve
required positions, clearances, float, and so forth.

i

4. The detailed procedures for a preoperational
cheek, setting, and adjustment of the overspeed
tnp device, the trip valve, and the spced-governing
valve,

3. The coupling installation procedurc.
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APPENDIX B—DAMPED UNBALANCED RESPONSE ANALYSIS

B.1 Lateral Analysis

B.1.1  When a damped unbalanced response analysis
has been specified, the analysis shall include but shall
not be limited to the following considerations:

a. Support (base, frame, and bearing-housing) stiff-
ness, mass, and damping characteristics, including the
effects of rotational speed variation. The vendor shall
state the assumed support-system values,

b. Changes in the stiffness and damping of bearing
fubnicant film and interstage clearance items resulting
from speed, load, preload, lube-oil and steam tempera-
tures, accumulated assembly tolerances, and maximum
to minimum clearances.

¢. Rotational speed, inciuding the various starting-
speed detents, operating speed and load ranges {in-
cluding agreed-upon test conditions if they are different
from those specified), trip speed, and coast-down
conditions.

d. Rotor masses, including the mass moment. of cou-
pling halves, stiffness, and damping effects (for ex-
ample, accumulated fit tolerances, fuid stiffening and
damping, and frame and casing effects).

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

B.1.2  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).

B.1.3 As a minimum, the damped unbalanced re-
sponse analysis shall include the following:

a. A plot and identification of the mode shape at each
resonant speed (entically damped or not) from zero to
trip, as well as the next mode occuring above the trip
speed.

b. Frequency, phase, and response amplitude data at
the vibration probe locations through the range of cach
critien] speed, using the following arrangement of
unbalance 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
the lollowing equation:

[z
- N

{B-1

41

In SI units, this transiates to:

12,000
L, =254
i
Where:
L, = vibration limit (amplitude of unfiltered vibra
tion), in mils {micrometers) pcak to peak.
N = operating speed nearest the critica of concern

in revolutions per minute.

This unbalance shall be no less than two times and n¢
more than eight times the unbalance limit specified it
2.8.4, The unbalance weight or weights shall be placec
at the location or locations within the bearing spar
that have been analytically determined to affect the
particular mode most adversely (for example, at mic
span for translatory modes or near both ends and 18
degrees out of phase for conical modes). For bending
modes that have maximum deflcctions at the shaf:
ends, the amount of unbalance shall be based on the
overhung mass rather than the static bearing loading,
c. Modal diagrams for each response in Item b above,
indicating the phase and major-axis amplitude at cach
coupling engagement plane, the centerfines of t
bearings, the locations of the vibration probes, *b
each seal area throughout the machine. The mini.
design diametral running clearance of the seals shall
also be indicated.

d. For the purposes of the verification test (see B.2),
an additional plot of a test unbalance, as specified in
[tem b above (based on static bearing loading for rigid
modes or overhung mass for bending modes), which
shall be placed at a location determined by the vendor.
e. When specified, a stiffness map of the undamped
rotor response from which the damped unbalance
response analysis specified in ltem ¢ above was de-
rived. This plot shall show frequency versus support-
system stiffness, with the calculated support-sysjem
stffness curves superimposed.

B.1.4 The demped unbalanced response analysis shalj
indicate that the machine in the unbalanced condition
described in B.1.3, ltem b, will meet the following
acceptance cnteria (sce Figure 1):

a. If the amplification factor is less than 2.5, the
response is considercd critically damped and no sep-
aration margin is required.,

b. If the amplification fuctor is between 2.5 and 3.55,
a separation margin of 15 percent above the maximum
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continuous speed and 5 percent below the mimimum
.opcmling speed is required.

~. If the amplification factor 1s greater than 3.55 and

.« critical responsc peak is below the mimimum

operating speed, the required separation margin (a

percentage of minimum speedjis cqual to the following:

6
M = — (84 + ———
SM =100 (8 +AF_3)

a. 4 the amplhihcation tactor 1s grealer than 3.2 and
the critical response peak is above the trip speed, the
required separation margin (a percentage of maximum
continuous speed) is equal to the following:

(16— —5 ) -
SM (]..6 AF_3 100
B.1.5 The calculated unbalanced peak-to-peak rotor
amplitudes (see B.1.3, Item b) at any speed from zero
to trip shall not exceed 75 percent of the minimum
design diametral running clearances throughout one
machine (with the exception of floating-ring seal lo-
cations).

B.1.6 If, after the purchaser and the vendor have
agreed that all practical design efforts have been
xhausted, the analysis indicates that the separation
‘*argins still cannot be met or that a critical response
. 2k falls within the operating speed range, acceptable
amplitudes shail be mutually agreed upon by the

purchaser and the vendor, subject to the requirements
of B.1.5.

B.2 Shop Verification of Unbalanced
Response Analysis

B.21 The critenia for confirming the validity of the
damped unbalanced response analysis shall be the
actual critical speed responses, as revealed on the test
stfind with a rotor unbalance magnitude in accordance
with B.1.3, Item b, placed at a location (usually the
coupling) detcrmninod Ly the vendorn,

Note: It is recognized 1hat the dynamic response of the machine on
the test stand will be a function of the agreed-upon test conditions
and that unless the 1est-stand results are obtained at the conditions
of pressure, temperature, speed, and load cxpected in the field, they
may not be the same as the results expecied in the field.

B.2.2 The parameters to be measured during the test
shall be speed and shaft vibration amplitudes with
corresponding phase. The vibration amplitudes and
phase from each pair of x-y vibration probes shall be
vectonally summed at each response peak to determine
the maximum amplitude of vibration. The major-axis
.\plitudc of each response peak shall not exceed the

i

limits specificd 1o B.1.5. The gan of the recording
instrumentation used shull be predetermined and preset
before the test so that the highest response peak i
within 60-100 percent of the recorder’s full scale Juring
the coast-down {deccleration) of the test unit.

Note 11 1t is recognized that vectonal subiraction of slow-roll (300~
600 revolutions per minute) total electnical and mechanwal rupum
is always required for this verification and that vectord subtraction
of beanng-housing motion is normally required,

Note 2: The phase on cach vibratioa signal, x or v, is the angulur

measure, in degrees, of the phase difference (lag) between a phase
reference signal {lrom a phase (ransduccr sEnsipg 4 once-pcor-

revolution mark on the rotor, as descnbed in APl Siandard 670
and the next positive peak. in time, of the synchronous (11) vibrution
signal. (When proximity probes are uscd, this is the fag angle
between the vibration probe and the high spot on the rotor.)

Nete 3: The major-axis amplitude ts properly determined from a
lissajous {orbit) display on an escilloscope, oscillograph, or equiva-
lent. When the phase angle between the x and y signals s not %
degrees, the major-axis amplitude can be approximated by (' -
¥ )'*. When the phase angle between the x and y signals s 90
degrees, the major-axis value is the greater of the two vibration
signals.

B.2.3 Additional testing will be required if, from the
test data described above or a phase or amplitude
indication in the damped unbalanced response analysis
(based on the unbalance conditions described in B.1.3,
Item b), it appears that either of the foilowing condi-
tions exists:

a. Any critical response will fail to meet the separation
margin requirements (see B.1.4) or will fall within the
operating speed range.

b. The requirements of B.1.5 have not been met.

B.2.4 Unbalance weights shall be placed as described
in B.1.3, Ttem b. Unbalance magnitudes shall be
achieved by adjusting the residual 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 B-I (sec B.1.3, ltem b} at
the maximum coatinuous speed; however, the unbal-
ance shall not be less than twice the unbalance limit
specified in 2.8.4.2. The measurements from this test,
taken mn accordance with B.2.2, shall indicate the

following acceptance criteria for the machine:

a. At no speed within the operating speed range,
including the separation margins, shail the shaft de-
flections exceed 55 percent of the minimum design
running clearances or 150 percent of the allowable
vibration limit at the peabes (see B.1.3, Liem b, and
Frgure 1). A

b. At all other speeds the shaft deflections shall not
exceed 90 percent of the minimum design running
clearancces {see Figure 1),

The internal deflection limits specified tn ltems o and
b above shali be based on the calculated displacement
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GENERAL-PUHPDSE STEAM TURBINES FOR REFINERY SERVICE
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10. Gland sealing and leak-off componant drawings and data.®

11, Lube-oil schematic and bili of materiais.?

12. Lube-oit arrangement grawing anc list of connections®

13, Lube-0il compeonent drawings and cara

14. Electrical and instrumentation schematics and bill of materials.

15. Electrical and instrementation arrangement drawing and list of connections.®

16. Gavernor details ®

17. Steam How versus horsepower,

|
i
|
|
F
|
|

18. Steam flow versus lirst-stage pressure ©

19. Steam How versus speed and efficiency ©

26. Steam fow versus thrust-bearing 1oad ©

21 Steam correcton chans <

22. Vibration analysis dz'at

| 23. Lalerai cnncal anatysis ©

25. Weld procedures (labrication and repair).©

26. Hydiostanc test iogs.

27. Mechanical running test jogs

|
|
l
!
| 24. Alignment diagram ©
|
i
l

28. Rolor balance logs.©

Huxbar 1han compiule thoss feg cohumns to refiect his BCIua! OrsinbaTion CNedule 3 nchuce s Jo/m wih hey oroposal,
PO ndpe stage unds hass mems Formally proviced onby N NS o manyaty
THese a5 1 Mally ALOHC D4 Iof Muliiage unis ooty
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JOB MO, : _—

P 2 £ 2 ¥
VENDOR DRAWING AND Difg © — N?:.
DATA REQUIREMENTS - - NO.
Praposal Biddar shali furnish copies of data tor all items indicated by an X,
Vandaor shall fumish copies and transparencias of drawings and data indicated.
Finat Vandor shall fumish _____ copies and transparencias of drawings ard data indicated.

Vandor shall furnish cparaling and maintenance manuals.

Fina—Reaceived from vandor

n I
CAST Raviaw—Ffatumed lo vendar
RECORD Raview——Racsived rom vandor

Raview—Due from vengor

DESCRIPTION (CONT'D)

23. Rotor machanical and electrical runout, ©

30. As-buit data sheets,

31, As-built dimensions and data. €

32, Installation, operalion, and maintenance manuals.

33. Spare parts recommendation and price list.

(1

WMMmurmmmmmwmmwmu— ]
%urﬁ,?mnmmnywmqhmmmu. -
TS normaly apotCabie Ior inuitatags LNy ony,

Notes:

1. The vendor shall proceed with manufacture upon receipt of the order. The
vendor may proceed with manufacture without the purchaser's approval of the
drawings when necessary to meet the scheduled shipping date.

2. Send all drawings and data o .

3. All drawings and data must show pioject, appropriation, purchase order, and
itern numbers, as well as plant location and unit. In addition to 1he copies specified
above, one set of the drawings and instructions hecessary for field installation
must be forwarded with the shipment.

4. See the description of required iterns Lejgw.
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Nomenclawre:
S weeks prior 1o shipment

————

weeKs afier tirm order

— D weeks after receipt of approved drawings

Vendor

Date

Signature

Vendor Reference

(Signature acknowledges receipl of all instructions)

DESCRIPTION

1. Centified dimensional outline drawing including the following:

a.

sapo

Size, rating, and location of all customer connections, with alfowable flange
loading for inlet and exhaust steam connections.

Approximate overall hangling weights.

Cverall dimensions.

Shaft centerline height and dimensioned shaft end for coupling mounting.
Dimensions of baseplates (if furnished), compiete with diameter, number,
and locations of bolt holes and the thickness of the metal through which
bolts must pass.

2. Cross-sectional drawings and bill of materials including the following:

aoow

e,

Journal-bearing clearances and toleranca,
Rotor float (axial).
Seal clearances (shaft end and internal labyrinth) and tolerance.

. Axial position of wheel(s) relative to inlet nozzle or diaphragms and

lolerance allowed.
Outside diameters of all wheels at blade tip.

3. Rotor assembly drawing including the following:

a.

@ N o » oA

b.
c.
d.

Axial position from active thrust-collar face to the following:
1. Each wheel (inlet side).

2. Each radial probe.

3. Each journal-bearing centerline.

4. One-event-per-revolution mark.

- Thrust-collar assembly details including the following:

Collar-to-shatt fit with tolerance.

Axial runout with toterance.

Required torgue for focknut.

Surtace finish requirements for collar faces.

Preheat method and temperature requirements for shrunk-on coliar
installation,

DR LON -

Hydrodynamic thrust-bearing asseﬁbly drawing {see ltem 32).
Hydrodynamic journal-bearing assembly drawing (see item 32).
Packing or labyrinth drawings (see ltem 32).

Coupling assembly drawing and bill of materials.

Giand-sealing and leak-off schematic including the following:
a.

Flows and pressures for steady-state and transient steam and air.
Reiiet and controt valve seftings.

Utility requirements (including electri~al, water, steam, and air).
Pipe and vaive sizes.
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10.

1.

12.

13.

14,

15,

16.

17

e. Instrumentation, salety devices, and control schemes.

{. Bill of materials. .

Uland'seallng ang 1eak-or darrdangeinertt urawlng IHCIUOIHQ slze, Ta[lﬂg, and
location of all customer connections.

Gland-sealing and leak-off component outiine and sectional drawings and
data including the {ollowing:

a. Gland-condenser fabrication drawing and bill of materials.

Completed data sheet for condenser.

Air or water ejector drawing and performance curves.

Control valves, relief valves, and instrumentation,

Vacuum pump schematic, perlormance curves, cress sectlion, outline
drawing, and utility requirements (if pump is furnished).

cao0Q

Lube-oil schematic including the following:

a. Steady-state and transient oil flows and pressures at each use point.

b. Contrel, alarm, and trip setlings (pressure and recommended tempera-
tures).

Heat ioads at each use point at maximum load.

Utility requirements (including electrical, water, and air).

Pipe and valve sizes.

Instrumentation, safety devices, and control schemes,

Bill of materials..

©~oap

Lube-oil system arrangement drawing including size, rating, and location of
all customer connections.

Lube-oil component drawings and data including the following: (
a. Pumps and drivers: .
i. Certified dimensional outline drawing. .
Cross section and bill of materials.
Mechanical seal drawing and bill of materials.
Performance curves for centrifugal pumps.
Instruction and operating manuals.
. Completed data sheets for pumps and drivers.
b. Coo[ers filters, and reservoir:
. Fabrication drawings.
2. Maximum, minimum, and normal liquid levels in reservoir.
3. Completed data sheets for cooler(s).
c. Instrumentation:
1. Controllers.
2. Swiiches.
3. Control valves.
4. Gauges.

OU A LN

Electrical and instrumentation schematics and biil of materials:
a. Vibration warning and shutdown limits.

b. Bearing temperature warning and shutdown limits.

c. Lube-oil temperature warning and shutdown limits.

Electrical and instrumentation arrangement drawing(s) and list(s) of connec-
tions.

Governor-valve cross section and setting instructions.

Steam flow versus horsepower curves at normal and rated speeds under ‘
normal steam conditions. .
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18.

19.
20.
21,

22.

23.

24.

25.
26.

27.

28.

Steam flow versus brst-stage pressure curve for multistage machines or
versus nozzle-bowl pressure for single-stage machines at normal and rated
croord with

normal ctaamm
normiar 5ieam.

Steam flow versus speed and efficiency curves at normal sleam conditions.
Steam flow versus thrust-bearing-load curve.

Steam-rate correction factors for Curves 17 through 20, with off-design steam

as follows:

a. inlet pressure {o maximum ang minitnum vatues listed on the data sheets
in increments agreed upon at the time of the order.

b. Inlet temperature to maximum and minimum values listed on the data
sheels in increments agreed upon at the time of the order.

c. Speed {B0-105 percent, 5-percent increments).

d. Exhaust pressure to maximum and minimum values listed on the data
sheets in increments agreed upon at the time of the order.

Vibration analysis data including the following: —

Number of btades—each wheel.

Number of vanes—each diaphragm.

Number of nozzles—nozzle block, single valve only.

Campbell diagram for each stage.

Goodman diagram for each stage.

Number of teeth on gear-type coupling (when furnished by the turbine
vendaor),

moap oW

Lateral critical speed analysis reportt including the following:

a. Method used.

b. Graphic display of bearing and support stiftness and its etfect on critical
speeds.

c. Graplic display of rolor response o unpalance (ncluding damping).

d. Graphic display of overhung moment and its effect on critical speed
(including damping).

e. Journal stalic loads.

i Stiftness and damping coefficients.

g. Tilting-pad geometry and configuration:
1. Pad angle.
2. Pivot clearance.
3. Pad clearance.
4. Preload.

Coupling alignment diagram, including recommended limits during operation,
Note alt shaft-end position changes and support growths from 80°F {15°C)
ambient reference.

Weld procedures.
Hydrostatic test logs.

Mechanical running test logs including the following:

a. Overspeed Irip and governor settings.

b. Vibration, including x-y plot of amplitude and phase angle versus revolutions
per minute during start-up and shutdown.

c. Auxiliary trip settings.

d. Observed critical speeds (for flexible rolor).

Rotor balance logs.

. Rolor mechanical and electrical runout.
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30. As-built dala sheels. _
31. As-built dimensions (including design lolerances) or dala:

a.

c~nopg

Shaft or sleeve diamelers at—

1. Thrust collar (for separate collars).

2. Each seal component.

3. Each wheel (for stacked rolors).

4. Each interstage labyrinth.

5. Each journal bearing.

Each wheel bore (for stacked rotors) and oulside diameter.
Each labyrinth or seal-ring bore,

Thrust-coliar bare (for separate coliars).

Each journal-bearing inside diameter.
Thrusl-bearing concentricity {axial runotut).
Metallurgy and heat treatment for the following:
1. Shaft,

" 2. Wheels.

3. Thrust collar.
4, Blades (buckets).

32. Instruction manuals describing installation, operalion, and maintenance pro-
cedures. Each manuat shall include the following seclions:

Section 1—Instaliation:

a. Storage.

b. Foundaticn.

c. Setting equipment, rigging procedures, component weighls,
and lifting diagram.

Alignment.

Grouting.

Piping recommendations, including allowable flange loads.
Composite outline drawing for drivenvdriver train, including
anchor-balt focations.

h. Dismaniling clearances.

0 -2a

Section 2—C0peration:

a. Start-up.

b. Normal shutdown.

c. Emergency shutdown,

d. Operating limits.

e. Lube-gil recommendations.

Section 3—Disassembly and reassembly instructions:

a. Rotor in casing. R
b. Rotor unstacking and restacking procedures.

¢. Journal bearings for tilting-pad bearings, providing “go/no-go”

dimensions with tolerances lor three-step plug gauges.
Thrust bearing.

Seals.

Thrust collar.

g. Wheel rebiading procedures,

- A

Section 4—Performance curves: B

a. Steam flow versus horsepower,

b. Steam flow versus first-stage pressure.
¢. Steam flow versus spead and efficiency.
d. Steam flow versus thrust-bearing load.
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e. Exiraction curves.

f. Steam condition correction factors (prefer nomography}.
. Section 5—Vibration dala:

a. Vibration analysis data.

b. Lateral crilical speed analysis.

Seclion 6—As-built data:

a. As-buill dala sheets,

b. As-buill dimensions or data.

¢. Hydrostatic test logs.

d. Mechanical running test logs.

e. Rotor balance logs.

1. Rotor mechanical and electrical runout at each journal

Section 7--Drawing and data requirements:
. Cerified dimensional outline drawing and list of conneclions.
. Cross-sectional drawing and bill of materials,
. Rotlar drawing and bill of materiais.
- Thiust-bearing assembly drawing and bilt of materiais,
Journal-bearing assembly drawing and bill of malerials.
Seal component drawing and bill of materials,
Lube-oil schematic and bill of materials.
Lube-oll arrangement drawing and list of conneclions.
Lube-oil component drawings and data.
Electrical and instrumentation schematics and bill of materials.
Electrical and instrumentation arrangement drawing and list
of connections.
l. Control- and trip-system drawings and data.

m. Trip- and thrattie-valve consiruction drawing,

. Note: Hemns 7, 1%, 12, 13, 221 and 32 (Seclion 7. ltems g-i} are required only tor the lurbine
manulaciuter's scops of supply.

X TO P Op oD

. 33. Spare parts recommendalion and price list (see 5.2.5 in text of standard).

LN T T O T R L o




