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SPECIAL NOTES

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

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

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

Nothing contained mn any API publication 1s to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every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

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and 1s designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the standardization manager, American Petroleum Institute,
1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the gen-
eral manager.

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

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

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

API Publishing Services, 1220 L Street, NNW., Washington, D.C. 20005.

Copyright © 2002 American Petroleum Institute
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FOREWORD

This standard is a purchase specification that covers requirements for metal plug valves,
including flanged, threaded and butt weld valves in steel and alloy materials, and flanged
valves in ductile 1ron.

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 stan-
dard, 1t 1s strongly recommended that such modifications, deletions, and amplifications be
made by supplementing this standard, rather than by rewriting or incorporating sections
thereof 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 purchas-
ing or producing products made to specifications other than those of API.

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

Suggested revisions and requests for interpretations are invited and should be submitted to
the standardization manager, American Petroleum Institute, 1220 L Street, N.W., Washing-
ton, D.C. 20005.
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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 extreme 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 diseases of lung cancer, asbestosis, and mesothelioma (a cancer of
the chest and abdominal linings). The degree of exposure to asbestos varies with the prod-
uct 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 Health 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 U.S.
Environmental Protection Agency (EPA) rule on labeling requirements and phased banning
of asbestos products (Sections 763.160-179).

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 that can meet the specifications for, and operating
requirements of, the equipment to which they would apply.

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR
PRODUCTS OR MATERIALS CAN BE OBTAINED FROM THE EMPLOYER, THE
MANUFACTURER OR SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE
MATERIAL SAFETY DATA SHEET.
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NOTES TO PURCHASER

1. If the purchaser needs a plug valve that deviates from this standard, the deviating require-
ments shall be stated in the purchase order.

2. If no exceptions are to be taken to this standard, the purchase order need only refer to API
Standard 599 and specify the items included in 2.1. Optional items included in 2.2 may also
be specified.

2.1 Items Required on the Purchase Order

a. Valve size (see 1.1.1).

b. Class (see 1.1.2).

c. Type (lubricated or nonlubricated, see 1.1.3) and pattern (short, regular, venturi, or full
bore [see 1.1.4]).

d. End connections, (1) flanged, including facing type (raised, ring joint, or flat); (2) welding
end, including bore dimensions; and (3) threaded (see 1.1.1, 2.2.3 through 2.2.5, 2.2.8 and
2.2.9).

e. Standard or heavy-wall thickness, for stainless steel valves only (see 2.2.1).

f. Type of operator required (lever, handwheel, or gear) and whether supply of operator is
included 1n the purchase order (see 2.7 and 3.5).

g. Shell (body and cover) material (see 3.1 and 3.2).

h. Fire test requirements (see 1.1.6).

1. Plug material (see 3.4).

2.2 Optional Items

Flanged ends attached by welding (see 2.2.3 and the following Note 3).

Drain and bypass connection (see 2.2.9).

Locking device (see 2.7.5).

Anti-static feature and testing (see 2.8).

Materials for operating mechanisms (see 3.5.1 and 3.5.2).

Stem seal or packing material and/or operating temperature if temperature is outside the
range from — 20°F through 225°F (- 29°C through 107°C) (see 3.7).

g. Bolting material for temperatures beyond the limits specified in ASME B31.3 or for
increased resistance to corrosive environments (see 3.8).

h. Lubricating sealant (see 4.1). (Specify sealant and/or operating temperature if tempera-
ture is outside the range from — 20°F through 225°F [- 29°C through 107°C].)

1. Sleeve, seat, lining, or coating material (see 4.2).

j- Inspection (see 5.1 and the following Note 5).

k. Coating for ductile iron valves (see 7.1.2).

. Export packaging (see 7.5.1 and 7.5.2).

-0 a0 gp

3. If flanges attached by welding are specified, the purchaser shall ensure that adequate qual-
ity control of the welds will be provided by the manufacturer. The purchaser may have to
specify supplementary requirements for the welds, particularly for severe services, such as
special heat treatment or supplementary nondestructive examination of the welds.

4. If a vented body cavity is specified, not only the area within a closed plug, but also the
area above and below the plug shall be vented by drilling or by other positive means. If this
venting affects the sealing direction of the valve, the body shall be marked with preferred
shut-off direction.

5. Refer to API Standard 598 for additional items that may have to be specified, such as the
extent of inspection, the inspector’s address, and the optional high-pressure closure test.
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Metal Plug Valves—Flanged, Threaded and Welding Ends

SECTION 1—GENERAL

1.1 SCOPE

1.1.1  This standard covers steel, nickel base and other alloy
plug valves with flanged or butt-welding ends and ductile iron
plug valves with flanged ends in sizes NPS !/2 through NPS 24
and threaded or socket-welding ends for sizes NPS 1/2 through
NPS 2. Valve bodies conforming to ASME B16.34 may have
one flange and one butt-welding end.

1.1.2 This standard covers additional requirements for plug
valves that are otherwise in full conformance to the require-
ments of ASME B16.34 for Standard Class 150 through 2500
or ASME B16.42 for Class 130 and 300.

1.1.3 This standard covers both lubricated and nonlubricated
valves that have two-way coaxial ports; three-way and four-
way plug valves are not discussed in this standard. This stan-
dard includes requirements for valves fitted with internal body,
plug, or port linings or applied hard facings on the body, body
ports, plug, or plug port. The extent of linings and the materials
of which they are made are not covered in this standard.

1.1.4 Plug valves covered in this standard belong to one of
four general design groups that in many cases have different
face-to-face and end-to-end dimensions. Some types of plug

valves are not made to all patterns. The four groups are
described 1n 1.1.4.1 through 1.1.4.4.

1.1.4.1  The short-pattern design is found only in Class 150
and 300 where flanged plug valves match the face-to-face
dimensions of steel-flanged gate valves in NPS 14 through
NPS 12.

1.1.4.2 The regular pattern design has a plug port area that
1s greater than the venturi pattern.

1.1.4.3 Valves of the venturi pattern are designed for mini-
mum pressure loss consistent with the reduced port area used
in this type of valve. Venturi valves have a configuration of
body and plug ports that approximates a venturi throat.

1.1.4.4 The round-port full-bore pattern has a circular port
through both the plug and the body that is not smaller than

that specified in Annex A of ASME B16.34 for the applicable
valve size and pressure class.

1.1.5 The standard nomenclature for valve parts is shown in
Figures 1, 2, 3, and 4.

1.1.6  When fire-tested valves are specified by the pur-
chaser, the requirements of API Standard 607 also apply.

Cover
flange

—

Lubricant fitting

Gland bolting

Gland

Cover bolting

Cover

Stem packing
Lubricant check valves
Body

Plug

Cover gasket

COONIDT RN

-t

Figure 1—Typical Lubricated Plug Valve

1.2 REFERENCED PUBLICATIONS

Unless otherwise noted, the latest edition or revision of the
following standards shall, to the extent specified herein, form
a part of this standard. When specific parts (for example, -
numbered paragraphs or tables) of other documents are refer-
enced in this text, the edition current when this standard was
issued shall apply.
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. Plug

. Gland

. Stem seal

. Thrust washer

. Antistatic device
. Gland bolting

. Cover bolting

10. Spring washers
11. Support ring
12. Cup seal

13. Lining
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Figure 2—Typical Fully-lined Plug Valve

Valve Inspection and Testing
Fire Test for Soft-Seated Quarter-Turn
Valves

Unified Inch Screw Threads (UN and UNR
Thread Form)

Class 5 Interference-Fit Thread

FPipe Threads, General Purpose (Inch)
Pipe Flanges and Flanged Fittings
Face-to-Face and End-to-End Dimensions
of Ferrous Valves
Forged Fittings,
Threaded
Buttwelding Ends

Socket Welding and

IASME International, Three Park Avenue, New York. New York

10016-5990.
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B16.34
B16.42

B18.2.2
B31.3
B36.10M
B46.1

ASTM?
A 126

A 395

Valves—Flanged, Threaded and Welding
End

Ductile Iron Pipe Flanges and Flanged
Fittings, Class 150 and 300

Square and Hex Nuts
Process Piping
Welded and Seamless Wrought Steel Pipe

Surface Texture (Surface Roughness, Wavi-
ness and Lay)

Gray Iron Castings for Valves, Flanges,
and Pipe Fittings

Ferritic Ductile Iron Pressure-Retaining
Castings for Use at Elevated Temperatures

American Society for Testing and Materials, 100 Barr Harbor
Drive, West Conshohocken, Pennsylvania 19428,
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METAL PLUG VALVES—FLANGED, THREADED AND WELDING END 3

1. Body
2. Cover
3. Adjuster
4. Adjuster bolting
5. Cover gasket or seal
6. Nonmetallic diaphragm
7. Stem seal or packing
8. Metallic diaphragm
9. Sleeve
10. Plug

Figure 3—Typical Sleeve-lined Plug Valve

MSS3
SP-25 Standard Marking System for Valves, Fit-
tings, Flanges, and Unions
SP-45 By-pass and Drain Connection Standard
SP-91 Guidelines for Manual Operation of Valves

IManufacturers Standardization Society of the Valves and Fittings
Industry, 127 Park Street, N.E., Vienna, Virginia 22180,
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Body

. Plug

. Bonnet

. Gasket, bonnet

. Bonnet bolting

. Packing gland

. Packing gland flange
. Packing gland bolting
. Stem

10. Packing

11. Stem connection

Figure 4—Typical Nonlubricated Plug Valve
1.3 PRESSURE-TEMPERATURE RATINGS

This standard covers valves that have pressure-temperature
ratings in accordance with ASME B16.34 Standard Class, and
ASME B16.42 as appropriate for the shell material. This stan-
dard also recognizes that seals, sleeves, liners, diaphragms,
seats, and sealants may limit the applications of valves to more
restricted pressures and temperatures (see 3.7 and 6.4).

SECTION 2—DESIGN

2.1 GENERAL

Valves manufactured in accordance with this standard shall
meet the requirements of ASME B16.34 for Standard Class,
ASME B16.42 where appropriate, the requirements of API
Std 607 when fire testing is specified, and any additional
requirements as specified in this standard.

2.2 BODY

2.2.1 The minimum thickness of the body wall is depen-
dent upon the body material specified and shall be in accor-
dance with the following:

Copyright American Patroleum Instduta
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a. ASME B16.42 for valve bodies of ductile iron.

b. Table 1A or 1B for lubricated plug valves with valve bod-
ies of ASME B16.34 group | material.

c. ASME B16.34 for lubricated plug valves with valve bod-
ies of ASME B16.34 group 2 and 3 materials.

d. ASME B16.34 for non-lubricated plug valves with bodies
of ASME B16.34 group 1, 2, or 3 materials.

Valve bodies of ASME B16.34 materials that are provided
with minimum wall thickness in accordance with Table 1A or
1B may be designated as heavy wall plug valves.
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4 AP| STANDARD 599
Table 1A—Minimum Body Thickness (Inches):
Carbon Steel, Alloy Steel, and Heavy-Wall Stainless Steel@
Valve Class
Size
(NPS) 150 300 400 600 900 1500 2500
Iy2 0.18 0.18 0.21 0.31 0.31
3/4 0.18 0.18 . 0.25 . 0.40 0.40
1 0.25 0.25 se . se . .
14 0.25 0.25 Class 600 Egi Class 1500 E.ig 3.23
valves in valves in
112 0.25 0.31 T 0.37 e 0.59 0.75
2 0.34 0.38 sizes 0.44 sizes 0.75 0.88
21 0.38 0.44 0.47 0.88 1.00
3 041 0.47 0.50 0.75 0.94 1.19
4 0.44 0.50 0.50 0.63 0.84 1.13 1.41
6 0.47 0.63 0.66 0.75 1.03 1.50 1.91
8 0.50 0.69 0.75 1.00 1.25 1.88 244
10 0.56 0.75 0.84 1.13 1.44 2.25 2.66
12 0.63 0.81 0.94 1.25 1.66 2.63 3.41
14 0.66 0.88 1.06 1.38 1.81 2.75 —
16 0.69 0.94 1.13 1.50 2.06 3.13 —
18 0.72 1.00 1.19 1.63 2.25 3.50 —
20 0.75 1.06 1.31 1.75 2.50 3.88 —
24 0.81 1.19 1.44 2.00 2.88 4.50 —
48ee 2.2.1.
Table 1B—Minimum Body Thickness (Millimeters):
Carbon Steel, Alloy Steel, and Heavy-Wall Stainless Steel?
Valve Class
Size
(NPS) 150 300 400 600 900 1500 2500
12 4.6 4.6 5.3 5.3 5.3
34 4.6 4.6 . 6.4 . 10.2 10.2
1 6.4 6.4 se 79 Se . .
14 6.4 6.4 Class 600 8.6 Class 1500 :i; :3;
valves 1n valves 1n
112 6.4 7.9 . 9.3 . 15.0 19.1
2 8.7 9.5 sizes 11.1 sizes 19.1 22.2
210 9.5 11.1 11.9 22.2 25.4
3 10.3 11.9 12.7 19.1 23.8 30.2
4 11.1 12.7 12.7 15.9 214 28.6 35.7
6 11.9 15.9 16.7 19.1 26.2 38.1 484
8 12.7 17.5 19.1 25.4 31.8 47.6 61.9
10 14.3 19.1 21.4 28.6 36.5 57.2 67.5
12 15.9 20.6 23.8 31.8 42.1 66.7 86.5
14 16.7 22.2 27.0 34.9 46.0 69.9 —
16 17.5 23.8 28.6 38.1 524 79.4 —
18 18.2 25.4 30.2 41.3 57.2 88.9 —
20 19.1 27.0 33.3 44.5 63.5 08.4 —
24 20.6 30.1 36.5 50.8 73.0 114.3 —
45ee 2.2.1.
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METAL PLUG VALVES—FLANGED, THREADED AND WELDING END b

2.2.2 Face-to-face dimensions for raised-face and ring-joint
flanged-end valves and end-to-end dimensions for butt-weld-

ing-end valves shall conform to ASME B16.10 or Table 3 as
applicable.

2.2.3 End flanges of steel valves shall be integrally cast or
forged with the body: however, flanges may be attached by
full-penetration butt welding if this method 1s specified in the
purchase order. End flanges attached by welding shall be cast
or forged butt-welding ends. Welds shall conform to ASME
B31.3, as shall qualifications for the welding procedure and the
welder or welding operator. The finished weld thickness shall
not be less than the minimum body-wall thickness (see 2.2.1).
No welding or brazing shall be permitted on ductile iron.

2.2.4 The dimensions and finish of steel end flanges shall
be as specified in ASME B16.5 for the type of facing speci-
fied in the purchase order. Flat-face flanges not covered by a
lining material shall be finished as specified in ASME B16.5
for raised-face flanges.

2.2.5 The dimensions and finish of ductile iron-end flanges
shall be as specified in ASME B16.42 for the type of facing
specified in the purchase order.

2.2.6 Socket-welding end preparation shall conform to
ASME B16.11. The bottom of the socket shall be square and
flat with the thickness in accordance with Table 4 of ASME
B16.34.

2.2.7 Steel butt-welding ends shall conform to ASME
B16.25 for the bore specified, for use without backing rings.

2.2.8 Threaded end valves shall be threaded as specified in
ASME B1.20.1. All internal threads shall be countersunk a
distance of approximately one half the pitch of the thread at
an angle of approximately 45 degrees with the axis of the
thread.

2.2.9 When specified, drain and bypass connections shall
conform to ASME B16.34 and MSS SP-45, as applicable.

2.3 COVER

Covers shall have bearing surfaces for bolting that are par-
allel to the cover face within 1 degree. When spot-facing or
back-facing of flanges is required, it shall be in accordance
with the requirements of ASME B16.5 for end flanges.

24 PLUG STEM

2.4.1 The stem shall be designed so that, if failure of the
stem to plug or that part of the stem within the pressure
boundary occurs, no portion of the stem can be ejected from
the valve as a result of internal pressure. The design shall not
rely on actuation components (e.g., gear operators, actuators,
levers, etc.) to prevent ejection.

2.4.2 Stem-to-plug connection and all parts of the stem
within the pressure boundary, shall under torsional load
exceed the strength of the stem that lies outside the pressure
boundary by more than 10%. This determination may be
done by calculation.

2.4.3 The stem and connection between stem and plug
shall be designed to resist permanent deformation or failure
of any part when a force applied to handle or gear operator
produces a torque equal to the greater of 15 ft-lbs or two
times the manufacturer’s maximum published torque at maxi-
mum differential pressure on dry air service.

2.5 GLANDS

Adjustable glands may be a threaded type, a bolted one-
piece type, or a bolted two-piece, self-aligning type.

2.6 BOLTING

2.6.1 Covers shall be bolted with studs, stud bolts, or cap
screws. Studs and stud bolts shall be equipped with heavy,
semifinished hexagon nuts that conform to ASME B18.2.2.

Bolting shall be threaded in accordance with ASME B1.1.
Bolting 1 inch or smaller shall have coarse (UNC) threads;
bolting larger than | inch shall be of the 8-thread series (8
UN). Bolt threads shall be Class 2A, and nut threads shall be
Class 2B. When wrench-fit studs are furnished, the wrench-fit
end of these studs and the threaded hole shall have threads in
accordance with a Class 5 interference fit, as specified in

ASME B1.12.

2.6.2 Gland bolting shall pass through holes in the gland.
The use of open slots is not permitted in the cover flange,
cover, adjuster, or gland.

2.6.3 Packing gland bolts to be designed to not exceed the
tensile stress values listed in Table A-2 of ASME B31.3 with
a packing compressive stress of 5,500 psi and gland bolt tem-
perature of 100°FE

2.7 OPERATION

2.7.1 Plug valves shall be designed for operation by apply-
ing a wrench (sometimes called a lever) or a handwheel to the
stem either directly, or indirectly through the use of a gear
mechanism or another mechanical device. The purchaser
shall specify the type of operation required. Tables 2A and 2B
show the standard method of operation for each valve class,
pattern, and size. The length of the wrench or the gear ratio of
the gear mechanism shall be designed such that the input
force required to operate the valve does not exceed the opera-
tor input force capability values given in MSS SP-91 using
short-term force, a combined multiplier of 0.4 at the manu-
facturer’s maximum operating torque as defined in 2.4.3.
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Table 2A—Lubricated and Nonlubricated Valve Stem Operation

Size (NPS)
Direct Gear

Class Pattern Operation® Operation®
150 Short and venturi I2<NPS<6 B<NP5S<24
Regular l/2<NPS <4 6=NP5=24
Round port l/2<NPS<3 4=NPS=24
300 Short and venturi Ip<NPS<6 8=NP5S<24
Regular l/2<NPS <4 6 =NPS<24
Eound port lj2<NPS <3 4=NP5=24
400 Venturi 3=NP5=4 6=NP5=24
Regular 3 4=<NPS5=24
Round port 3 4=NP5=24
600 Venturi and regular l/2<NPS <3 4=NP5=12
Round port )2 <NPS <2112 3<NPS<12
900 Venturi and regular J=NP5=12
Round port — J=NP5<12
1500 Venturi and regular l/2<NPS <22 3<NPS<12
Round port l2<NPS <112 2=NP5=12
2500 Venturi and regular l)2<NPS <2112 J=NP5<12

Note: *If specified in the purchase order, wrench operation may be furnished on larger valves, and gear mechanisms may be furnished on smaller

valves.

Table 2B—Sleeve Lined and Fully Lined Plug Valve Stem Operation

Size (NPS)
Direct Gear
Class Pattern Operation® Operation®
150 Short and venturi lj2 <NPS <3 4<NPS<12
300 Short and venturi /2 <NPS <3 4<NPS<12

Note: #If specified in the purchase order, wrench operation may be furnished on larger valves, and gear mechanisms may be furnished on smaller

valves.

2.7.2 A wrench shall be furnished as a separate item and
shall be supplied only when specified in the purchase order. A
wrench may be of an integral design or may consist of a head
that fits onto the stem and is provided with a socket or another
suitable means of accommodating an extended handle. The
head shall be designed so that the handle can be permanently
attached. The head shall be secured to the stem or operating
mechanism with a set screw of ample size, or by another posi-
tive means.

2.7.3 A spoked handwheel shall be furnished with each
gear-operated valve; webbed or disked handwheels shall not
be used. Spokes that extend beyond the wheel rim (tiller type)
are permissible.

2.7.4 Gear mechanisms may be operated manually or by
means of an electric motor or another similar power device.
Keys or pins shall be used to secure gears or pinions to shafts.
On power-operated valves, the gear assembly shall be suitably
guarded.

2.7.5 When specified in the purchase order, valves shall be
furnished with a lockable device that accepts a purchaser-sup-
plied lock that enables the valve to be locked in the open and
closed positions. The lockable device shall be designed such
that a lock with a 216 inch (8 mm) diameter shank, not more
than 4 inches (100 mm) long, can be inserted directly through
appropriate holes and locked. Provisions for a lockable device
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METAL PLUG VALVES—FLANGED, THREADED AND WELDING END 7

are permitted even when 1t 1s not specified in the purchase
order provided they are not the type that latch automatically.

2.7.6 Valves shall be provided with a suitable stop for the
plug assembly in both the open and the closed position. The
open or closed position of the plug in the body shall be shown
by an indicator. Cast or integrally forged indicators shall be
raised rather than recessed.

If the position indicators are not integral with the plug, they
shall be designed to prevent the plug and indicators from
being assembled 1n any way other than with the indicator in
1ts proper position with respect to the plug port.

2.7.7 Valves shall be supplied with the capability of
mounting actuators or gear mechanisms without removing

any pressure-containing components (e.g.,body bolts, bon-
net bolts, flange bolts, packing gland bolts, packing retain-
Ing stem nut, etc.).

2.8 ELECTRICAL CONTINUITY

When specified in the purchase order, valves shall incorpo-
rate an antistatic feature that ensures electrical continuity
between the plug and the body. The valve shall have electrical
continuity across the discharge path, with a resistance of not
more than 10 ohms from a power source of not more than 12
volts DC. This continuity shall be verified by testing a new,
dry valve that has been (a) pressure tested and (b) cycled at
least five times.

SECTION 3—MATERIALS

3.1 GENERAL

When service or environmental conditions, such as low
temperatures or a corrosive environment, make special con-
siderations necessary In choosing valve materials, the pur-
chaser shall indicate this on the purchase order, and the
materials shall be as agreed upon by the purchaser and the
manufacturer.

3.2 SHELL

3.2.1 The shell, which comprises the body and the cover,
shall be of a material listed in ASME B16.34 or ductile iron to
ASME B16.42. For ASME B16.34 listed materials, the body
and the cover do not have to be to identical material specifica-
tions; however, the body and the cover shall be of materials of
the same materials group.

3.2.2 A metallographic examination may not be substituted
for the tensile test required by ASTM A 395.

3.3 BODY-TO-COVER SEALS, DIAPHRAGMS, OR
GASKETS

When body-to-cover seals or metallic or nonmetallic dia-
phragms or gaskets are used, they shall be suitable for the ser-
vice conditions and the valve’s pressure-temperature ratings.
Where necessary, compression of the seals, diaphragms, or
gaskets shall be controlled by a compression ring or by the
body-to-cover design. The corrosion resistance of any metal
in contact with the service fluid shall at least equal that of the
body. The seal or gasket may be made of a material listed in
Annex E, Figure El, of ASME B16.5, or the seal or gasket
may be made of a hydrocarbon-resistant plastic or elastomer.

3.4 PLUGS

3.4.1 Plugs shall be made of one of the materials specified
in ASME B16.34 or ductile iron to ASME B16.42. The plug
surfaces shall have bearing properties that will resist galling.
Steel plugs may be hard surfaced to provide the desired resis-
tance to abrasion and galling. Other materials may be used if
they are specified in the purchase order. On ductile iron plugs,
hard surfacing shall not be applied by welding or brazing.
The corrosion resistance of the plug shall be at least equal to
that of the body. If the surfaces of plugs that rotate against
elastomeric or plastic sleeves, liners, seals, gaskets, or seats
are not coated with an elastomer or plastic, these surfaces of
plugs shall have a surface finish no rougher than Ra of 16
microinches (0.40 micrometers) per ASME B46.1.

3.4.2 Stem material, when not integral with plug, shall be
at least equal to plug material in torsional strength and corro-
sion resistance. Surface finish no rougher than Ra of 32
microinches (0.80 micrometers) per ASME B46.1 at the
packing area.

3.5 OPERATING MECHANISMS

3.5.1 Handwheels and chainwheels shall be made of carbon
steel, ductile iron, or malleable iron. Unless otherwise specified
in the purchase order, handwheels and chainwheels shall be
cast or forged, or they may be fabricated from other carbon
steel product forms, provided that the fabricated wheels are as
strong and as tough as those made by casting or forging. All
handwheels shall be free from burrs and sharp edges.
Wrenches shall be made of steel, ductile iron, malleable iron,
bronze, or other ductile metals. Chains shall be made of steel.

3.9.2 Unless otherwise specified by the purchaser, gears for
stem operation may be made of steel, bronze, ductile iron,
malleable iron, or cast iron that conforms to ASTM A 126,
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Grade B, or is of a higher tensile strength. Worm gears shall
be made of steel, ductile iron, or malleable iron.

3.6 GLANDS

Glands shall be made of cast, forged, or rolled steel or of
ductile iron. Ductile iron shall not be used for fluid services
with operating temperatures above 650°F (343°C).

3.7 STEM SEAL OR PACKING

Unless otherwise specified in the purchase order, a hydrocar-
bon-resistant stem seal or packing that has a mimimum temper-
ature range from — 20°F through 225°F (— 29°C through 107°C)
shall be furnished.

3.8 BOLTING

3.8.1 Cover bolting material shall conform to ASME
B16.34 except that ASTM A307 Grade B carbon steel bolting
shall not be used.

3.8.2 Gland and adjuster bolting material shall conform to
ASME B16.34

3.8.3 All valve bolting material is subject to the tempera-
ture limitations specified in ASME B31.3.

3.9 NAMEPLATES

The nameplate shall be made of 18Cr-8Ni steel or nickel
alloy. The nameplate shall be attached to the valve shell by
welding, or by pins made of a material similar to that of the
nameplate.

SECTION 4—SEALING SYSTEM

41 LUBRICATED PLUG VALVES

4.1.1 Lubricated plug valves shall be furnished with an
internal lubricating system that is capable of delivering lubri-
cant to the body/plug contact surfaces in the seating and seal
areas.

4.1.2 Grooves shall be provided in the body/plug surfaces.
The grooves shall be arranged so that lubricant under pressure
will be transmitted to all parts of the system when the valve 1s
fully open or closed, thereby sealing the ports and facilitating
operation.

4.1.3 The lubricant fitting, including the screw, shall be
made of steel.

4.1.4 Steel check valves with a minimum of two indepen-
dent check elements are required on all lubricated plug valves
to prevent escape of sealant. The material for the check
valves, including the check elements and the housing, shall be
at least as corrosion resistant as the metal of the valve body.

4.1.5 Unless otherwise specified in the purchase order,
lubricated plug valves shall be furnished with hydrocarbon-

resistant lubricating sealant that has a temperature range from
— 20°F through 225°F (- 29°C through 107°C). This sealant
shall have both proper plasticity for tight sealing and lubricity
for ease of operation.

4.2 NONLUBRICATED PLUG VALVES

Nonlubricated plug valves may use as sealing elements
metal seats or hydrocarbon-resistant plastic or elastomer
sleeves, seats, or complete or partial linings or coatings.
Sleeves shall be mechanically restrained to prevent displace-
ment or dislodging while valves are in service. Linings or
coatings of the plug shall be bonded or mechanically locked.
Linings or coatings of the shell shall also be bonded or
mechanically locked unless the strength and rigidity of the
lining or coating are sufficient to prevent displacement or dis-
lodging while valves are in service. In sleeved, lined, and
soft-seated plug valves, a means shall be provided to adjust,
either manually or automatically, the position of the plug as
wear occurs. The material for sealing elements may be speci-
fied by the purchaser.

SECTION 5—INSPECTION AND TESTING

5.1 INSPECTION

If inspection by the purchaser is specified in the purchase
order and a detailed procedure 1s not included, inspection shall
be in accordance with API Standard 598. If inspection is not
specified in the purchase order, the valves shall be capable of
meeting the inspection requirements described in API Std 598.

Examination by the manufacturer shall be as specified in API
Std 598,

9.2 PRESSURETESTS

Each valve shall be pressure tested in accordance with API
Std 598.
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5.3 REPAIR OF DEFECTS

Defects in the shell of steel valves that are revealed by
inspection or testing may be repaired as permitted by the
most applicable ASTM material specification.

No repair, including plugging or impregnation, of defects
found in ductile iron castings is permitted. Welding or brazing
of ductile iron is not permitted.

SECTION 6—MARKING

6.1 Valves other than ductile iron valves shall be marked in
accordance with ASME B16.34.

6.2 Ductile iron valves shall be marked in accordance with
MSS SP-25.

6.3 Valve nameplate marking shall include the pressure rat-
ing at 100°F (38°C) and manufacturer’s figure number.

6.4 Valve nameplate marking shall include the maximum
temperature limit and its corresponding limiting pressure for
any seal, sleeve, liner, diaphragm, seat, or sealant that causes
the valve to be limited to a pressure-temperature rating that 1s
lower than that listed in applicable ASME B16.34 or ASME
B16.42.

SECTION 7—SHIPMENT

7.1 COATINGS

7.1.1 Unmachined exterior surfaces of finished steel
valves, except austenitic stainless steel valves, shall be
painted or treated by another equally effective method, such
as phospating, to protect surfaces from corrosion caused by
atmospheric exposure.

7.1.2 Unless otherwise specified in the purchase order,
unmachined surfaces of ductile iron bodies and covers shall
be coated with green paint.

7.1.3 Machined surfaces of flange faces and welding ends
shall be coated with an easily removable rust preventive.

7.2 OPENINGS

7.2.1 Except on small, individually packaged valves, end
flanges or welding ends shall be blanked to protect the gasket
surfaces or welding ends and the valve internals during ship-
ment and storage. The protective covers shall be made of
wood, wood fiber, plastic, or metal and shall be securely
attached to the valve ends by bolts, steel straps, steel clips, or
suitable friction-locking devices. The cover shall be designed
so that the valve cannot be installed without complete
removal of the cover.

7.2.2 Tapped connections shall be fitted with fully tight-
ened threaded solid metal plugs that have corrosion resistance
at least equal to that of the shell.

7.3 PLUG POSITION

Valves shall be shipped with the plugs in the open position.

7.4 PACKING

If stem packing is used, valves shall be shipped with the
stem packing installed. After a valve has been successfully
pressure tested and accepted, at least 75 percent of the gland
adjustment travel shall remain for use in service.

7.5 PACKAGING

7.9.1 Unless export packaging 1s specified in the purchase
order, valves may be shipped loose, palletized, or packed in
cartons, boxes, or crates.

7.5.2 If export packaging is specified in the purchase order,
valves shall be shipped individually or collectively in wooden
boxes or crates in a manner that will prevent their shifting
within the package.

SECTION 8—RECOMMENDED SPARE PARTS

When specified on the purchase order, the vendor shall
submit a complete list of spare parts. The list shall include
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Foreword

This recommended practice was formulated by Subcommittee 6, Ad-Hoc Task Group under ISO Standard 10423 on
Heat Treatment of Large Cross Section and Critical Section Components. It is a report of the conclusion of a task
group study of heat treatment as covered by API| Specification 6A, Specification for Wellhead and Christmas Tree
Equipment.

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

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to contorm to the specification.

This document was produced under API| standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an AP| standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate all or any part
of the material published herein should also be addressed to the director.

Generally, AP| standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 1220 L Street, NW, Washington, DC 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Heat Treatment and Testing of Carbon and Low Alloy Steel Large Cross Section
and Critical Section Components

1 Scope

This recommended practice (RP) may supplement the AP| equipment specifications for carbon and low alloy steel
large cross section and critical components. The recommend practice described herein suggests the requirements for
batch-type bath quench and water spray quench-type heat treating practices.

2 Normative References

Standards referenced in this specification may be replaced by other international or national standards that can be
shown to meet or exceed the requirements of the referenced standard. Manufacturers who use other standards in lieu
of standards referenced herein are responsible for documenting the equivalency of the standards. Referenced
standards used by the manufacturer may be either the applicable revision shown in Section 2 and herein or the latest
revision. When the latest edition is specified it may be used on issue and shall become mandatory six months from
the date of the revision.

API| Specification 6A, Specification for Wellhead and Christmas Tree Equipment
ASTM A2551, Standard Test Methods for Determining Hardenability of Steel

NACE MRO01752/1ISO 151563, Petroleum and natural gas industries—Materials for use in HoS-containing
environments in oil and gas production

SAE AMS-H-6875 4, Heat Treatment of Steel Raw Materials

3 Terms and Definitions
For the purposes of this document, the following definitions apply.

3.1

critical section components

Any part having a cross section thickness with an equivalent round (ER) that exceeds the depth of hardenability of the
alloy selected for the part.

3.2
large cross section
Any part having a cross section thickness with an equivalent round (ER) greater than 5 in. (125 mm).

3.3

prolongation

An extension of a piece of raw material or an extension of a production part made integrally during forging, hot
working, cold working or casting for the purpose of performing mechanical testing and metallurgical evaluation.

3.4
QTC
Qualification test coupon.

1 ASTM International, 100 Barr Harbor Drive, West Conshohocken, Pennsylvania 19428, www.astm.org.

2 NACE International (formerly the National Association of Corrosion Engineers), 1440 South Creek Drive, Houston, Texas
77218-8340, www.nace.org.

3 International Organization for Standardization, 1, ch. de la Voie-Creuse, Case postale 56, CH-1211 Geneva 20, Switzerland,
WWW.is0.0rg.

4 SAE International, 400 Commonwealth Drive, Warrendale, Pennsylvania 15096-0001, www.sae.org.
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3.5
soak time
The time that the entire part (throughout its cross section) is at the specified temperature.

4 Purpose

Heat treatment is a critical process that must be appropriate and controlled in order to produce parts that comply with
design requirements. Per API 6A, “The properties exhibited by the QTCs shall represent the properties of the thermal
response of the material comprising the production parts it qualifies. Depending upon the hardenability of a given
material, the QTC results might not always correspond to the properties of the actual components at all locations
throughout their cross section.”

The specified mechanical properties may not necessarily be required or achieved through the entire section thickness
of the production part(s). These procedures are intended to provide the manufacturer and end user with a means of
ensuring that the qualification test coupon (QTC) is more representative of the mechanical properties in a large cross
section component than can be expected with a standard API equipment specification QTC. Furthermore, these
procedures are intended to provide to optimize the heat treatment and heat treatment response of large cross section
components, thereby insuring that the component has the required mechanical properties at the depth below the
surface established by the manufacture at all critical locations.

It should be noted that the required mechanical properties as established by the manufacturer may be different from
the mechanical properties required by the AP| equipment specification.

This recommended practice is intended to supplement the heat treatment and testing requirements found in the API
equipment specification and not to replace them altogether.

5 Application

This recommended practice Is intended for use on large cross section components being manufactured for
conformance to APl equipment specifications.

6 Recommended Heat Treating Practices
6.1 General

Heat treating may be defined as the controlled heating and cooling of a metal in order to obtain a desired
microstructure and consequently desired properties. Carbon and low alloy steels are the most widely used alloys in oil
and gas exploration and production. One of the reasons for this is their versatility: a wide range of properties can be
obtained through an appropriate heat treatment. The basis for heat treating carbon and low alloy steels is that they
have several different stable crystal structures depending on the heat treatment process used. By transforming the
crystal structures during heat treatment, the desired microstructure and mechanical properties can be obtained in the
end product, provided the size of the product does not exceed the hardenability limits of the alloy.

The most common type of heat treatment imposed on carbon and low alloy steels is a three- to four-step process
consisting of austenitizing, quenching, and tempering (Q&T) or normalizing, austenitizing, quenching, and tempering
(N-Q&T). The austenitizing cycle consists of heating the steel up to a temperature high enough to completely
transform its microstructure into austenite (typically about 1500 °F to 1700 °F or 816 °C to 927 °C for most common
low alloy steels). Austenite is a phase of steel having a face-centered cubic structure.

The quenching cycle consists of removing the steel from the furnace and rapidly cooling it in a suitable liquid quench
medium such as water, polymer, or oil before the temperature of any section of the component falls below the upper
critical temperature. Ideally, the austenite transforms into a structure known as martensite during the quench and
greatly harden the steel. Martensite generally has high strength but very low ductility, toughness, and resistance to
brittle fracture. Austenite transforms into martensite only if a certain critical cooling rate is achieved. Slower rates
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result in other softer transformation products such as bainite, pearlite, and ferrite (in descending order of hardness).
The actual cooling rate required to produce martensite is dependent on the alloying content of the steel.

The final stage of heat treating carbon and low alloy steel is tempering. This consists of reheating the steel to an
elevated temperature, but below where it would again transform into austenite, and letting it soften. This lowers the
strength but greatly increases the ductility and toughness of the steel. Tempered martensite exhibits the best
combination of mechanical properties (hardness, strength, ductility, toughness, fatigue, etc.) of any of the
transformation hardening microstructures.

As indicated above, in some cases an additional operation is utilized prior to the austenitizing cycle. This
process is called normalizing. Normalizing consists of heating uniformly to temperature at least 100 °F (56 °C)
above the critical range and cooling in still air to ambient temperature. The treatment produces a recrystallization
and gives refinement and uniformity to the grain structure. The redistribution of the elements that occurs during
normalizing produces a microstructure that responds to heat treatment in a more uniform manner. For many low
alloy steels, normalizing prior to austenitizing can improve the toughness of the material and reduce the
tendency toward a banded structure.

The mechanical properties of carbon or low alloy steel are dependent on the type, relative amounts, and distribution
of the various microstructural components that form in response to a heat treatment. The surface of a part always
heats up or cools down at a faster rate than the center.

Thus, some variation in microstructures and properties can be expected within the same part, particularly if there i1s
variation in section thickness. The variation in microstructure can be reduced and the desired microstructure obtained
by selecting an alloy grade with appropriate hardenability and performing rough machining to near net shape prior to
heat treatment.

Heat treating is the controlled heating and cooling of a metal to obtain a desired microstructure. Good heat treat practice
Involves having the proper equipment and procedures in place to ensure that the necessary control is maintained.

6.2 Requirements for Heat Treating Equipment

6.2.1 Requirements for Heat Treat Furnaces

Furnaces must be adequately sized for the load to be heat treated. The load must fit entirely within the calibrated
working zone. The furnace must be capable of bringing the load up to temperature within a reasonable time period.
The furnace must be adequately insulated to prevent heat loss and maintain temperature uniformity. Electric furnaces
should have some mechanical means of circulating the air during heating. Furmaces shall have automatic
temperature indicating, controlling, and recording devices.

The controlling and recording instruments used for heat treating shall posses an accuracy of +1 % of their full scale
range.

Furnaces shall be properly calibrated no less than once a year to an internationally recognized standard such as SAE
AMS-H-6875 or APl 6A. Furnaces shall be capable of maintaining a uniform temperature within the working zone of
+25 °F (+14 °C) of the set point temperature for austenitizing and normalizing and +15 °F (+8 °C) of the set point
temperature for tempering.

Temperature controlling and recording Instruments shall be calibrated at least once every three months.
Thermocouples also shall be calibrated or replaced at least once every three months.

Equipment used to calibrate production equipment shall have an accuracy of £0.25 % of full scale range and shall be
traceable to an industry recognized industry standard such as the National Institute for Standards and Technology
(NIST).
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6.2.2 Requirements for Quenching Facilities

Quench tanks shall be located in close proximity to the austenitizing furnace and be easily accessible. This minimizes
transfer time and heat loss of the load during the transfer. Transter time from furnace to the quench tank should be as
quick as possible but no more than 90 seconds. The transfer time shall be measured from the time the furnace door
IS fully open or the furnace roof is fully removed and until the component(s) is completely submerged into the quench
bath. In cases where the 90-second transfer time is not achievable, objective evidence shall be provided to
demonstrate that the material meets material specification properties.

Quench tanks shall be adequately sized for the loads. In the case of water quenching, the volume of water quench
tanks shall be such that the temperature of the water does not exceed 100 °F (40 °C) at the start of the quench and
does not exceed 120 °F (50 °C) at the end of the quench. This may require the use of supplemental heat exchangers
or chillers. As a general guideline, quench tanks should have approximately one gallon of quench media for every
pound of load being quenched.

Proper agitation is critical. Quench tanks should have some means (propellers, pumps, etc.) of circulating the quench
media to optimize the cooling rate. In the case of water quenching, agitation must be sufficient to break up the steam
blanket that forms at the surfaces of the hot immersed part. The steam blanket acts as an insulator and greatly reduce
the cooling rate. A quench tank with proper agitation has a noticeable rise in the level of quench medium in the
quench tank when the agitators are turned on. Agitators shall be placed so that circulation is maintained throughout
the quench tank when a load is being quenched. A quench tank with a single pump located at one end, for example,
may not be acceptable because part of the load would be shielded from the quench media flow. Air agitation Is
unacceptable.

When oil quenching is performed, only oil formulated by the quench oil manufacturer specifically for heat treat
quenching operations shall be used. Additionally, oil quench media shall be maintained within the
manufacturers’ recommended temperature range. These requirements are necessary to minimize the possibility
of oil quench tank fires.

Polymer quench media shall be maintained within the manufacturers’ recommended temperature range, and the
concentration of the polymer shall be routinely monitored and adjusted as necessary.

Spray quench facilities shall consist of one or more high pressure and high volume spray quench rings. These spray
quench facilities are normally used for quenching cylindrical cross section parts such as bar and tubing. Essential
parameters such as nozzle size, jet spacing, standoft, flow rate of quench medium, and traverse rate of component
shall be quantified and controlled.

Quench baths shall permit complete immersion of parts, shall provide for agitation of the quench medium of the parts,
shall be of sufficient volume to absorb the heat rejected by the most massive part to be quenched, and shall have a
temperature indicator with a sensor in the quench media. Quenching baths shall be free from visible contamination
that could detrimentally affect the quenching process. Bath maintenance programs should be established. A system
check shall be made prior to production use to ensure the adequacy the agitation system and that the system is
designed to minimize susceptibility to agitation variation. When using polymers, a concentration control system shall
be established prior to production use.

Fixtures, jigs, hangers, trays, snorkels, etc. shall be employed as needed for proper handling of parts. Fixtures and
fixture materials shall not cause contamination of parts and shall not reduce the heating, cooling, or quenching rates
to less than that required for adequate hardening of the parts.

Equipment shall be provided to clean parts before heat treatment and to remove oil from parts quenched in oil baths
and salt residue from parts heated or quenched in salt baths. When using polymer quenchants, a rinsing system shall
be in place to remove quenchant residue from the parts.
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6.3 Recommendations for Heat Treatment Procedures and Practices
6.3.1 Specifying Heat Treatment Parameters

The manufacturer shall provide the following technical information to the heat treat facility:
— material grade;

— ladle analysis or product chemical analysis;

— description of the parts to be heat treated including the quantity;

— QTC requirements (see 6.4);

— qualification testing and acceptance criteria (e.g. mechanical properties, metallurgical requirements, and test
method specifications);

— any restrictions on specific furnace size or type used, when applicable;
— heat treating times and temperatures for all cycles;

— quenching medium, including start and finish temperature limits for water;
— allowable methods of determining time at temperature for each cycle;

— allowable reheat treatment provisions for nonconforming material;

— hardness test method, locations, frequency, and acceptance criteria;

— any special requirements;

— certification and records requirements.

6.3.2 Rough Machining Practices

Machining prior to heat treat should be considered to minimize the stock remaining on parts made from carbon and
low alloy steels with relatively low hardenability.

Parts requiring rough machining prior to heat treatment shall have sharp corners radiused or chamfered prior to
the austenitize and quench operation. Such radiused or chamfered corners help to prevent quench cracking in
these areas.

There should be generous radii on all corners of parts being heat treated to prevent quench cracking. A 1/g-in. (3-mm)
radius is the minimum, but /4 in. (6 mm) or larger is recommended.

Rough machining to within /8 in. (3 mm) to /2 in. (13 mm) per side of major finished dimensions prior to heat
treatment is recommended. Additional material may need to be left on the component for the following reasons:

— to prevent quench cracking;
— to allow for the removal of surface scale and decarburization;

— to allow for the removal of surface imperfections;
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— to allow for the distortion of part geometry;
— to ensure cleanup to the finished dimensions during final machining.

In some cases the placement or rough machining of internal through bores and/or internal part configuration bears on
the selection of the appropriate alloy. Since the through bores and internal configuration substantially reduce the
section thickness, the hardenability of the alloy selected may be less than that required for the same part without the
through bores.

Contiguous thickness variations should be minimized to help prevent quench cracking. Larger section thicknesses
quench at a much different rate than do the smaller sections and create a potential for contractual stress cracking
between the sections during the quench. A generous radius should be left between these section thicknesses prior to
heat treatment.

6.3.3 Furnace Loading Practices

To ensure that all parts are evenly heated and quenched, provide sufficient part spacing within the working zone of the
furnace. Do not stack or bundle parts. Fixtures may be required.

Parts should not be placed directly on the furnace hearth (floor). Use a metal tray or fixture that allows the furnace
atmosphere to circulate around and under the part. The refractory on the furnace floor is a large heat sink that may
result in uneven heating of the part.

Support long parts as needed to prevent sagging during heat treating. Sagging may occur especially during the
austenitizing cycle.

Consider using heat treating fixtures for parts with complex geometries to prevent distortion during heat treating.
6.3.4 Specification of Normalizing Temperature

Recommended normalizing temperature ranges for low alloy steels are available in many heat treating handbooks. In
general, a temperature at least 100 °F (56 °C) above the critical range is chosen. This is followed by cooling in still air
to room temperature.

6.3.5 Specification of Austenitizing Temperatures

Recommended austenitizing temperature ranges for low alloy steels are available in many heat treating handbooks.
In general the minimum temperature Is selected based on the minimum temperature at which the transformation into
austenite is complete plus an added safety factor, often in the range of 50 °F to 100 °F (28 °C to 56 °C). The upper
limit is based upon giving the heat treater a practical range to work to but limiting the temperature to minimize
excessive grain growth.

6.3.6 Specification of Tempering Temperatures

Recommended tempering temperature ranges for a prescribed set of mechanical properties in a given carbon or low
alloy steel are also readily available in many heat treating handbooks. The minimum temperature may have to be
adjusted in order to comply with some standards such as NACE MR0175/ ISO 15156 or, if possible, to ensure that the
tempering temperature is well above any weld stress relieving that may subsequently be performed on the part. The
maximum temperature is kept well below the temperature where reaustinetizing may occur. It may be adjusted to
ensure the end hardness and strength of the heat treated part is on the high side. The range should be wide enough
to allow the heat treater some leeway in determining the actual temperatures to be used on specific parts with specific
compositions. Care should be taken to avoid any tempering temperatures that may result in the formation of
deleterious phases that could cause embrittlement or increase susceptibility to some forms of corrosion. After the
tempering cycle, parts are usually cooled in air. Sometimes it may be appropriate to liquid quench certain steels from
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the tempering temperature to avoid slow cooling through temperature ranges that may lead to various forms of
temper embrittlement.

6.3.7 Specification of Heat Treatment Time at Temperature

Soak time is the time that the entire part (throughout its cross section) is at the specified normalizing, austenitizing, or
tempering temperature. The actual furnace times are considerably longer to allow the parts to be heated up to the
specified temperature. The austenitizing time should be sufficient to allow the complete transformation to austenite
and to dissolve any undesirable phases but not excessively long in order to prevent excessive grain growth or
excessive decarburization of the surface. There are several factors that can influence the furnace and soak times for
heat treat cycles such as the specific alloy, temperature monitoring methods, required material properties, and
material configuration.

When the furnace atmosphere thermocouple monitoring method is used to monitor time at temperature, the furnace
time should be specified as opposed to soak time. The furnace time is dependent on the cross section of the material
being heat treated, and times are typically around /2 hour to 1 hour per inch of cross section. Heat-up times vary
based on convective and radiant conditions of the furnace heating environment and need to be considered when
determining time at temperature.

When the attached thermocouple monitoring or heat sink thermocouple monitoring methods are used to monitor
temperature, the soak time should be specified instead of the furnace time. When using these temperature-
monitoring methods, the soak time specified is not a function of the cross section, and times are typically '/2-hour to
1-hour minimum.

6.3.8 Specification of Heat Treatment Temperature Monitoring Method

Having the part being heat treated at the specified austenitizing and tempering temperatures for a sufficient period of
time is critical to obtaining the desired properties throughout the entire cross section of the part. Thus determining
when a part first reaches the prescribed temperature is important. The actual method utilized must take into account
the fact that heavier cross section parts take longer to heat up. The three common methods of determining time at
temperature are as follows.

—  Furnace Atmosphere Thermocouple Monitoring—In this method, a thermocouple, generally suspended from the
- ceiling of the furnace, is used to monitor when the furnace atmosphere reaches the desired set point
temperature. The total furnace time after the furnace atmosphere recovers to the set point temperature is
calculated based upon on the heaviest cross section of any part in the furnace load. SAE AMS-H-6875 provides
suggested hold times that can be utilized as a reference.

— Aftached Thermocouple Monitoring—In this method, a thermocouple is attached to the surface of the heaviest
cross section of the largest part in a heat treatment load. The specified normalizing (if required), austenitizing, or
tempering time at temperature begins when the surface thermocouple reaches the desired set point temperature.
In some cases a drop thermocouple is utilized. This is a thermocouple attached to the ceiling of the furnace that
can be lowered until it physically comes into contact with the part.

— Heat Sink Thermocouple Monitoring—In this method, a thermocouple is imbedded in a separate block of
material (made from the same general type of material as the parts being heat treated, e.g. carbon/low alloy
steel). The temperature sensing tip of the thermocouple must be at least 1 in. below the nearest surface. The size
of the heat sink should be equal to or greater than that of the heaviest cross section of the parts being heat
treated. The specified normalizing (if required), austenitizing, or tempering time at temperature begins when the
thermocouple reaches the desired set point temperature. An acceptable alternative to a separate heat sink is to
imbed the temperature sensing tip of the thermocouple at least 1 in. below the surface into one of the production
parts’ heaviest cross section. Obviously this small hole must not be in a location that would interfere with the use
of the finished part.
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6.3.9 Specification of Quench Medium

A guench medium should be chosen that gives the fastest possible cooling rate without causing quench cracking.
Recommended quench media for given carbon and low alloy steels can be found in any standard heat treating
handbook. Any deviation from the commonly recommended media should be considered very carefully before it is
permitted.

There may be times when a slower quench medium is desired in order to minimize distortion or the likelihood of
quench cracking because of part geometry. The effects of using a slower quenchant on the end properties must be
considered. Although slower quenchant reduces the likelihood of cracking, it also results in lower mechanical
properties across the section thickness for a given alloy.

When liquid quenching Is required, oil, water, or a polymer/water solution may be used as specified for the alloy and
temper indicated. The consistency of quench effectiveness shall be determined for each tank by testing initially and
periodically. The heat treating facility shall establish control limits for each quenching system.

Problems, such as cracking and high residual stress, due to an inappropriate quenchant or improperly designed system
that is not suitable for a particular alloy and configuration shall be avoided. Because of wide variations in quenching
characteristics of different quenchants in different quenching systems, a quenchant validation procedure shall be
implemented when initially establishing the quenching procedure or when changing from one quenchant to another.

When substituting a polymer quenchant for an existing oil quenchant, the quenchant validation procedures shall
ensure that the polymer and concentration being substituted achieves cooling characteristics that are similar to the
existing oil qguenchant and that the properties being produced are equivalent to those for oil quenched parts.

In addition to the specification of proper quenching practices, the vendor’s general material handling and quenching
practices can affect component properties. For example,

— minimize the transfer time and the loss of part temperature from the austenitizing furnace to the quench tank;

— parts with blind cavities or long bores should not be quenched with the cavity opening or bore oriented
downwards so that steam may become trapped;

— consider the use of a water lance to supplement and enhance the quench in the bore of a long part;

— In some applications where the component is long, heavy walled with a small bore, vertical quenching may need
to be used;

— do not delay putting quenched parts into the tempering furnace—spontaneous cracking can occur on highly
stressed, quenched parts. All parts should be tempered within 24 hours of the quenching operation.

6.3.10 Hardness Testing Practices

The manufacturer shall inform the heat treater of the maximum or minimum hardness or the hardness range and
specify where the hardness tests should be taken as well as the frequency of hardness tests.

Consider giving the heat treater a drawing identifying the most critical areas in the part so the heat treater can try to
optimize the heat treatment response of these areas.

Specify the largest possible hardness range allowable on a difficult to heat treat part. This is typically determined by
the manufacturer’'s material specification.

The manufacturer should not always specify a minimum hardness based upon the minimum hardness required at the
most highly stressed portion of the part. If only certain areas of a part require a high hardness, then the manufacturer
should consider providing a drawing that gives different acceptable hardness ranges for the different part locations.
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6.3.11 Qualification of Heat Treating Suppliers

Heat treatment shall be performed by suppliers who are qualified and approved by the manufacturer through the
performance of a technical audit. The technical audit is designed to assess the capability and proficiency of the heat
treat provider.

6.4 Recommendations for QTCs

The standard APl 6A 5-in. (125-mm) equivalent round QTC with specimens taken at the T/4 location may be
sufficient to qualify the heat treatment of the material. Where the design requires mechanical properties for cross
sections and depths greater than that provided by a 5-in. (125-mm) QTC, a larger size QTC may be required to
qualify the heat treatment. The hardenability of the material selected should be sufficient to meet the design
requirements. One method of determining the relative hardenability of carbon and low alloy steels is to utilize the ideal
diameter (DI) method in ASTM A255.

Prolongations on forgings, bars, tubulars, castings, and other products may be used for the qualification of the heat
treatment. The prolongation shall represent the thickness of the manufacturer-defined critical section or the thickest
section of the part. The location of the test specimens shall be within the 1/4T envelope or the manufacturer’s
specification. Additionally, in some instances, sacrificial production components may need to be used to accurately
assess the mechanical properties achieved during heat treatment. Alternatively, comparison of test results from a
separate QTC versus the test results from a sacrificial part or prolongation may be performed to justify the use of a
separate QTC.

At a minimum, one QTC shall be used for each heat per each heat treat batch.
The separate QTC shall accompany the component it represents through all specified heat treatment and quench
cycles. Placement of the QTC in the heat treatment furnace in relation to the materials to be heat treated shall be

considered because of the aforementioned difference in thermal response between the QTC and larger cross section
material to be heat treated.

7 Design Consideration and Material Selection Requirements

If minimum mechanical properties are required throughout the entire section thickness of the part, the alloy selected
shall have the capabillity to develop the required mechanical properties through the part section thickness.

The selection of the appropriate alloy shall be made on the basis of the geometric configuration of the part and the
hardenability of the alloy.
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