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Foreword

The Interdepartmental Serew Thread Committee (ISTC) was established to promote uniformity in
screw-thread standards in the Department of Defense (including the Departments of the Army, Navy, and
Air Foree) and the Department of Commerce, The organization and funetions of the ISTC are shown in its
charter. -

The ISTC shall be responsible for (1) recommending to appropriate activities research and development
efforts relating to screw threads; (2) developing standards for serew threads; (3) participating in the develop-
ment of standards for gages, dies, taps, and other items associated with the manufacture and use of inter-
changeable threaded parts employed by Government agencies; and (4) providing advisory serviees on seience,
technology, and standards of practice as these relate to serew threads.

The standards developed by the ISTC, on approval by the participating Departments and Agencies,
are published in Handbook H28. The standards in Handbook H28 are revised as deemed necessary by the
I8TC.

This 1969 izssue of Part I is being published essentially to incorporate the changes in Part I made by the
1963 Supplement and to revise the sections on Nomenclature, and Gages and Gaging to be in general agreement
with USA B1.7-1965 and USA B1.2-1966.

Handbook H28 is issued in 3 parts. This Part, Part I, contains information on Unified and Unified mini-
ature screw threads. Part IT contains information on pipe threads, including dryseal pipe threads; gas cylinder
valve threads; hose coupling, including fire-hose coupling threads; and hose connections for welding and
cutting equipment. Part IIT containg information on Acme, Stub-Aeme, Buttress, and miseellaneous threads.

At this time, the latest issues of Parts I1 and III are those of 1957 identified by a block on the cover
stating “Reprinted December 1966 with corrections™. These two parts include the changes to the respective
parts listed in the 1963 Supplement to H28.

In this 1969 issue of Part I, sections are being designated by arabic instead of roman numerals. Ap-
pendixes are designated by an arabic number preceded by A, To allow insertion of section 4 on UNJ threads,
section I, Introduction, of the 1957 issue is included but without & seetion designation. Former sections 1T,
III, and IV have been renumbered as sections 1, 2, and 3.

In this 1969 issue of Part I, when designating tables and figures, a number is only used once. For example,
if & figure is designated figure 2.1, there will be no table 2.1.

In 1966, the American Standards Association (ASA) changed its name to the United States of America
Standards Institute (USASI). In October 19689, USASI changed its name to the American National Standards
Institute (ANSI),

All references to USBASI herein will apply to the American National Standards Institute (ANSI). Prepara-
tion for printing of Handbook H28 has progressed too far to make the changes in name throughout the Hand-
bowol:.

Arraur G. StRANG, Chairman,
Interdepartmental Screw Thread Commilles
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Metric Translation of Serew Thread Specifications

s« Tofacilitate and encourage the use of these unified screw. thread standards
In metric countries most of the specifications given in this dooument have been
tr_unsiublbd into metrie language under the sponsorship of ABME and SAE. This
translation appears as USA standard Bi1.1a-1068. The detailed specifications in
metri¢ language of the unified serew threads given in B1.1a~1068 is more extensive
1,11.:"1 is presently available for the ISO metrie series of secrew threads. Copies of |
USA standard B1.1a ean be obtained for $3.00 from the American National Stan-
dards Institute, 1430 Broadway, New York, New York 10018, .
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Declaration of Accord

With respect o the

Wnification of Screw Threads

B: is hereby declaved that the vndersigned, vepresentatives of their Gobernment
and Bndustry Bodies, charged with the development of standards for screw
threads, Agree that the standards for the Wnified Scvetw Threads given in the
publications of the Committees of the British Standards Anstitution, Canadian
Standards Assoriation, American Standards Association and of the Anterde-
partmental Screw Thread Committee fulfill all of the basic requirements for
geneal interchangeability of threaded products made in accordance With any of
these standards.

I

Eht Bodics noted abobe Wwill maintain continuous cooperation in the 5
further development and extension of these standards.
|
5i§ntﬂ in Mashington, . €., this 1sth dap of Nobember, 1948, at the E
Jational Bureau of Standards of the Wnited States. i
b
e D s Ministry of Trade and Commerce, Dominion of Canada {
f% S Eanadian Standards Association :
TRE Sandirs Pinistrp of Supply, Vnited Bingdom
Te . Bitish Standards Anstitotion |
A A S Representative of British Industry
JRational Boreaw of Standards
Al o H. S. Department of Commerce
Anterdepartmental Screw Thread Committee
T P el e it Soces of Mickniol Engiers
M ? Societn of ﬂmunntil:i!t% Engineers

ponsors Council of Enited States and Hnited
Wit £ Bese~  Bingdom on the Enification of Screw Threads
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APPROVAL BY
THE DEPARTMENTS OF DEFENSE AND COMMERCE
The accompanying Handbook H28 (1969), Part I, on Screw-Thread
Standards for Federal Services, submitted by the Interdepartmental
Screw Thread Committee, is hereby approved for use by the

Departments of Defense and Commerce.

FOR THE DEPARTMENT OF DEFENSE: FOR THE DEPARTMENT OF COMMERCE:

Lt. Col. LEONARD A. STASZAK, USAF LEWIS M. BRANSCOMB
Director for Standardization Director
Department of Defense Hational Bureau of Standards

T T T T R W R TR
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INTRODUCTION

The purpose of Handbook H28 is to present com-
plete dimensional data for the threads on the
threaded products procured by the Federal Bervices,
So far as practicable, these data are intended to
conform to generally accepted commereial practice,
although certain special requiremnents of the Federal
Services neeessitate the inclusion of some standards
not generally applieable outside of the Government.
References are cited throughout the text to the
gtandards promulgated by the United States of
America Standards Institute (USABI) and to such
other published standards as are in agreement with
the specifications herein,

The personnel of the Interdepartmental Berew
Thread Committee is as follows:

Representing the Department of Defense:

Mg, M. A. Forn, Office of the Assistant Seeretury of De-
fense (Installations and tics), 6th Floor, Lynu
Buailding, 1111 North 19th Street, Arlington, Virginia
E2200

Re ing the Department of the Army:
r. M. L. Fruecatesicwr, Metrol Engincering
Divison, Army Metrology and Calibration Center,
Redstone Arsenal, Alabama 35809
M. Imwis 8. Rosew, US. Army Mobility Equipment
Command, SMEFB-RDE-KM, Fort Belvelr, Virginin
22060

Allernala:
M. J. Wiieiam P. Beaven, U5, Army Mobility Kaquip-
ment Command, SMEFB-RDE-KC, Fort Belvoir,
Virginia 22060

Ekﬁﬁm-ling the Drﬁurimcnl af the Nauy:

R’ (GARLAN orMaN, Code: ATR-530823, Naval Air
Systems Command, ﬁepﬂ.ﬂﬂ-‘lcﬂt of the Navy, Waah-
ingilon, D.C. 20380

Mp. James E. Wavter, Code: AIR-52021C, Nawval Air
Bystema Command, Department of the Navy, Washing-
ton, D.C. 20360

Allernate:
Mr. Harry L. Brevcker, Weapons Engineering Stand-
ardization Office, Naval Air Engineering Center (X-22),
{Jg:pm'fm ment of the Navy, Philadelphia, Pennsylvania

enling the Departmend of the Air Force:
r F. L. Carxing, ASD (ASNPS-30), Wright-Patterson
AFB, Ohio 45433

Mr Frawk A. Hawnow, ASD (ASNFS-30), Wright-
Patterson AFB, Ohio 45433

Rc{;‘suen!hg the Department of Commerce: :

Me. A. G. Srrang, Chairman of ISTC, Chief, Engincering
Metrol Section, National Bureau of Standards, tm.
A107, MET Bldg., Washington, D.C. 20234

Mg J. . Rees, Secretary of ISTC, insering Motrol
Section, National B‘ur?:u of Sta:::m, H‘.m.EAl[lT, Mquq:
Bldg., Washington, D.C. 20234

Liaison Representalives of Slandards Commaillces fxed
Under the Procedures of the United Stetes of Americo
Standards Instilute ([TSAS]) and Sponsored by The Americon
Society of Mechanical Engineers, the Sociely of Atlomotive
Engineers, and the American Gas Associalion:

{The membership of the Industry Lisison Representatives
on the USA Standards Committees closely allied with
Serew Thread Standardization s shown Tollowing the
representative’s name and address. The titles of these

UBA Standards Committees are:

Bl on the Standardization and Unification of Screw
Threads

B2 on the Standardization of Pipe and Hose Coupling
Threads

BI& on the Standardization of Bolts, Nuts, Rivels,
Serews, and Similar Fasteners.

B47 on the Standardization of Gage Blanks

BE7T on Decimalized Mesure

BEF on Dimensional Melrology.)

Mg. C. T. Arrieron, Causeway Street, Jefferson, Massa-
ﬂﬁl':llﬁoeﬂx 01522 (Member of USASI Committess Bl and

Mg. T. C. BatisGarTis, I!.I,u.nu.?’er, Engineering, Standard
Btee] Co., Jenkintown, Pennsylvania 19046 (Mem-
ber of UBASI Committes B1)

Mg, Ricuasp B, Bewrosp, Technical Director, Industrial
Fasteners Institute, 1505 Esst Ohio Building, 1717 East
Oth Streat, Cleveland, Ohio 44114 (Member of USAS]
Commitiees Bl and B18)

Mr. A. K. Breeo, Technical I¥rector, The Lamson
& Besdons Co., 5000 Tiedeman Road, b.lmrlﬂnm! Orhio
44144 (Member of USASI Committess B18 and B8T)

Mgz, Joun F. Crasen, Chief, Standards and ification,
The Boeing Company, P.0). Box 3008, Benttle, Washing.
ton 98124; Representing the National Aerospace Sbannﬁ
ards Commitiee of 1.I1.¢lg.r!.empn.¢e Industries Association
fﬁmﬁgﬁli]m Ine. (Member of USASI Committees Bl

Mz, 1), J, EManveria, Greaofield Tap & Lie, a United-
Greenfield Division 1:-5I TRW, Ine., Greenfield, M k=
sebts 01301 (Member of USASI Committee B1)

M=z. J. K. Every, The Van Keuren Company, 176 Waltham
SBtreet, Watertown, M usetts 02172 (Member of
USASI Committes B83)

Mgr. W. E. Hav, The E:‘Ee Machinery Cumpa}.:}y. 20100
Lakeland Boulevard, Wicklife, Ohio 44092 {Member of
URASI Committens 111, B2, B47, and BED)

Mz. Ennest J. Heromans, Chief Engineer and L¥irector,
. & )., The Holo-Krome Company, P.O. Box 98,
Elmwood Branch, Hartford, Connectient 06110 {Member
of TRABT Committess Bl and B18)

Mr. Staniey (. Jouwsow, The Johnson Gage Com
534 Cottage Grove Road, Bloomfeld, Connecticut
{Member of USASI Committees Bl and B4T)

Mu. 8 1. Kanrer, Chiel Engineer and Hesearch Direotor,
The Hanson-Whitney Com , Hartford, Connecticut
06101 (Member of TTSASI Committess Bl and B4T)

Mz, D, H. Becorn, Pratt and Whitney Aircraft Division,
En%gecrin.g Building 3NW, East Hartford, Connecticut
06108; Represanting the Air Breathing Propulsion Come-
mittee of the Aerospace Industries Association of Amer-
ica, Inc. (Member of USAST] Committee B1)

Mg, F. P. Tiscn, Exeoutive Engineer, Voi-Shan, a Division
of VB[ Corporation, P.O. 512, Culver City, Cali-
I’ﬁnrgia 00231 (Member of UBABI Committess Bl and

1

Mg It. P. Trowsmpae, Director, Engineering Standards
Hection, Engineering Staff, General Motors Corporation,
General Motors Technieal Center, Warren, Michigan
48000 { Member of USASI Committecs B and B18)

Mu. J. E. Warsown, Pratt & Whitney, Cutting Tool and Gage
Division of Colt Industries, West Hartford, Connecticut
%@JI [(Member of USASI Committess B1, B2, BAT, and

1
:
¥
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This section is in general agreement with United
Btates of America Standards Institute Standard
USA BL.7, Nomenclature, Definitions, and Letter
Symbols for Screw Threads, published by The Amer-
jean &clet}f of Mechanical Engineers, United Engi-
neering Center, 345 East 47th Btreet, New York,
N.Y. 10017. The latest revision should be consulted
when referring to this USA standard. As of date of
issue of this section, USA B1.7-1965 is the latest
revision. For further related definitions, =ee USA
B18.12, Glossary of Terms for Mechanical Fasteners.

1. GENERAL

1.1. The purpose of this section is to establish
uniform practices with regard to: (1) Screw-thread
nomenclature, and (2) letter symbols for designating
dimenszions of screw threads for use on drawings, in
tables of dimensions which set forth dimensional
standards, and in other records, and for expressing
mathematical relatinnships

1.2, This section consists of a glossary of ferms,
tables of screw-thread dimensional symbols, illus-
trations showing the application of dimensional
symbols, tables of thread series and dimensional
designations, and an index.

1.3. Typography.—In accordance with the usual
practice in published text, letter symbaols and letter
subscripts, whether upper or lower case, should be
printed in italic type. An exception is Greek letters;
Greek capital letters are always vertical, and lower
case always resembles italics. In manuscripts this is
indicated by underlining each symbol to be italicized.
Coefficients, numeral subscripts, and exponents
should be printed in vertical Arabic numerals.
Standard mathematical notation should be followed.

2. DEFINITIONS OF TERMS

2.1. The terms commonly applied to serew threads
may be classified in four general groups, namely,
t.hom relating to: (1) types of serew threads (2)
size and fit of mechanmalI parts in general, (3) geo-
metrical elements of both straight and taper serew
threads, and (4) dimensions of serew threads.

The definitions presented herein apply generally
to theoretically correct leads and thread forms but
also reflect practical considerations relative to pro-
duction, gaging, and measurement of threads. With
& few obvious exceptions the definitions apply géner-
ally to all forms of thread.

3. TERMS RELATING TO TYPES OF
SCREW THREADS

3.1. Berew threads and the terms generally ap-
plied to designate the types of screw threads, are
defined as follows:

3.2, Borew TuREap.—A screw thread (herein-
after referred to as a thread), is o ridge, usually
of uniform section and produced by forming o
groove in the form of & helix on the external or
internal surface of & cylinder, or in the form of
a conical spiral on the external or internal surface

of & cone or frustum of & cone. A screw thread
formed on a cylinder is known as a straight or parallel
thread, to distinguish it from a faper thread which
is formed on & cone or frustum of a cone,

3.3. Turean.—A thread is & portion of a screw
thread encompassed by one piteh. On a single-start
thread it 15 equal to one turn. (See par. 6.5 Threads
per Inch and par, 6.6 Turns per Inch.)

_ 3.4, SINGLE-START THREAD.—A single-start thread
is one having the lead equal to the pitch. (See par.
6.2 Pitch ang par. 6.3 Lead.)

3.5. Murriere-Srart THREAD.—A multiple-start
thread is one in which the lead is an integral multiple
{other than one) of the piteh.

3.6. ExTeERNAL THREAD.—AnD external thread is
one on a eylindrical or conical external surface.

3.7. InTERNAL THREAD.—AnN internal thread is
one on & eylindrical or conieal internal surface.

3.8. Rigur-Hanp Tunean—A thread is a right-
hand thread if, when viewed axially, it winds in a
clockwise and receding direction. A thread is con-
sidered to be right-hand unless specifically indicated
otherwise.

3.9. Lerr-Haxp TurEar.—A thread is a left-hand
thread if, when viewed axially, it winds in a counter-
clockwise and receding direction. All lefi-hand
threads are designated LH.

3.10. ComrLETE ThHEEAD.—The complete or full
form thread iz that cross section of a threaded
length having full form at crest and root. (See i
3.14 Effective Thread, par. 6.26 Length of Complete
Thread.)

NOTE: Formerly in pipe thread terminology this was referred
mlm“ I';I.I:ua perfect thread' but that is no Jonger considered
desirable

3.11. IncoMPLETE TuHREAD.—AN  incomplete
thread is a threaded profile having either cresis or
roots, or both ecrests and roots, not fully formed,
resulting from their intersection with the eylindrical
or end surface of the work or the vanish cone. It
may oceur at either end of the thread.

NOTE: Formerly in pipe thread terminology this was referred

to as "l.hc imperfect thread™ but that is no longer considered
desirable.

3.12. LEap-TurREAD.—The lead-thread is that por-
tion of the incomplete thread that is fully formed
at root but not fully formed at crest which occurs
at the entering end of either external or internal
threads, (See note at par. 6.26.)

3.13. Vamisa Tunreap,—(Partial Thread, Wash-
out Thread, or Thread Run-out.) A vanish thread
is that portion of the incomplete thread which is
not fully formed at root or at crest and root. It is
produced by the chamfer at the starting end of the
thread forming tool. (See par. 5.28 Vanish Cone.)

NOTE: Threads produced employing a cam actuated single
bh;rul process {l'requﬁ}ntly ml'm‘r]ed to as the Cridan pr-:-r'nuali".l ar

o n:n:uﬂ employing similar type equipment, may have
fully rmed roots whnﬁ‘u run ouit on & vanish eone which is
formed by the tool withdrnwal patiern.

3.14. Errecrive Terean.—The effective {or use-
ful) thread includes the complete thread, and those

1.01
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portions of the incomplete thread which are fully
formed at the root but not at the crest (in taper
pipe threads this includes the so-called black crest
Lhreads}; thus excluding the vanish thread.

3.15. Toral Tarean.—The total thread includes
the complete and all of the incomplete thread : thus
including the vanish thread.

3.16. Crasses oF TereADs.—Classes of threads
are distinguished from each other by the amounts
of tolerance or tolerance and allowance specified.

3.17. TurEAD SERTES.—Thread series are groups
of dismeter/pitch combinations distinguished from
each other by the number of threads per inch applied
to specific diameters.

3.18. SrrucTumal THREAD. —A structural thread
is intended ta develop a significant amount of the
core strength of the externally threaded member
before breaking the core of that member or stripping
the external or internal threads of a threaded con-
nection. A structural thread is not intended for,
but may be used for attaching purposes. (UNC and
UNF thread series are examples of Struetural
Threads with tolerance caleulations based on a length
of engagement equal to one dismeter.)

(318, Arracaing-Purrose Tureap (also some-
times referred to as constructional or retaining
threads).—An attaching-purpose thread is not in-
tended to develop a !‘-:l?mﬁcant amount of ‘core
strength of the externally or internally threaded
member of a threaded comneetion. An attaching-
purpase thread is not normally intended for strue-
tural purposes. (12 UN and 16 UN uniform piteh
thread series are examples of Attaching-Purpose
Threads with tolerance ealeulations bized on a2
length of engagement equal to nine pitehes.)

4. TERMS RELATING TO SIZE
AND FIT

(These aro definitions spplying to mechanical parts, generally.)

4.1. Terms relating lcn the size and fit of parts,
which amtﬁmemlly applicable to mechanical parts,
ineluding are defined as follows:

4.2, DiEnsion.—A dimension is a geometrical
charaeteristic such ns diameter, length, angle, or
center distance.

4.3. Srze.—Size iz a designation of magnitude.
When a value is assigned to a dimension it is referred
to hereinaffer as the size of that dimension.

NOTE: It is recognized that the words “dimension™ and
“giza” are both used at times to convey the meaning of
magnitude.

4.4. Nomiwar. Size.—The nominal size is the
designation which is used for the purpose of general
identification.

4.6. Basic S1z6.—The basic size is that size from
which the limits of size are derived by the appli-
cation of allowances and tolerances.

4.6. REFERENCE SizE.~—A reference size 18 4 size
without tolerance used only for information purposes
and does not govern manufacturing or inspection
operations,

1.02

4.7. Design S1ze.—The design size is the basie
size with allowanece applied, from which the limits
of size are derived by the application of tolerances.
If there is no allowance the design size is the same
as the basie size. .

4.8, Acruar SizE—An actual size is a measured
sige,

4.9, Limrrs oF Sizg.—The limits of size are the
nppli;:able maximum and minimum sizes. (See par.
4.14.

4.10. Maxmmou-Materiat-Lismir—A maximim-
material-limit is that limit of size that wides
the maximum amount of material for the part.
Normally it iz the maxuuum limit of size of an
external dimension or the minimum limit of size of
an internal dimension.

4.11. Mmnmqosm-MATERIAL-LiMiT.—~A minimum-
material-limit is that limit of size that provides
the minimum amount of material for the part.
Normally it is the minimum limit of size of an
external dimension or the mu.umum limit of size
of an internal d:mmudun

NOTE: Exampleés of excoptions ibe; an exterior corner radius
whers l.he maxtmum radiug is the - minimum-material-limit
and the minimum radits Is the maximum-material-Hmit.

4.12. AvLowance.—An allowance is & preseribed
difference between the maximum-material-limits of
mating parts. It is the minimum clearance {;matwe
allowance) or maximum interference (negative al-
lowanece) between such parts. (See par. 4.17 Fit.)

4.13. ToLERANcE.—A tolerance 1z the tolal per-
missible varistion of a size. The tolerance is the
difference between the limits of size.

4.14. ToLEraNcE Limir.—A tolerance limit is the
variation, positive or negative, by which & size is
perlsntted to dcpnrt from the design size. (See par.
4.9

.15. UNILaTERAL ToLERANCE.—A unilateral tol-
cnmce iz a toleranee in which variation is permitted
only in one direction from the design size,

4.16. Brraterar ToLErawcE.~—A bilateral foler-
ance is a tolerance in which variation is permitted
in both direetions from the design size.

4.17. Frr.—Fit is the ﬁeﬂﬂm term used to signify
the range of tightness or looseness which may result
from the application of a specific combination of
allowanges and tolerances in the design of mating

4.18. ActvaL Fir.—The actual fit between two
mating parts is the relation existing between them
with respect fo the amount of clearance or inter-
ference that i= present when they are assembled,

NOTE: Fits are of three general types: clearance, transi-
tion, and interference

4.19. CrEarANCE Fir.—A clearance fit has limits
of size so preseribed that a clearance always results
when mating parts are assembled

4.2, InTERFERENCE Frr.—An interference fit has
limits of size so prescribed that an interference
always results when mating parts are assembled.

4,21, Tramsrrion Fir.—A transition fit has limits
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of size s0 preseribed that either a clesrance or an
interference may result. when mating parts are as-
sembled.

4,22, UnNiLATERAL TOLERANCE SYSTEM.~—A design
plan which uses only unilateral tolerances is known
as 4 unilateral tolerance system.

4.23. BruateRaL ToLerance System.—A design
plan which uses only bilateral tolerances is known as
a bilateral tolerance system.

4.24, Basic HoLg SBysTEM.—A basic hole system
is a system of fits in which the design size of the
hole is the basic size and the allowance, if any, is
applied to the shaft.

4.25. Basic Snarr SvsTEM.—A basic shaft system
is a systemn of fits in which the design size of the
shaft is the basic size and the allowance, if any, is
applied to the hole.

5. TERMS RELATING TO GEO-
METRICAL ELEMENTS OF
SCREW THREADS

5.1. Terms relating to geometrical elements of
both straight and taper threads are defined as
follows:

5.2. Tureap Axis—The thread axis is the axis
of its pitch cylinder or cone. (See par. 7.2.)

5.3, Maror OCyuwpeEr~—The major oylinder
bounds the crests of an external straight thread or
the roots of an internal straight thread.

5.4, S8panr Masor CyunpeR.—The sharp major
eylinder bounds the sharp crestz of an external
straight thread or the sharp roots of an internal
straight thread.

5.5 Maror Cone.—The major cone bounds the
crests of an external taper thread or the roots of an
internal taper thread. )

5.6. Spane Masor Cove—The sharp major cone
has an apex angle equal to that of the pitch cone,
the surface of which bounds the sharp crests of an
external taper thread or the sharp roots of an internal
taper thread.

5.7. Prren Cyriwper—The pitch cylinder is one
of such diameter and location of its axis that its
surface would pass through a straight thread in
such a manner a5 to make the widths of the thread
ridge and the thread groove equal and, therefore,
is [ocated equidistantly between the sharp major
and minor eylinders of & given thréad form. On a
thegretically perfect thread these widths are equal
fo ome-half of the basic piteh. (See par. 5.2 Axis
of Thread, par. 6.21 Pitch Diameter.)

5.8. Prren Cone—The pitch cone is one of such
apex angle and location of its vertex and axis that
its surface would pass through a taper thread in
such & manner as to make the widths of the thread
ridge and the thread groove equal and, therefore,
is located equidistantly between the sharp major
and minor cones of & given thread form. On a theo-
retically perfect taper thread these widths are equal
to one-half of the basic pitch. (See par. 5.2 Axis of
Thread and par. 6,21 Pitch Diameter.)

59. Mmor CyLwpeER—The minor eylinder

FIE-A5] O - Th =2

bounds the roots of an external straight thread or
the erests of an internal straight thread.

5.10. Bpare Minor CyuinpeER.—The sharp minor
eylinder bounds the sharp roots of an external straight
thread or the sharp crests of an internal straight
thread.

5.11. Miwor Coxe.—The minor cone bounds the
roots of an external taper thread or the crests of an
internal taper thread.

5.12. Snarr Mmor Cone.—The sharp minor cone
has an apex angle equal to that of the pitch cone,
the surface of which bounds the sharp roots of an
external taper thread or the sharp erests of an
internal taper thread.

5.13. Preen Line.—The pitch line is a generator
of the cylinder or cone specified in the definitions
of par. 5.7 Pitch Cylinder and par. 5.8 Pitch Cone.

5.14. Turean Form—The thread form is the
lhl‘eﬂdfpruﬁlﬁ in an axial plane for a ]&ngt.h of one
pitch of the complete thread.

5.15. Basie TurEan Forum.—The basic thread
form is the theovetical thread profile for a length
of one piteh in an axial plane, from which the design
thread forms for both the external and internal
threads are developed.

5.16. Desien Tureap Form.—The design thread
form is the maximum material form permitted for
the external or internal thread. In practice, however,
the form of root iz an indeterminate contour not
encroaching on the maximum material form of the
mating thread when assembled.

5.17. FunpameEntal Trianore.—The funda-
mental triangle is the triangle whose corners eoincide
with three consecutive intersections of the extended
flanks of the basic thread form.

5.18. Frang.—The flank (or side) of a thread is
cither surface connecting the erest with the root.
The flank surface intersection with an axial plane is
theoretically & straight line,

5.19. Leapivg Frank.—When a thread is about
to be assembled with & mating thread, the leading
flank of the thread faces the mati ng thread.

5.20. Forrowing Frawg.—The following flank of
a thread faces the leading flank.

5.21. Loap Frawg—The load flank takes the
externally applied axial load in an assembly. The
term is used particularly in relation to buttress and
other similar threads.

5.22, CLEara¥NcE Frang—The clearance flank
faces the load Aank.

5.23. Crest.—The crest is that surface of the
thread which joins the flanks of the thread and is
farthest from the cylinder or cone from which the
thread projects.

5.24. Roor.—The root is that surface of the
thread which joins the flanks of adjacent thread
forms and iz identical with or immediately adjacent
to the cylinder or cone from which the thread
projects.

525, Buare Onest (Crest APEX)—The sharp
crest is the apex formed by the intersection of the
flanks of a thread when extended, if necessary,
beyond the erest.
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5.26. Buarr Root (Roor Apgx).—The sharp root
is the apex formed by the intersection of the ajdacent
flanks of adjacent threads when extended, if neces-
sary, beyond the root.

5.27. Base.—The base of a thread section coin-
cides with the cylindrieal or conical surface from
which the thread projects.

528 Varmisn Cowe.—The surface of the vanish
cone bounds the roots of the vanish thread formed
by the lead or chamfer of the threading tool. (See
fig. 1.2 and par. 3.13 Vanish Thread.)

5.20. Prane or Vawmisn PoinT.—The plane of
vanish point of an external thread is the intersection
of generators of the vanish cone with generators of
the cylinder of the largest majur diameter of the
thread. (See fig. 1.5.)

5.30. Buunt Start oR Brunt Enp THREAD.—
“Rlunt start’ or “blunt end" designates the remowval
of the incomplete thread at the end of the thread.
This iz a feature of threaded parts that are repeatedly
assernbled by hand, such as hose couplings and
thread plug gages, to prevent eutting of hands and
crogsing of threads, and which was formerly known

as a Highee euf. (See fig. 1.1.)

COUPLING

NIPPLE

Fraure 1.1. Bluni starl

5.31. Gmvuer Point.—A gimlet point is a threaded
cone point at the entering end of an external thread,

5.32. CnaMrER.—A chamfer is a comnical surface
at the end of & thread or shaft. i

5.33. CounTERSINE.—A countersink is a bevel or
flare at the end of a hole.

5.34. Borrom oF CHAMFER.—{n & chamfered in-
ternal taper thread, the bottom of the chamfer iz
defined as the intersection of the ehamfer cone and
the pitch cone of the thread,

6. TERMS RELATING TO DIMEN-
SIONS OF SCREW THREADS

6.1. Terms relating to dimensions of both straight
and taper threads are defined as follows:

6.2. Prron.—The pitch of 2 thread having uniform
spacing is the distance, measured parallel to its
axis, between corresponding points on adjacent
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thread forms in the same axial plﬂ.ne and on the
same side of the axis. The basic piteh is equal to the
lead divided by the number of thread starts. (See
par. 6.4 Helix Variation, par. 7.4.)

6.3, LEap.—When a threaded part is rotated
about its axiz with respect to a fixed mating thread,
the lead iz the axial distance moved by the part
in relation to the amount of angular rotation. The
basic lead is commonly specified as the distance to
be moved in one complete rotation, It is necessary
to distinguish measurement of lead from measure-
ment of piteh, as uniformity of pitch measurements
does not assure uniformity of lead. Variations in
either lead or pitch cause the functional diameter of
Lhﬁilm to differ from the pitch diameter. (See par.
1.5

6.4. Herix Variarion.—Helix wvariation of a
thread is a wavy deviation from true helical ad-
vancement. The “helical path"” inecludes the helix
with its superimposed wvariation and is measured
either as the maximum deviation from the true
helix or as the “cumulative piteh.” The cumulative
pitch iz the distance measured parallel to the axis
of the thread between corresponding points on any
two thread forms whether or not they are in the
same axial plane. (Bee par. 7.5.)

6.5. TerEADS PER INcH.—The number of threads
per inch is the mniﬁumml of the pitch in inches.

6.6. Turns PER INcH.—The number of turns per
inch is the reciprocal of the lead in inches.

6.7. Incruper ANcLE—The included angle of a
thread (or angle of thread) iz the angle between
the flanks of the thread measured in an axial plane.

6.8, Frayk Awore—The flank angle is the angle
between the flank and the perpendicular to the axis
of the thread, measured in an axial plane. A flank
angle of a symmetrical thread is commonly termed
the half-angle of thread, (See par. 7.3.)

6.9. Leap ANoLE.—On a straight thread, the lead
angle is the angle made by the helix of the thread
at the pitch line with a plane perpendieular to the
mﬂ:a. On o taper thread, the lead angle at & given
axial position is the angle made by the conieal spiral
of the thread with the plane perpendicular to the
axis, at the pitch line, {gee fig. 1.2.)

6.10. Heuix Awegre.—On a straight thread, the
helix angle is the angle made by the helix of the
thread at the pitch line with the axis. On a taper
thread, the helix angle at & given axial position is
the angle made by the conical spiral of the thread
with the axis at the pitch line. The helix angle is
the complement of the lead angle. (See fig. 1.2.)

NOTE: The helix angle was formerly defined in accordance
with the present definition of lead angle. (See par, 6.9.)

6.11. Toreap Rmee Tmickwess.—The thread
ridge thickness is the distance between the flanks
of one thread ridge, normally measured parallel to
the axis at the specified pitch radius. The thread
ridge thickness may be specified and measured
parallel to the axis at any other specified radius,

NOTE: The pitch radius is equal to one-hall of the pitch
dimmeter.
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6.12. Tureap GroovE Wipte—The thread
groove width is the distance between the flanks of
adjacent thread ridges normally measured parallel
to the axis at the specified pitch radius. The thread
groove width may be specified and measured parallel
to the axis at any other specified radius.

6.13. FonpaMeNTAL TriaxcLE Hewewr—The
fundamental triangle height of a thread, that is,
the height of a sharp-¥ thread, is the distance,
measured radially, between the sharp major and
minor eylinders or cones.

6.14. Torear Hemeur.—The thread height (or
depth) is the distance measured radially between
the major and minor eviinders or cones,

NOTE: In American practice the threasd height is often
expresaed as a percentage of three-fourths of the fundamental
triangle height.

6.15. AppEnpusM.—The addendum of an external
thread is the radial distance between the major
and piteh eylinders or cones. The addendum of an
internal thread is the radial distance between the
minor and pitch eylinders or cones.

6.16. Denenpus.—The dedendum of an external
thread is the radial distance between the pitch and
minor eylinders or cones. The dedendum of an
internal thread is the radial distanee between the
major and pitch eylinders or cones.

6.17. CresT TRUNCATION.—The crest truncation
of & thread is the radial distance between the sharp
crest (crest apex) and the cylinder or cone that
would bound the crest. E

6.18. Roor TruncatioN.—The root truncation of
a thread is the radial distance between the sharp
root (root apex) and the eylinder or cone that would
bound the root.

6.19. Masor DiaMeTER.—On a straight thread
the major diameter iz that of the major cy!iqdar.
On a taper thread the major diameter at a given
position on the thread axs is that of the major
cone at that position. (See par. 5.3 Major Cylinder
and par. 5.5 Major Cone.)

6,20, Mivor Diamerer—On a streight thread
the minor diameter is that of the minor cylinder.
On a taper thread the minor diameter at a given
position on the thread axiz is that of the minor
cone at that position. (See par. 5.9 Minor Cylinder
and par. 5.11 Minor Cone.)

6.21. Prror Diamerer—On a straight thread
the pitch diameter iz the diameter of the pitch
eylinder. (See par. 5.7.) On a taper thread, the pitch
diameter at a given position on the thread axis is
the diameter of the pitch cone at that position.
(See par. 5.8.) On a single-start thread of perfect
form and lead, it is also the length between intercepts
of a line which is perpendicular to the thread axis
and intersects thread fanks on opposite sides of the
thread axis. (See par. 7.6.) :

NOTE: When the crest of & thread s truncated beyond the
piteh line, the pitch dimmeter, pitch eylinder, or pitch cone
would be ol om o theoretical extension of the thread Aunks.

NOTE: Pitch diameter on the buttress cosing thread is
defined by the American Petroleum Institute in APQ Standard
5B, as being midway between the major and minor diameters.

6.22. Tureap Groove DIAMETER (Sivrie Er-
FECTIVE Diamerer).—On a straight thread the
thread groove diameter is the diameter of the eoaxial
eylinder, the surface of which would pass through
the thread profiles at such pointz a8 to make the
width of the thread groove equal to one-half of the
basic pitch. It is the diasmeter yielded by measuring
over or under cylinders (wires) or spheres (balls)
inserted in the thread groove on opposite sides of
the axis and computing the thread groove diameter
as thus defined. )

On a taper thread the thread groove diameter
is the diameter at a given position on the thread
axis of the coaxial cone, the surface of which would
pass through the thread profiles at such points as
to make the width of the thread groove (measured
parallel to the axis) equal to one-half of the basic
pitch. It is the dismeter yielded by measuring over
or under eylinders (wires) or spheres (balls) inserted
in the thread groove on opposite sides of the axis
and computing the thread groove diameter as thus
defined. (Bee par. 7.6.)

6.23. Turear RipgE DiameTer—On a straight
thread the thread ridge diameter iz the diameter
of the coaxial eylinder, the surface of which would
pass through the thread profiles at such points as=
to make the thickness of the thread ridge equal to
one-half of the basic pitch.

On a taper thread the thread ri %e diameter is
the dismeter at & given position on the thread axis
of the coaxial cone, the surface of which would
pass through the thread profiles at such points as
to make the thickness of the thread ridge (measured
parallel to the axis) equal to one-half of the basic
pitch. (See par. 7.6.)

6.24. Fuscriowan (Virtuan) Diamerer.—The
functional diameter of an external or internal thread
is the piteh diameter of the enveloping thread of
perfect pitch, lead, and flank angles, having full
depth of engagement but clear at cresis and roots,
and of a specified length of engagement. It may be
derived by adding to the pitch diameter in the case
of an external thread, or subtracting from the pitch
diameter in the case of an internal thread, the
cumulative effects of deviations from specified pro-
file, including variations in lead and flank angle over
a specificd length of engagement. The effects of
taper, out-of-roundness, and surface defects may
be positive or negative on either external or internal
threads. (A perfeet GO thread plug or ring gage,
having & pitch diameter equal to that specified for
the maximum-material-limit and having clearance
at erest and root, is the enveloping thread eorre-
sponding to that limit.) (See par. 7.6.)

Nork: Alo called the Virtual Diameter, Effective Size, or
Virtunl Effective Diameter.

6.25. Ford Diamerer.—The form diameter is the
diameter at the point nearest the root from which
the flank is required to be straight.

5.26. Lenoth oF CompLETE Tarean,—The length
of complete thread is the axial length of a part
where the thread section has full form at both
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crest and root; that is, the vanish threads are not

included. However, on commercial fasteners where

there are unfilled erests at the start of rolled threads

or a chamfer at the start of a thread, not exceedin

two pitches in length, this is traditionally inelud

in the specified thread length. E;'Sne ar. 3.10 Com-
lete Thread, par. 3.12 Lead Thread and par. 3.14
ffeetive Thread.)

Note: When designing threaded products, it is necessary
to take cognizanee of: (1) Such permissible length of chamfer
and (2) the first threads which by virtue of guging practice
may excesd or be less than the produet limits and which may
be included within the lengih of complete thread. Howewer,
when the application is such as to require o minimum or
maximum number, er kength, of complete threads the specifi-
cation ghall so stats, Similar specifieation is required for o
definite length of engagement.

6.27. LenatH oF TaREAD ENGAGEMENT.—The
length of thread engagement of two mating threads
isﬁe axial distance over which two mating threads
are designed to contact. (See par. 6.26 Length of
Complete Thread.)

6.28, Derru oF Tureap Ewcaicement.—The
depth (or height) of thread engagement between
two coaxially assembled mating threads is the radial
distance by which their thread forms overlap each
other.

6.20, Major CLEARANCE~—The major clearance
is the radial distance between the root of the internal
thread and the crest of the external thread of the
conxially assembled design forms of mating threads.

6,30, Mmor CLEsARsNcE.—The minor clearance
ig the radial distance between the erest of the
internal thread and the root of the external thread
of the coaxially assembled design forms of mating
threads.

6.31. TensiLe STrREss ArREa.—The tensile stress
area of an externally threaded part is the circular
cross-sectional area, normal to the axis, of a theo-
retical circular cylinder which would fail under
tengion at the same load at which the threaded
part fails, if the materials of both have the zame
mechanical properties.

632, Tareap Buear Area—The thread shear
area of the external thread is the effective area in
shear at a specified dismeter of the mated internal
thread. The thread shear aren of the internal thread
is the effective area in shear at a specified diameter
of the mated external thread.

MNOTE: The specified dinmeters are usgally the maximum

minor diameter of the mated internal thread and the mini
mum major dismetar of the mated external thread.

6.33. Sranporr.—The standoff is the axial dis-
tance between specified reference points on external
and internal taper threaded members or gages, when
assembled with a specified torque or under other
specified conditions,

7. SCREW THREAD DEFINITIONS IN
RELATION TO GAGING AND
MEASUREMENT

7.1. The meanings of certain definitions, as given
previously, require some explanation in regard to
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their practical application and the values or results
abtained in gaging of measurement of threads. The
terms involved are: thread axis, flank angle, pitch,
lead, and pitch diameter.

7.2, Tuneap Axis.—The thread axis is the axis
of the pitch cylinder or cone. The piteh cylinder is
one of such diameter and location ‘of itz axis' that
its surface would pass through a stidight thread in
such a manner as to make the widths of the thread
ridge and the thread groowve egual. The piteh cone
15 one of such apex angle and loeations of its vertex
and axis that its surface would pass through a taper
thread in such a manner as to make the widths of
the thread ridge and the thread groove equal.

It is required that measurements of pitch, lead,
and flank angle of a thread gage be made in an axial
E:]au&, making it necessary that the direction or
oeation of the axis be aceurately known. To locate
this axis accurately is relatively difficult. Normally
the major eylinder or cone of an external thread,
or the minor eylinder or cone of an internal thread,
may be used as the reference surface, provided that
it iz round and eoncentric with the pitch eylinder or
cone. The amount of eccentricity of such a surface,
if any, may be determined at warious points along
and around the thread, by measuring the distance
from the erest to the top of a eylinder (wire) or
gphere (ball) laid in the thread. Also, the axis may
be established by conical centers jn the ends of a
thread plug gage, with respect to which the thread
was originally generated.

7.3, Frang Anore.—The Aank angle is the mg!e
between the flank and the perpendicular to the axis
of the thread, measured in an axial plane, A flank
angle of a symmetrical thread is commonly termed
the half-angle of thread.

A Aank angle is generally measured with respect
to a reference surface, such surface being an end
sutface of a thread plug or ring gage or the major
or minor cylinder or cone. Prior to using such a
aurface as 8 reference it is necessary to determine
its actual relationship to the thread axis. The flank
angle may be measured with respect to an axis
established by conical centers at the ends of a thread
plug gage, with respect to which the thread was
originally generated.

7.4. Prrcu.~The piteh of a thread is the distance,
measured parallel to its axis, between corresponding
points on adjacent thread forms in the same axial
plane and on the same side of the axis.

Measurements of piteh are commonly made from
thread groove to thread groove.in an axial plane
using a ball contact piece to touch both flanks
simultanecusly. Such messurements establish the
number of threads per unit of length (per inch)
when the pitch is uniform, or the variations from
the nominal pitch when the pitch is either uniform
or periodic throughout the measured length of thread.
(See par. 6.2.)

7.5. Leap awp Heux Varrarions.—~When a
threaded part is rotated about its axis with respect
to a fixed contact piece inserted in a thread groove,
the lead is the axial distance moved by the part in
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relation to the amount of angular rotation. Lead is
commonly specified as the distance moved in one
complete rotation. It is necessary to distinguish
measurement of lead from messurement of piteh,
as uniformity of pitch measurements does not assure
uniformity of lead. Varidtions in either lead or pitch
cause the functional ‘dismeter of a thread to differ
from the piteh diameter.

. Helix. variation is a wavy deviation from true
helical advancement.

Accordingly, it iz necessary to measure lead or
helix variation throughout one or more turns of a
thread, in addition to measurements of piteh, in
order to obtain full information regarding the di-
FI'II:I';IHIIGIHI]. deviations of the thread. (See pars, 6.3,
G

7.6. Prren Diamerer, Funcriowan (Viervan)
DiaMETER, THREAD RipGE INAMETER, AND THREAD
Groove, Diamerer—(As the definitions of these
terms are rather lengthy they are not repeated here,
but reference should be made to pars. 6.21 to 6.24,
inelusive. For threads of perfeet form and lead the
numerical value of the diameter defined by. any one
of these terms is equal to the pitch diameter.)

7.6.1. Because of the nearly perfect flank angles
and lead of a thread plug gage, the measurement
yielded by employing the three-wire system is con-
sidered to be the piteh diameter.

7.6.2. On threads of imperfect form or lead it is
generally impractieable to determine accurately the
pitch diameter as defined; the result obtained in
measuring or gaging the thread is an approximation
of either the pitch dismeter or the functional (vir-
tual) diameter. This approximation may be regarded
as a pitch diameter, functional diameter, - thread
groove dinmeter, or thread ridge diameter, as related
to respective types of equipment and conditions of
verifying or measuring a thread. When & thread size
is verified by means of a GO thread plug or ring
gage, which is within specified gage limits or toler-
ances and engages the thread throughout a specified
length of engagement, a determination iz made by
the method of attributes that the functional (virtual)
diameter does not exeeed the maximum-material-
lirmit. The size limit thus verified may be designated
the “GO Funectionsl Diameter.” The GO thread
plug or thread ring gage is the accepted criterion for
verification of threaded product for GO functional
diameter. However, various indicating type thiead
gages or thread snap gages having gaging elements
which engage the thread over a length and flank
engagement approximately equivalent to that of
the GO thread plug or thread ring gage should
give comparable results, and when properly corre-
lated with the GO thread plug or thread ring gage
may serve satisfactorily to give assurance that the
functional diameter does not excesd the specified
maximum-material-limit.

7.6.3. When a thread size is verified by means
of a HI thread plug gage or LO thread ring gage,
which is within specified gage limits or tolerances
and enters or is entered with a drag over the length
of thread specified, a determination is made that

the funectional diameter lies within the minimum-
material-limit. The size limit thus verified may be
designated the “HI Funetional Diameter” or the
“1L0 Funetional Diameter.” The HI thread plug or
the LO thread ring gage is the accepted criterion
for verification of the HI and LO functional di-
ametors of classes 1A, 2A, 1B, 2B, and 3B threads.
However, various types of thread snap gages or
indicating type thread gages with thread gaging
alements which engage the thread over a length
and flank engagement approximately equivalent to
that of a HI thread plug gage or a LO thread ring
gage should give comparable results, and when
properly correlated with the HI thread plug or LO
thread ring. gage may serve satisfactorily to give
assurance that the functional diameter iz within
the minimum-material-limit.

7.6.4. Gaging practice approximating piteh di-
ameter measurement has been termed “LO Mini-
mum-Material-Limit Gaging” and is the accepted
eriterion for verifying the minimum-material-limit of
class 3A external threads. Such werification iz ac-
complished by means of a limit type thread snap
or indicating type thread gage with gaging elements
having & thread form equivalent to that of the LO
thread ring gage. Many thread snap and indicatin
type.thread gages having gaging elements whic
contact the thread over a length of approximately
two pitches are currently in use for determining
the minimum-material-limit of various olasses of
aerew threads. However, optimum results for verifi-
cation of conformance to specifications utilizing
differential analysis require a determination of piteh
diameter, and this is achieved by means of gaging
elements which contact the thread over a maximum
length of one pitch. The size limit thus verified
may be designated the “Min Single Element PD."

7.6.5. Indicating type thread gages may serve
as suitable alternates for gaging the minimum single
clement PD. A gage having two gaging elements is
preferred for detecting an elliptical condition, while
& gage having three gaging elements is preferred for
detecting the multi-lobed condition.

7.6.6. Gaging practices employing indieating
type thread gages with thread forms of gaging ele-
ments suitable for approximating pitch diameter
messurement, should give comparable results and
serve satisfactorily to give assurance that the pitch
diameter lies within the minimum-material-limit.
Thread forms of gaging elements such as the cone
and vee with radius contacts for pitch diameter or
radiug rolls (simulating the best wire) for thread
groove diameter are employed in these instanees,
and, dependent on design and length of engagement,
approximate pitch diameter measurement. The
choice as to a cone and vee arrangement compared
to radius rolls i & matter of individual preference,
in consideration of ineluding or exeluding either
flank angle or pitch deviations in the measurement.
In general, it may be stated that a minimum length
of engagement coupled with minimum flank contact
results in the elosest approximation of piteh diameter.
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Conversely it may be stated that by increaging the
length of engagement and the flank contact, the
gaging tends toward the LO functional diameter.
In practice, the length of engagement varies from
less than one to approximately three pitches for
various designs of gaging elements,

7.6.7. In order to determine that the deviations
in lead or flank angle do not exceed the equivalent
of one-half of the pitch diameter folerance, indi-
cating type thread gages may be employed to indi-
cate the differential between the GO functional di-
ameter and the piteh diameter. When the differential
exceeds the equivalent of one-half of the piteh di-
ameter tolerance, it is necessary to make a further
analysis to determing whether or not any individual
thread element exceeds the equivalent of the allow-
able specified percentage of the pitch diameter toler-
ance. Deviations from specified size and profile in-
clude variations in lead, uniformity of helix, flank
angle, and taper; alse out-of-roundness, and surface
defects. Indicating type thread gages for determining
diameter equivalents of lead deviations have gaging
elements of the specified form and length of the GO
thread gage, by which a differentinl reading ean be
obtained between the measured functional diameter
and the first-full-thread pitch diameter measured by
a single ridge of the GO gaging element, excluding
taper, if any. Indicating type thread gages for de-
termining diameter equivalents of flank angle devi-
ations are those by which a differential reading can
be obtained between the first-full-thread piteh di-
ameter determined by a zingle ridge of the GO
gaging element and that determined by the indi-
cating type thread gage for pitch diameter having
radius-type gaging elements.

7.6.8. When a thread size of a taper thread is
verified by means of a taper thread plug or ring
gage, or equivalent, having a basic gaging notch or
surface, or limit notches, and which is within specified
gage limits or tolerances, a determination is made
that the functional diameter throughout the specified
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length of hand engugemnent lies within specified size
limits. The thread size thus verified may be desig-
nated the “Taper Thread Functional Diameter.”

8. LETTER SYMBOLS AND
DESIGNATIONS

8.1. Symbols associated with screw threads are of
two kinds: (1) Letter symbols for designating di-
mensions of screw threads and threaded produets;
and (2) abbreviations used as designations for various
standard thread forms and thread series.

8.2, DIMENSIONAL SyMBOLS, ;

8.2.1. Standard letter symbols to designate the
dimensions of serew threads in text and formulas are
given in tables 1.4 and 1.8, General symbols are
given in table 1.4 and pipe-thread symbaols in table
1.6. The application of general symbols is illustrated
in figures 1.2 and 1.3, and pipe-thread symbols in
figure 1.5.

8.2.2, IS0 symbols to designate serew thread
dimensions are given in table 1.¥. These symbols
are commonly applied in Recommendations for Serew
Threads of the International Standardization Organi-
zation (I80).

8.3, TureEap DESIGNATIONS.

8.3.1. Thread series designations are capital
letter abbreviations of names used on drawings, in
tables, and otherwise to designate various forms of
thread and thread series, and commonly consist of
combinations of such abbreviations. Assembled in
tables 1.8 and 1.8a are the names and abbreviations
which are now in use, together with references to
standards in which they oecur, for various standard
threads.

8.3.2. Thread element designations are capital
letter abbreviations based on names of wvarious
thread dimensions in thread designations. Such ab-
breviations are for use on drawings and are shown
in table 1.9.
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1.09

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1024
Page 18 of 44



INTERNAL THREAD

— BASE ——

X
O
48
g
K D K E ]
1 a n o " A OF o i
2 f - ] INTERNAL THREAD I ]

A JOR
1k

b
_ AXIS OF il
EXTERMAL THREAD |

EXTERNAL THREAD

Fioure 1.5. General screw thremd symbols (see iable 1.4).
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Tasre 1.4. Ceneral Symbols (sce figs. | # and [.5)

Symbol Dimension ilﬂg.rrnb-nl Iimension
- ! S —
I Major diameter.s-# | o Allowanee at major, pitch, and minor
E Fitch dinmeter,® dinmeters of external thread.
K Minor diameter.® Lrps Length of complets external thread,
Piteh (Equals 1/n), Ly Length of complete internal thread
E Lead (Equals 1/N). ineluding chamfer.
n Number of threads {pitches) per unit of L, Length of thread engagement.
length (per inch) {tpi) (Equals 1,/p). ) Dinmeter of measuring wires.
N Nurmber of turns per unit of My Messurement over wires,
| length (per inch) {Equals 1/L). T Measurement under wires.
i Fundamental trinngle height. c Correction to measurement.
h | Thread height (or depth).b over wires bo give pitch diameter,
ha Addenduam. | | E=M,-0C-¢
by Dedendwm, | | © = w (1 + cosee &) — [(cot =),/2n.
i Symmetrical thread height.© I Correction to measurement.
Iy Thepth of thread engagement. under wires to ?’w piteh dinmeter,
A BEwT+R-e :
a Half-anghe of symmetrical thread. : P'= (pcot &)/2 — (cosec & '—-Lhe.
@y Angle between leading flank of thread < n Wire angle. > 5
and normal to thread axis, c Wire angle correction.*
@ Angle between following ﬂan of thred g [ ] Dewiation in any dilsension.
. .ahd bormal to thread axis, - i L
b A Lead angle (tan & = L/xE). | Exnmples: Deviation in
) Helix angle (oot ¢ = L/xE). g | iteh, §p; devidtion in flank
‘ Radius.of rounding at: 7 ﬁall'rﬁnxlc. Fayor faz,
- = Crest of external thread. 1 . Ay Pitch-dinteter equivalent of
fa Root of external-thread | deviations in flank half-angle.
Ten Crest of internal thread I AE. Piteh-diameter equivalent of
ria Root of internal thread. | dewintion in pitch,
Radial distance from apex
of fundamental triangle to: y
F. Rounded ereat of external thread.?
Sk : -Flat at crest of external throad.®
i Width"of :
) Flat (general). : i
Fey  Flat at crest of external thread. |

‘= Exception: B is used for basic major dinm.eterv';.'-heu_ t]':LﬂEi.ﬁ:en; from. the nominal ma;nr dmmetz;r
b Suhacripts # (for serew) or o (for nut) designating external and internel thread, respectively, may be used if netessary.
- # For 80" Unified thread this eqials 0.75H- = 100 pereent thread height. :
4 mﬁdﬂhn to the symbol with pubseript ez, symbols with subseripts rs, on, and ro are al=o applicable as in the r., ete.,
£y abidve, 5 ! Y- 4 )
# Bea: National Physical-Laboratory “"Geuging and Measiring Screw Threads,” 1051, p. 23; Appendix A4 of H28.

GREEK ALPHABET

A a Alpha  |A 5 Delta H 7 Efa |K x Kappa [N » Nu IIrx Pi T r Tau X x Chi

B 8 Beta E e Epsilon |8 @ Theta |A A Lambda [E £ Xi Pp Bho |Tv Upsilon [F ¢ Pal

'y Gamma |& & Feta I ¢t Iota |M uMu O o Omicron |E ¢ Sigma |¥ ¢ Phi 1 w Omega
1:11
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TasLE 1.6, Pipe-thread symbole (see fig. 1.5)

Symbol Dinvension Symbol Dimension
o R T Outside dismeter of pipe. | P Length from center line of coupling, face of
e .| Inside diameter of pipe. flange, or bottom of internal thread chamber
Wall thickness of pipe. 1 to face of fittin
j R ] Majordiaeseter. | 00000000000 I beenna... Width of bearing [ace on coupling.
T Pitch diameter. Bee footnobes a and b r{tan) .. | Angle of chamfer at bottom of recess or counter-
¥ T Minor diameter, | _ bore nseasured from the axis.
P .| Length of thread from plane of piEe end to plane || « (epsilon) .| Half apex angle of vanish cone.
|  containing basic diameter Dy, £,, or K. ceesneeess| Length from center line of coupling, face of
V.. .| Length of vanish cone (washout) threads. nge, or bottom of internal th chamber
8 (beta)___..| Hali apex angle of pitch cone of taper thread. Lo nnd.rt.rf pipe, wrenched engagement.
¥ (gamma) .. Ar af chamfer at end of pipe measured from s || Loo o oo ..o | (1) Length straight full thread (see table
ane normal to the axis, 1.4).
Ad.. Handtight standoll of face of coupling from a J (2) Length from plane of handtight engage-
plane containing vanish point on pipe. ment to small end of full internal taper
Mcinica Length from plane of handiight e ment to | thread.
face of coupling on intamﬁE threaded || Q... ... Diameter of recess or counterbore in Alting.
mamber. i TI’.__. cenenes| Depth of recess or counterbore in ﬁ'l.!.'l.r%g. 1
| TR S Distance of gaging step of plug gage from face of e .| Outside dismeter of coupling or hub of fitking.
ring gage for handtight. engagement. Standofl.
a Bubscript £ denotes plane containing the diameter. For axial posilions of planes see below.
& Bubacripts & (for screw) or » (for nut) designating external and internal threads, respectively, may also be used if necssary
DEFINITIONS OF FLANES DENOTED BY SUBSCRIPT =z
z =0 | Plane of pipe end.
z =1 | Plana of gumlil;ighl. [ ment or plane at mouth of coupling (excluding recess, if present),
On Bri.ti.uhdpim thir this is designated the “gauge plane” and the major dismeter in this plane is designated the
“gauge diarmeter.”
z = 2 | Plane st which vanish threads on pipe commence,
z = 3 | Plane in coupling reached by end of pipe in wrenched condition. {Ls i measured from plane eontaining pipe end in
position of handtight engagement.)
r = 4 | Plane containing vanish point of thread on pipe.
r = 5 | Plane at which major dinmeter cone of 1hre&dp?nleme:c1zi outside diameter of pipe.

Additional special subscripts are as follows:

l

z =G | Plane of the pciga end for railing joints.

z =7 | Flane of the APl gage point at & Tciﬁed length [rom the plane of vanish point.

z = £ | Plane of the :I:.a s;l&d of the "Ly thread ring gage™ for the National Gas Taper (compressed-gas cylinder valve inlet
oo nnegtiom .

z =8 | Plane of the small end of the Ly thread plug gage™ for the National Gas Taper (compressed-gas eylinder inlet) thread.

TasLk 1.7 TS0 symbols

Dimension

—

---| Basic major diameter of bolt thread.
. Bﬁmmﬁ (effective) diameter of balt

- .| Basie mi:lunr diameter of bolt thread.
.| Basie mdjor dinmeter of nut thread.

G Basic minor dinmeter of nut thread.

thread.

Basic pitch {effective)

dinmeter of

nut

s s i Piteh.
T e i Number of threads per inch.
ﬁ_ ............ %:di;il‘a ::Ed'.rjlonl. EE bolt thread.
B pln sy pth of thres igement.
TR RN Numbser of thren.i?am engagemant.
. J— % I}Ei‘pmt.inn for thread engagement group
Short.
W i e Designation for thread engagement group
Normal.
Lonvuceeeoo.] Designation for thread engagement group
ARE.
T A L Tolerance.
T4 Taw, Ty Tolerance for major diameter of bolt thread,
‘%lrm, s for pitch (effective) diameter of bolt
thread, ste.
o B ... ... Lower deviation.

:*13: ES.. Eﬂp’cr deviation.

OWERIDE.

1.13
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TanLe 1.8, Thread series ﬂ’ﬁmtmmu"’

— e —— o — e e — e —_— =
.l I Releremts
Diesignation Thread series BB T
| United Etates of
| ] | Amerien (USAS H28
| | Standard i
ACME-C, . l Acmo thireads, ml-rll.ll]n‘.. Bl i PastII1
ACME-G._. .ﬂ.tme threads, e Purpoge B1.5 : + BPart 111
g 1 'é‘lu.lh!mm "] 4 A3
e e fu:mtc gt Objeciive thresd. ... i : : BLIL - Pan 0
A R RN R ] mmhell’\mhﬂfmuupumpalbrudu _____________________________ MIL-F-7i08
| 1 0 R ol WAL JE-lﬂlI'l'lﬂ-elup-erplp-ethrudl.................................. AoS T B2a Past IT
M e R PR T T TR T SO S T O (R S S T Past [11
M BUTT. ..o oo me Batiress th e .
: i - i Lu.md.a Bl.o FPart 111
(ras Cylinder Valee Gutlet amd Tulet Threads: Bs7.1 Part 11
ks outlst threads
(lny skraight threads
(5 taper thresds. .
s Ens taper throads
i‘\-iI.NF'{:nr[ cmmenemnns| Hoseeoupling threuds. . R24 Part 11
R i i e pmniinl rv-hmmlm thrends. . Part I
| ety Rt T thresd . MIL-P-7105
eronnatioal N orm Laper pipe | RN R — =
Gtralght ppe theeads i pige couplings 1
Straight pipe threads for Tocss-fitting meshanizal jointa with Toeknuts
E_I-rmd:llwpe threads for free-fitling mechenical joints for fixteres ... | B2 Part I1
lDI!' pipe thresds for geocral ose
Taper pipe throads for n.l'.lln.l Jodinia \
I FPipe Threxds:
P BTE.. cvesncamakim (fme) taper pips threads
|71y RO Diryseal foel internal straight pipe threads
sl . _....... o Deyasal ihlumtd-'lﬂe 1n.l-|u-|=|il straight pipe threads 1 -
HETE. .. cnrspnaais ﬂmﬂls‘fﬂ-ﬂn ..................... B2 Part.IT
PTF-SPL GHORT |  Diyteal special ﬁtr.‘“"‘m”'%‘ o threata
Samd ul r thres
PTF—EI"L EXTRA ; " num hresd Ll
MWJi ke ghil Wlﬂl 3 L
Dryaeal apacial taper pipe m:-m. : |
Bee Lakle 1,82 ) a
Bpecial gus taper threads, . v —— et e i Bi7.L Purd 11
Bee under “Dryssal plpe thrads” 1 r
STUB ACME. ... .....| Sush Acres throsds., . 0 . ELS - Pt 10T
Huzrv m;matrumaml-nwuﬂ [T PO Sk L T e R e B T i Part 1L
How ia 1.8a {008 in. (1.5 mm) snd Ixrger) 3
Bes table 1.8a (0,08 in. (1.5 mm) and larger) '
Unified Miniature thresd serles o oo e vee e cnncc s rm e m e BL1o + . Beotion &
(0,055 in. (1.4 mm) and snalles),

"' i'[ubhﬂ-d of deslgns minltiple thresds are .lhn'lru. En UZBA B1.5, Aems serow thready and Pagt 111 of H.ul.ntbq-ni.
Il theeads, sxeept N % are sight hanid unls oiberwis designnbol. _l;m- NGO d\rmd; desigenstions “BH™ o "L “ e wieiced.

Tﬂ.u‘t-u"laa. ﬂm»g:mhmu_l’w UN, UNJ. N, Nﬂlﬁrmdm

| Rederancs
| i Spacial
Basio Constant ’ Extra dinmeters, 7
thread External thresd root pitch Conrse Fine fine ?akhm. or United Stabes
T engihs of HIB
SEELELmENL (U8A)
L SR With optional radins root on externsl oM L UNF UNEF BlL.1 Beetion 2
thread, UNB BL1 Section 3
UNJ.......| With 0.150011p to 0.1 p mandatocy il ] UNIC UNIF UNJEF UKIE Beotion 4
radits root on exlernel thresd,
|, I I— f——— A e e S E N NC NF NEF K8 Agpendiz AL
MR- e e s s col] TR '| MIL-B-7838
¥

* This series sepecveded by UN series.

1.14
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TasLE 1D Dammnqmi Wmijﬂr sk o a!r.:n.nmgu

U:mm I.hm:nu.:-:m | Drimensios
-] Crest radies. ‘ RE.. .I Rook radiss
| Differential reading. Tamae | ‘Toleranos.
--| Fumetional dinmeter. TGD | Thresd groove dinmster.
.| ABowanee. TGW | Thread greove whdih,
L, . .l TPI. cum Thads peee imeh.
]ﬂ,ﬂ:hlﬁl}llﬂﬂ sngAgEment, TR[_F......... wwl T hrmil r!d‘u dlg.mulﬂ-.
= teh. I TAT e nemencnnas | Thresd ridge thickoess,
=| Piteh diamater, | I
INDEX
Paragsaph Paragraph
A = F -
Aotoad Bl ccinnrornmssnssnsnsnannnens snnai s ylilB i | S—— aun S —— 4.17
ARRIAl MERC v i i i i 4.8 BIMIE - o o i o e i i 5.18
Addendum, . e i et e e AL PRk Rl - oot c i mims e s S BT
Allownitd. - oo cecnnnas SR VUL LN F | Following fank. .. oo 5.20
Attaching-purpose thread. ... .. ... ....... 308 Form disameter... ... e L L SR 6.25
Axis, thrend ... ...... S PN o NP L Y. 1Y, Form, thread . ... oo -__ A e i g 5.14
: Full form thread {aa'.. C{rmplctc ! Ak
B i " k! Thread).- - . .- - S R | 2
y wi g | Funetiond] diameter. ... ......._ ... VAL T
Base.c..p--. R & 27, Funetional dismeter, taper thread s 8T
Basic hole system._ _ 4-2!- ; Fundamental tmng‘]a ....................... 517
Basie shaft system_ 4.25 Fundamefital triangle height_ .. _.______.. .. 613
Basie Bi50, . e mmmme - l = 4.0 4 :
Ea.a:l-nlhrﬂdi&rm-.--_.-....-.--.-_-..-.__..- 5.15 G
Bilntersl toleranes - - o o voo oo cn e 4,16
Bilateral tolerance n:.rsl.em e B - SRS - General. i oooooo.. e i i R |
Blunt end thread . W A L P i Ry - [ e Geometrical elements. .. ______.___._ B&
T e Sl T LR Rt Tl T Gimlet point. . .____ A RO -
tlorn of :;harnh;-.r ................... Y . " G0 ium;u.crm.l dmmeu-_r e remmmcren . 110
' : Groowe dinmeter (see Thread Grooye ‘
C * i1 A E MR L R
Chamfer. ...... sy m——————— : H :
Classes of threads._____. R o - 1 | 1
Clearimes: fit.. . P PR LR B || Half-anight of thread_ . AT T
Clearanoe i R S Height, fundamental l.mmgl‘rl: B T

Complete thread .. ...... i A SR 3.10 Height,

Construetional thread {sﬂe Halieal path__ 6.4
Attach:nEpurpoaethmn.d} e P 4 | By Helix angle. &.10
Countersin i AL o B e e - B RE Hu\_hx'l.larsq.tmn__ 6.4, 7.5
oy G S o B2 HI functional diameter. ... c.ceeeeiiiinnnass ey
G LT e R O O T Higheo cat (Bee Blunt Start)..........co.... §B0°
Crl}-at-l.runca.hm o o e T m s el PR SRR ; iy ;

Camulative piteh. o, ._'.._.._.____.___.._..... 6.4 I

D & : " Imperfect thread (Ses Incomplete Thmad}-

Inchaded dngle. - - v oo oo c e
I - = A e i s 16 Inwmp]et.e thread. _ . _
Definitions of terms. .c.ccrameasanan- i _ Interferomes fit. .. ... ;
Diepth of hread engagement_ ... __._ ... 688 Internal thread. .
P e A . T ) £ Iron pipe thresd tmu "{PT' table 1, 3}!

i3
2
(i1
4: F-
Design thread form. L e L g.IE IS0 aymboM. . o vnee oo oo e
4
4
B

Deghgnabions._ . . ---ccmcssmaccmsmmeaooaa
Differential reading - . - -z v oenaneenane = M
Dimension . . e i e N e e i e e o
Dimensions of threads. . ... e i

P ﬁu:ﬂ. T.5
Effective size (Bee Funetional Tanding Bank: oo oo T e e 5.10

BT .24 Left-hand thremd . - e aaaaaa 3.0
Effective thread ______________77777777TTTTT 3044 Length of complete thread. ...oooonnmeeoaennn 6.26
Excternal thread . . . oo e cmecmecmaas 3.6 Length of thresd engagement_ . ______._.. B.27
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INDEX—Continued

Latter symbols.
Limits of size_
L0 funetional dismeter.
Load flan|

Major clearance. .
Major eone. .- cooeenn .. o, L i e
Maq-:nrc (LT
Major diaroster. .. oo oo e aeaaaae
Mulmumvnmlenn]-hmll.__._____.__.___..
Minimum-materiabimit. . occieeiccnaaoiaa

Min single element PD_ - "1 17T
Minor clearames. - .. o aeeccccccoooo
AAINOT OO - v mimm e e iy i i i i
Minor narlmder .............................
Minor dinmeter. - e &
Multiple-start thread. e e
N
P T R S P
P
Parallel thread (sec Borew thread) . __.
Partial thread . .. o oo
Pipe Thread S_',.'nll:h'.‘r]B .......................
5 Y S L S e N Sk S
TPREORY, COORM . o e i e e i
Pitch cylinder. wuee e coccenensmccccmeccaiaen.
Plteh dinmedar_ _ _ - e ccemaa.
i g L T R R e R e P
Piteh radivs_ . __ Bl
Plane of vanish point. . G T
R
Heference size. ... i
Retaining thread (sce Attaching
Purpont Thrsdd).....ccveeecceeeccccanacaaa
Ridge dismeter (see Thread ﬂ.u!ge Dlam.eber}_._
Right-hand thread......... g
L R A o e S ST AT,
Root truneathoB - -« - oo vemeemmean e e

LT O ———
TR, e SR e L e L
Sharp major eone. s
Bharp mijor cyllhdt:r
Bharp minor cone. .
Bharp minor cylinder.
Bharproot. . .. il
Sharp-V thread hetght [Sen

Fundamental Trangle Height). . . o..o.o_.__
Bimple effective dinmeter (See Thread

Groove Dismeter) .. o cccoicecaccanmaccnas

1.16

Mmmiﬂmq#ﬁﬂm:ﬂl:ﬁ
9Bk n B eren
RS T E R

e
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o3
ay =
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&n % En O O O 0 00 58 &8
9
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b b amis e

B i

Single-start thread_ .. ...

Single thread_______ T PR SRy
B CHEn
Bl L R e <

Straight thread (ee Scrow Thread} e
Structural thread . =
Bymbols. e

Taper thread (See Screw' lhrmd}l e

Tensile stress area_ o

Thlt.kn.m, thread nd,gc i
hread

Thread axis__ e L o

Thread -dupth_ .............................
Thread, external_ _ . - e ..
Thread form. ... i e

Threndgme R T
Emcm!m-:lth-.--....._.._...,..__...

"lhmnd. eight. - - ... e e e

Thread, internal_________._.._

Thread ridge dismeter .- -----nooeeeeee.

Thread ridge thickness_ ___________ . __.___..
3T -

Thread sizge (see Size). .
Threads per inch..

Tolerance. .. .__
Toleranee, bilaternl
Teolerance limit_ .. _.
bilatersl. ...

Tolerance system,
Tolerance system, unilateral ...
Tolarnnce, unilateral. - . .- ......-...
Tatal thread.
T S S
Truncation, erest or roob. .« oo ooooee
Turns per ineh. ceececccccaaccccccnsanssanas

b S

Unilateral tolerance_ ___. .
Unilateral tolerance a;ntmn

Vanish ¢008. - veeceececm e
‘l-amahpnmt----------._...._.._....
Vanish thread. . e
Variation, hehx _____________________________
Variation, lead. .. ...
Virtual dismeter I:a-a-BFlmntm:m'l 'Dlamct-nr] o
Virtual effective dismeter (see Functional
Diameter) . - - o oo ceecccmmmameea

W
Washout thread. - - ... ceeccccccenmnaaa-
Width, thread groove..... B e AR
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1. INTRODUCTION

The Unified thread standards shown in this sec-
tion are in agreement with International Stand-
ardization Organization (I20) Recommendations:
R68 Serew Threads (That part dealing with the
130 Basic Thread Profile), and

1263 I80 Inch Screw Threads, General Plan and
Belection for Screws, Bolts, and Nutz (diameter
range 0L.06 to G inch),

This section & in general agreement with United
States of America Standard USA Bl.1, Unified
Screw Threads, published by The Ameriean Society
of Mechanical Engineers, 345 East 47th Street, New
York, N.Y. 10017; also with CSA Bl.1, Standard
for Unified and American Screw Threads, published
by the Canadian Standards Association, Ottawa,
Canada; and with British Standard 1580, Unified
Serew Threads, published by the British Standards
Institution, 2 Park Streef, London, W.1. The latest
revision should be eonsulted when referring to such
standards. As of date of issue of this section of H28,
USA B1.1-1980 is the latest revision of B1.1.

The Unified screw thread standards shown in
thiz section eonstitute the basic thread standards
used in the United States for the screw threads used
on threaded fasteners. Unified serew threads are a
complete and integrated system of threads for
fastening purposss in mechanisms and strustures.
Their outstanding characteristic is general inter-
changeability of threads achieved through the
standardization of thread form, diameter-pitch
combinations, and limits of size.

The standards have as their original basis the work
done about a century ago by William Sellers in the
United States and Sir Joseph Whitworth in Great
Britain. Throughout the intervening wyears there
have been many further developments and revisions,
culminating in the system of Unified Threads ap-
proved and adopted for use by all inch-using coun-
tries.

Unification of screw thread standards received
its impetuz from the need for interchangeahility
among the billions of fasteners used in the complex
equipment of modern warfare which equipment
was, and continues to be, made in different coun-
triee. Equally important, howewver, are international
trade in mechanisme of all kinds and the servieing
of transportation equipment which moves from
country to country. These have made unification
not only highly advantageous but practically es-
sential.

Unified screw threads had their origin in an Accord
gigned at Washington, D.C., on November 18,
1948, by representatives of Btandardizing Bodies of
Canada, the United Kingdom, and the United States,
The Unified standard threads generally supersede
the American standard threads, Threads are elassed
as Unified if they have the basic Unified thread
form and have limitz of size and tolerances based
on the Unified formulations. Such threads are identi-
fied by the letter combination “UN" in the thread

symbaol.

AL O - Th =D

In relation to previous American practice, Unified
threads have substantially the same thread form
and are mechanieally interchangeable with Ameriean
Mational threads of the same diameter and pitch.

The principal differences between the two systems
relate to the app]'u:ul:.ion of allowances, the variation
of toleranees with size, difference in amount of
Eﬁt.rﬂl diameter tolerance on external and internal
threrds, and differences in thread designations.
Under the Unified system, an allowanece is provided
on both the classes 1A and 2A external threads,
whereas under the American National system only
the class 1 external thread has an allowance. Under
the Unified system, the pitch diameter tolerance of
an internal thread iz 30 percent preater than that
of the external thread, but such folerances are
equal under the American National system. Since
the tolerances differ, the letter “A" iz used in the
thread symbol to denote an external thread and the
letter “B" iz used to denote an internal thread,
Unified tolerances and allowances for .h“th stand-
ard and special diameter-piteh combinations are
derived from the same formula, but American
National tolerances for special threads have a differ-
ent basis from that for some standard threads,

2, UNIFIED THREAD FORM

2.1, Basic THrean Fonm.—The Unified thread
form iz the basis of all thread dimensions given in
thiz section. The formulas for its proporfions are
given in table 2.1, together with figure 2.2, showing
the basie profile from which the design forms are
derived. Both the IS0 basie profile and the Ameri-
can (17.8.) concept of the basic Unified thread form
are shown. These are essentially alike except that
in the second illustration the position of the basic
minor diameter provides for the long established
practice in the U. 5. of considering 100 percent
thread height as being equal to 0.75H measured
from the basic major diameter.

2.1(a) Angle of thread.—The basic angle of thread
between the flanks of the thread, measured in an
axial plane, is 60°, The line bisecting this 60° angle
is perpendicular to the axis of the screw thread.

2.1(b) Form of erest.—The form of the crest of
external threads is flat. The erest of the basic thread
form of the external thread shall be truncated from
the sharp crest an amount equal to 0,125 H, where
H ig the depth of the fundamental triangle. The
form of the crest of internal threads is flat and the
crest shall be truncated from the sharp erest an
amount equal to 0.25 A,

2.1(c) Rounded root forms—The erest clearances
allowed are such as to permit rounded root forms
in bath the external and internal threads. Rounded
roots are required in some applications and are
made by tools that are purpesely rounded. Other-
wige, rounded roots may gﬁ the result of tool wear.

2.1(d) Clearance af minor diomefer.—A clearance
is provided at the minor diameter of the internal
thread by truncating from the sharp crest an amount
equal to 0.25 H.

2.1
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2.1(e) Clearance ai major diameler—A clearance
is provided at the major diameter of the internal
thread by making the thread form at the root such
that its width iz less than 0.125 p.

2.2, Desion Fora OF ExTERNAL THrEAD.—The
design form for an external Unified thread, i.e., the
form of an external thread in its maximum material
condition, shown in figure 2.3, is derived from the
fundamental triangle. Tt s truncated at the major
diameter to 0,126 f. In practice, due to providing
for tool crest wear at the thread roots, ie., the
minor diameter, the roots are shown as a rounded
contour and cleared beyond the flat width of 0.25 p
for the minimum minor dismeter of the internal
thread. Also, in practice, the crests of the external
threads may be rounded within the confines estah-
lished by the major diameter tolerance,

2.3. Desioy Form OF IntERNAL THREAD.—The
design form for an internal Unified thread, ie., the
form of an internal thread in its maximum ma-
terial condition, shown in figure 2.3, iz derived
from the fundamentsl triangle. It is similar to the
basic form except that the trunecation at the minor
diameter is an amount equal to one-quarter of the
fundamental triangle height (0.25H). In practice,
due to providing for tool crest wear at the thread
roots, ie., the major diameter, the roots are shown
as a rounded contour and cleared beyond the flat
width of 0.125 p for the maximum major diameter
of the internal thread.

2.4, Basic Tomrpap Data.—The basie thread
data for all standard pitehes of the Unified form of
thread are given in table 2.1.

3. THREAD SERIES, ORDER OF
SELECTION, AND SUGGESTED
APPLICATIONS

3.1. Tureap SpriEs DeFinrrion.—Thread series
are groups of diameter-pitch combinations distin-
guished from each other by the number of threads
per inch applied to series of specific diameters. The
various diameter-pitch combinations of three series
with graded pitches and 8 series with constant
pitches are given in table 2.7, p. 2.08. The symbols
for designating the wvarious thread series are shown
in table 2.7. In table 2.21, p. 2.26, the limits of size
of the series in table 2.7 are given but the full range
iz not covered in the case of the 4UN, 6UN, and
8UN series. (See par. 11 Limits of Size, p. 2.25.)

3.2, Orper Or SeLEcTion.—Whenever possible,
selection should be made from table 2,21, p. 2.26,
Btandard series limita of gise—nified screw threads,
preference being piven to the coarse-thread and
fino-thread series. If threads in the standard series
do not meet the requirements of design, reference
ghould be made to the selected combinations in
table 3.1. The third expedient is to compute the
limits of size for a special dinmeter-pitch combina-
tion in accordance with table 3.11. The fourth and
last resort is ealeulation by the formulas in seetion 3.

3.8, UNC, Coanse-TurEAar SEriEs—This series
iz generally utilized for the bulk produetion of bolts,
screws, nuts, and other general engineering applica-
tions. It is used in general applications for threading
into lower tensile strength materials such as cast
iron, mild steel, and softer materials to obtain the
optimum resistance to stripping of the internal

2.03
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thread. It is applicable for rapid assembly or dis-
assemnbly, or if corrosion or slight damage is possible.
The basic dimensions and limits of size for this
series aré shown in tables 2.8 and 2.21.

3.4. UNF, F'ive-THREAD SERIES.—This series is
suitable for the production of bolts, screws, nuts,
and other applieations where the coarse series is
not applicable. External threads of this series have
greater tensile stress area than comparable sizes of
the coarse series. The fine series is suitable when
the resistance to stripping of both external and
mating internal threads equals or exceeds the tensile
load carrying eapacity of the externally threaded

2.04

member. It is also used where the length of engage-
ment is short, where a smaller lead angle is desired,
or where the wall thickness demands a fine pitch. It
may also be used for threading into lower strength
materials where maximum strength of the external
thread is mot required, otherwise, the length of
engagement must be seleeted to meet the above
required strength conditions.

Fine threads up to and including 1 in size are
suitable for screw, bolt, and nut, and other threaded
fastener applications. Sizes over 1 in may not be
suitable unless the mating materials are compatible
as outlined abowve. The basie dimensions and limits of
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Fioune 2.4. Symbols for thread data in tabls 2.1,

size for this series are shown in tables 2.9 and 2.21.

3.5. UNEF, Extra-Fing Turean Serres—This
series is applicable where even finer pitches of threads
are desirable for short lengths of engagement and
for thin-walled tubes, nuts, ferrules, or couplings. It
is also generally applicable under the econditions
stated above for the fine threads. The basic dimen-
sions and limits of size for this series are shown in
tables 2.10 and 2.21.

3.6. UN, CowstanTt Prrem Senres.—The various
constant-pitch series with 4, 6, 8, 12, 16, 20, 28, and
32 threads per inch, given in table 2.7, offer a com-
prehensive range of dismeter-pitch combinations
for those purposes where the threads in the UNC,
UNF, and UNEF series do not meet the particular
reqjuirements of the design. The constant pitch series
have application on parts that are repestedly as-

sembled and disassembled or where it might be
advantageous to rethread oversize fo recondition
the threaded portions of the parts. Whenover a
thread in a constant-pitch series also appears in the
UNC, UNF, or UNEF series, the symbols, toler-
ances, and limits of size of those standard series are
applicable. When selecting threads from these
constant-piteh series, preference should be given
whenever possible to those tabulated in the 8-, 12-
or 16-thread series. The basic dimensions for the 4-,
fi-, 20-, 28-, and 32-thread series are shown in tables
2.11, 2,12, 2.18, 2.17, and 2.18.

3.6(a) 80N, 8-thread series.—The 8UN series iz &
uniform-pitch series for large diameters or for use
as & compromise between the coarse- and fine-
thread series. Although originally intended for
high-pressure<joint bolts and nuts, it is now widely
used as & substitute for the coarse-thread series for
diameters larger than 1 in. The basic dimensions
for thiz series are ghown in table 2.13.

3.6(b) I2UN, 12-thread series.—The 12UN series
is a uniform-piteh series for large diameters requiring
threads of medium-fine pitch. Although originally
intended for boiler practice, it 18 now used as o con-
tinuation of the fOne-thread series for diameters
larger than 1.5 in. The basie dimensions for this
series are shown in table 2,14,

3.6(c) IGUN, I6-thread series.—The 16UN series
is & uniform-pitch series for large diameters requiring
fine-pitch threads. It is suitable for adjusting collars
and retaining nuts, and also serves as a continutation
of the extra-fine-thread series for diameters larger
than 1.6875 in, The basic dimensions for this series
are ghown in table 2.15.

4.7. Higu-TemrErsTURE, HicH-STRENGTH AP
PLICATIONS.—For these applications the ecoarse-
thread series is recommended in sizes from 0,25 to 1
in and the &-thread series in gizes over 1 in. Limits
of size are given in table 2,21, Some high-temperature
applications involving special physical characteristics
or conditions may require modification of thread
dimensions. See italicized part in par. 4.2, p. 2.19, and
par. 10L5, p. 2.24.

3.8, SeLEcTED CoMBINATIONS 0F UNS THREADS.
—These data are tabulated in table 3.1 for some
gelected ecombinations of diameter and pitch of
Unified epecial serew threads, designated UNS, with
pitch dismeter tolerances based on a length of thread
engagement of O times the pitch. The pitch diameter
limits are applicable to a length of engagement of
from 5 to 15 times the pitch, (This should not be
confused with the length of thread on mating parts,
as it may exceed the length of engagement by a con-
giderable amount.)

39. Five Tareaps ror THin-Warr Tusmve.—
The limits of size for a 27-thread series, ranging
from 0.25 to 1 in nominal size, are ineluded in table
3.1. These threads are recommended for general
use on thin-wall tubing. For more detailed informa-
tion see part IT of Handbook H2S,

3.10. Tureans OF SreEcianL DiameTERs, PrrcHEs,
Axp Lexcras OF Exngicement.—For information
on special threads, see section 3.

2.05

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1024
Page 31 of 44



P
t INTERNAL _THREAD
NS NuT)

= Tolerance on Major Diameter
Z o Externa Thread

&%

&L/
?ﬁﬁ‘: #
N
NS
7

--.___l_ EU‘-"

R

1 PD Tolerance on Inbernal Thread

n Allowance [External Thread only)
..*.PDTEI[EI‘H!H on External Thread

ead
™

Maximum Major Diameter of E xfernal Thread
Minimum hajor Dismeter of External Thread

haximum Major Diameter of Inlernal Thread
Minimum Major Dismeter of Infernal Thread

B 3 E
HEHE
L EREE
= £ L .:j
Y He slwy 2
"E s - 5 s
& £ 355§ ¢
3 o 8 Ef a| %
o 5| 8| ©| 2| 5| EfF .
2 A P I e
i g5 |5 5| H5 s R,
of 28 85§ 3 BT HE
2 sl @l 3l £l Ss 5fF |2 £ < 33
%EEEE "-\ r Ergl_
EXTERNAL THREAD i ' 2[3h
=] [ » o]
(sCREW) £ E g Ferm'“rl%%? f E- c E 5
nEs orm o 2 E[E &S
E‘EEE from Mew To0 sk Sls

Fraure 2.5. DMeposition of lolerances, allovoances, and cresls clearances for elasses 1A, 24, 1B, and 28,
NOTE: “Nesninal minor dinmeter of external thread' is that specified in takles,

2.06

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1024
Page 32 of 44



\\\v\ LR

SRR
NI
RN gauy | (eu I
P ORIy FETETT] ' L
3 e NN PYal] feusds jo
Egs 2 I ] AR g ]
wbe s 7270 i A SN
= o CA, A SRR
g g8 e Sy,
e s & N & -
s F=2 Gl e w,x,,.,,,?,,,,,,, ¥=
o o FEF 5 e el Rl SN 8
< =00 R, AR A "
Loy OED ) PR RN -~ :
W e = Lo S A - &
o s o A L 3
T b2 o 7] RN ESs
e e AR FirE
5 &3 A i prasy |
2= +5 A - Rusa|x3 §0 J9{HUNG
tw = s g s ! J0UTY Wy
4 L e =
- .m,m b pEaUy ] [euJagx3 0
) e o g e ey Aulpy [DUIWoN
- o Z
m i - peEady | [RudEju] uo
/ o FIUEID] JRPWRIT JOUY By
f.r e < pEas] | RWAYT Jo JEjBWwE Yyl whwiiis
T peauy | 1PWaXT 0 JagawRi] YAid WhwIXey
Jatawei] _._.._ln.ﬂnlm.. Nseg A
peasy]  [RUJApu] P JRjawey] Ui WAL M
s
| peawl FuBuU] P BpuRg Gald DS Lo
3
w
245
13 awe ale as <
jawm  Jolels 15 = 9o
prasy | [RUJEX3 S0 Jajawen]  Jofely | wnwiulpy m
peaay | [PuJajxg 0 jewen] Jolepy whwixepy H
L
PRIyl Rusau] 0 jawe Blepy  whwiuiy
pRAN)|  |Puldju] g Jejawel] Jolepy WRWE

Froves 2.6, Disposition of lolerances and crest elearances Jor classes SA and 38,

“Noeninal mimor dinmeter of sxternal thread”™ i that specified in tables.

RNOTE:

I~
-
e

Zimvie Zimmer Biomet v. Jackson

IPR2023-01432; Petitioners’ EX1024

Page 33 of 44



Tanie 2.7, Unified siandard serew Uhraed series

l Thevads per inch
Nominal sise by A SIS e S % Jlr I = | Homimal
aed buasic Ge i | BT : sizn and
major diametes Herss with praded piiches Heriea wilk sonstant pitches bazio Eajor
7 — dheler
Primary |Becoadary | Coarse Fize Esira fine| dUN UK | MUN | I2UN (110 MU ] HUN | HUN
UNC TUNF UNEF | | | |
[ [ | l Z
i | | 1 [ ]

= ST TR 50 | 060
[ ] 073

K] 56 L] 0B
48 ] e

A1 40 48 112

H . R e 0 L3 185
TS PR n ] : 138
8 — 2 36 afwes a 1B
B L I PP——— Fal 23 T T T UNF 1
I8 H 25 UNF UNEF R

230 el ] UNF TUHEF 250
B-TT13 18 H m UNEF L3135
A8 18 H 1] UNEF AT8
AITE M 20 UNEF 1] AR
by k] 0 ol 18 UNF UNEF a3 ]
Abd 1z 18 il LG 20 m a3 <BhI5
K] n 18 F L6 20 i a 835
PREEELN LTI, 1 18 0 F] a3 BHTS

TS0 N 10 18 0 ONF UNEF aH L] T80
T B N 18 | UNEF ] a2 A28

M i DR P 9 ol 16 UNEF m M5
b r i 3 . N W | UNEF b ] ] JITE

LI TR —— 8 12 20 UNC UNF 15 | UHEF ] 1.000
.......... iy 18 A 13 14 20 a8 10638

1.138 T (] 18 A UNF 1% 0 aH 1.135
.......... 18 [ 1] 16 ) Fol 1,187

LIS PR 7 12 ] B UNF it = 28 1.280
[ 1) R —— 18 g 13 it N o 1.3125

1575 s § 12 18 3 UNF 16 0 8 1. 378
LoABTE |occccacnas R . 18 3 12 18 F] 8 1. 4378

1500 H L] UHF 15 %0 B |aecess. 1.500
[] [ 12 16 20 1. 5635

1.5 & i 13 1% 20 1.828
[ [ 11 16 N 1. 8575

1.750 ] H H] 1% ] 1.750
-] H 12 % = 18125

1678 -] L] 12 1% 0 1.675
L} B 1+ 1% o 1. 8373

2000 [} B i 18 0 2.000
[] 8 12 1% 2l 4.1%5

2,550 L] 8 i 18 = 2.250
L] L] ] L] 0 2.978

2.500 ] ] 2 1% n FErTEE PO A 2.500
] i (V] 18 = 2.5

2.750 ] A 13 1% = 2.750
-} L] 12 1% = 2,575

2,000 -} ] 1 1% -] 3.000
] 8 i s - = 3.128

3280 -] ] 11 18 - 3.2%0
L] ] 1] 1% 3.978

1500 UNG ] i 1 1% 1.500
4 8 B 12 1 3625

1750 i 8 ] (F] " | i : i B.T50
4 a B 1z I8 R [ —— | — 3076

4000 [ T T [S— i g e UHC 8 8 12 18 4.000
[ B 12 1% 4.15

4.350 § H 12 15 4.250
] ] 12 15 4. 375

4500 g B 12 1% 4.500
8 B 12 18 4635

4.750 & 8 12 1] 4750
& B (1] 1 4875

5.000 § ] 12 ] 5,000
[ ] 12 1% 5.1

5,250 [ ] 12 1% 5.3280
g ] (H] L] 5376

5.500 [ ] 1 ] B.500
B El 12 15 5,05

G750 a E 12 18 5. T30
] ] 12 1L & &

6000 ] ] 12 18 6.000

2.08

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1024
Page 34 of 44



Tanie 2.8, Coarse Uhread wr.u ba,u: dimensions, UNC

=

e : :

Neminal sive | Minars Minoe ! Load sngle 2t Sectlonal arex Tensile siress®
udh-emﬁar Threwds per | Basio piteh 3 dimmester, babe: bk | ;uu'ijaw At

Ineh, dinmater, wxiornal Lntermal dinbeter, dasnaier ol B 3
. E threads, K, threads, K. e "(E"TI'
Primaty | Becondery
in in in in in g min in* in®
073 ] 0,063 0053 . 6L L] n 0.00X1E 0, Dokl
o - 8 | 8| & (1 | & | @
HE e orhsa T “nado i & 00488 L0DE04
2 s @ = ® |¢ .3l || m
N ] 437 1287 Nt 3 ] g “0140
.150 24 Nt L1385 L 14D H o 01480 ~0176
2 JisEm 168 L1mg 4 1 s ETE
B0 -] 2178 L - 1pse 4 1 026 L3R
a1 18 L L2443 ! - ] L] S M
] 14 A4 HE M7 1 M AR ATTE
AITE it JFll e L A2 1 1] e 1083
B0 1 ABOD ANES [ AT 3 7 1887 L1ig
0 ] JBse 483 T EH 5 183 g
N 11 - ) Bl E 6248 ] 54 -3 ]
o] ] . GBS BIT) HIT 3 40 302 LA
S # R TR !| T ] I | AlE i
1,000 X 1 B L8 1 s 7
w188 Mo | H m 8 505
20 P | e s |3 TR "
1375 8 1.2087 11705 L. 1948 3 H | 1054 1. 165
1.500 L] 13007 1. 2585 1. 3156 H il 1.204 1403
1.750 3 1. G3FL 1, 80458 15208 ] 1] 1.74 .50
2,000 4.4 i.BI5T 1,754 1. T804 3 11 Lo .50
iR O MR i | M (1 8| B 2
2.750 AN H 2. EETH 1,03 | T4TH 1 ] §.82 H
r 10 R - § 28176 .83 1.7 1 L] 5,82 5,97
B el (B B | = | §) 8 £
a. i : i g 1933 i i k L
3.750 o ! i 3.5E78 34431 1.4ATH 1 16 .3 &84
4.000 {1 1 2.8176 1.8 379 1 1 | vo. b1 1.6
* Design formy, Bee 8 23,
b Bew fremuls wader definition of (ensile stres sres in appendiz A5
Tanie 2.9, Fine thread series, basic dimensions, UNF
He=inal tl.l" F M it Minget " Lead qn,;k it !' el Aen Texasile shreme
and bude Threads per | Basie plich dinssener, dimeter, | l:-u-twtth [ ol minor arem,
diameter, , diamiter, eatermal interzal maneber, dmmaber at F L A
e T s L K threads, X, | threads, Ky A 0= iy i e
Primary Becondury !

[T} (1] = o in deg Ty (=] [EL
080 ?g- ﬂ.m D.m {Igm 1 iﬂ!i' 0.00851 n.g]ﬂug
068 B oD J0bE 01 1 i 3D ~noInd

54 LEM Tl .07eT 3 41 AL B
112 18 _09as DRy RS 1 5l DasBE 00681
18 " .12 JATL 1004 3 5 ARTI6 00830
158 i L1218 L1073 k L1i0a 3 “ .DOETA s
<16 # - 1460 N2 i - 1 =] 01185 SAT4

8] F- N80T BT 1882 3 Fi] 75 L g

= < I0ER v AT 3 n 03 . 0258
258 - - Wz e 3 53 0am DA
i [T JBAEd a1y L3E7E 3 i “OEZ ~0éin
-ATE M MY 3 I. A | Il 0Ea .
-AFTE o 050 rl L KM 2 15 a0 JIET

SH0 ol ARTE A | A0 1 a7 450 .15
638 % a6 LT ! 5O 1 (1] L1E .03
il & e BSEE LEB4D 1 4 0 a8
5 15 T4 L0733 | L8833 1 8 -3l i
55 14 . B3B8 TETd [ T ] H ARG . S
1. 000 k] R TR | forid 1 n S5 BT
1.128 1z Ling 1. e 1.0348 1 ] A2 4
8 B(ER| R | o1 % B re
1.500 iz 14458 1. 375 | 1. 4093 1 3 1,531 1,881

" For sises hmuuulzlinmmwlﬁu}ndm&wmili__ SERAE RS AT
© B uhllindur afiniticn of imails sbrier area in appeadiz AL
2.09

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1024
Page 35 of 44



159 h Ly

= = B - - [=1 | = E = = b= -1 [ ==
34" | » SBEES ezsm mus® cRad 838% smss sio- | +3333 E0RE 233% B3 %am sk e
| Fey = P - . . S 8 I

i =

i3 §,8
| 2% gIzes & mm REE= EERs S9HE S328 28+n a-—s c——an
mwmd 3 3338% 43 2020 BREE 2R8F ses m_mm Baces doon nace Sogd 9430 DEFs ceEss
i = s Sl T4,
|
|
Ce, T
M m BREES hAazEs =229 ERER RSS9 L9%ER 5 mﬂuuu BREAR R2Sx morw =G5 SHZE ST98%
=1 |6

imEREions,
Lined
basic
deg

Hfmmm moe- mee- @D00 SS00 OO thll e A mEEe mmaE SS00 SSS00

ic dimensions, JUTNV

» basic d

$303 3835 ER%E 8EES 3 RafZ 8383 M9EC §EGS MG MESR

e FEEE HEME mEET e T eres A e

seTies
Bl inze s
diameter,
inbéraal
threads, K
an
0.1
182
e
e
a8
AELE
BT
)
NIET
el
0
oy
(Fel]
3
Minpe™

m «§283 E3EZ §3E3 A§E §3E3 AIES RILdE

FCIEIEY I MR T SRR SReReh M) MMM

“ mew <2298 @238 829§ 8224 8=aQ @2cE azugg

TasLe 2.11. f-thread series,

B

TasLe 2.10. Extra-fine thread
Mingph
dixsetir,
eraal
hreads, K
in
S

Basie
&
]
1
I
1
]
1
1
1
1
|
1
1 BETS =, wet 1-thewad sorice. Bow tabie L15.
finition of tenaile siress arew in nppendix A5,
in
3Ta
46
L]
T
bl
f)
L]
26
1
4hl6
[
T8
3376
P
(i} M
2138
A6
46
4.5678
T8
276
e ]
L]
nm
1
Ak
GETH
71
L]
finitkzn of Lessile siress ares in appendiz A5

g
4,625
UL

'L

. Bee
wnider

Beomdary
in

ure ﬂm-lh?i}"hu““

2,600
o
4.000°
5.
5.750
.
Too et
oy e
2.10

4.500
4. 750
5.000
5,350

e
Van
7~
e
—
RO

Page 36 of 44

IPR2023-01432; Petitioners’ EX1024

Zimvie Zimmer Biomet v. Jackson



aUN

IATENESLOTLE,

fes, basic d

series,

mﬂ.ﬂm = rmnﬂ HMI“ ﬂ“.ﬁ-n nﬂﬂl. l_ﬂ.lm. H..un.ﬂﬁ. ﬂ.ﬂ.ﬁ..ﬂ.. - ..1I.a._-u_3
£fge 3s=n 3T =IT 2373 SU=5 IZWE Se-o csss ass--
- ka1 .-.u-aa L -1 Eﬂ-..-.- .lnnm ”mwn “““” m“m tn]”H
=98 SRS BRAR EoTT =O5R ZEIF SRI0 LIRE LEAA I8REs
S e — —— e —-=00 -1-T1-T1-3 ScoDs -1-1-1-] -1-d-1-3 SoooobD
| g2 Ezg2 23 u. 4] E3xs I% 2 E2gza
| 25 3835 d5ds 2382 R34 D382 243 E383 S8 1343 2c8EC
| e e e !2!3 SHrE FEME M e U e W

in

11705

mmmm

TasrLe 2,12, §-thread

- ——— - - — — - I.I......nd Saga e ey dem 3 0z 0 0% _..u...nl..l. - .l.-...ﬂ._ﬁ. -
a1 - o8 =P - = P B 0= P r- [ PP (=3 1 ] -~ ol - e
BYSG IEEH BovH RSSE Boch Rudh BocS RoSE Bozh Rosha
2% a2 @3 2B 8@ aig 8 “
[ H 1R Rl o | i an H

N i
| § Eg 22 £ 5% 88 82 88 §&8 88 s&¢#
_h - e - o oo -, | - - o . . - oW W W

A1

Page 37 of 44

2

IPR2023-01432; Petitioners’ EX1024

Zimvie Zimmer Biomet v. Jackson

Ham fig.
wmmﬁﬁudmﬁmmvhhmﬁﬁll

‘Thq&mw'éhlﬂmtlﬁﬂﬂ

L]

farm
® See




_ mmuw 18888 8388 Soms sacs k233 3838 3885 BINS FIAT —owe ceee reeen
P | Ta = = HAHA iR FEES S WES= ANy Yuos Tegs ARTRE
§ | _
| L
] |
54 % 2888 B22F Szzo s=aRs 28238 ARKE R8s BYS0 HALF Rouw wamn weass |
mm ik BIEEE BLO2 Z200 Sldn desin vesiv Gone wegsS Snds S4Sr Segs HAZSS |
3= m

| fA==~ Eztz ZRER HEET --e° GICe GYUU FRARE AZNE =RARN ARER AAXIR

basie piteh

Lesd angle sl

|
_ .m...._:__.._.?_ A EEes s mEes OSC00 OSSO0 PORE SRR SO SDRE SPEES
!

-55 SEEE 3580 SORY BBSH 39N BERR

e T e L T T T

SE S¥3E FEZE SRR EEEE

SEwr Fws Fosdsd Gddees

threads, Ky
]
%

. ror s g B i e et oo I
- e e DO BERSREE NPT MMM MM T WA WD

gaberaal
\ Ky
EL )
08446
U716
1.0241

S25% $853 33 E3@s 3538 3385 388 308 SS8R 30ER SSERS

Minart
dameler,

TapLe 2,13, 8-thread series, basic dimensions, 8UN

I
I

I

1

]
1.
1.
1.
3.
2.4
3.
r 8
r
2
3
1

Paasic pitch

dinaneter, B
in
0.
8T
(M
1. 106
1.168%
1.2313
.3
L4163
1.4813
15438
TEl3
TS
153
433
1664
Hdd
LES
S5
6865
TR
FLEE
HEL

- [6Es
1. M08
A1
G418
5658
T8
G188
438
=]
I93R
4188
5418
BAER
TR
0153
(418
LBEY
2538
41
B43R
B3R
THaR
LIk
off Lmraile stress ares in spgeads: A5

| : NN R N 1 1] T3
1| . 2E 9% aiE 8 8 e g W iE P

.m = om ”“.L “[ .I. .l W...n 1= ...r.. 6h uu.. ....m_. .I.. = M.L m.n. ; .m,.-.....:m

= H.. H i i i i i H i i H ] ] 1 [ am.w

1 i

| 254 | . R . 21

“ld|-B2 %K %8 g 8% 8% 88 § &8 a® R mm..”mm
_ T - - - - - - = ] mooeh o = o v W - - o= W ow oo _...m .om ﬂ
I e .)s.

Page 38 of 44

IPR2023-01432; Petitioners’ EX1024

Zimvie Zimmer Biomet v. Jackson



N

iona, 120

FRIENFROTE

s, baic d

T

Tasie 2.14. J&thread

—
wnmw 128 7395 URES £32% umug onan mMen $IST BARY TEGR 83T aa-c seee mmave
_m - e Sl —2le s mnnd fend deed deos delas Sdes dgod HAdER
o
=
_
fria 827 HEES gaoe gEgs
| 3857 | LB8% H84% U283 5281 ssss owss n2ex $hYs AR InYUS BESR -cem meen wacen
.Wﬂ.m.uu e - mm—— ANN AERT YOGS SRk AAE= oY BERs DagE ARRRE
um. L]
[ I o
| | ‘FRSE S°GF RERAR Za== nopR ZHEY GIVR RASE =REALR REASZ ARHEs mRa2% =EXEx kREEE=
L |
| $1§
o
W
__ .M.I!! FFmm memm- e == OO0Coo SO000 oocoo oooo D000 SS0Cc Sooo Oooo OooOooo
ol R¥sm Zpam Spes spes Soes Spes Sope Sees = mwmw % mepe gpee seoe
wwm. «Ea§ EHZE 2E3E SNRc 283§ §Rac E25% 5382 3387 238 S2%F 8382 Q2% &85
.M"u.mw = " " TN TdS Sdad Sl =S S sleisisl Hodde dddes Sewr weww e wsssasas
_ ..uum - I = o = T W 0 5 5 i i ] a3
| 34t <889 5209 GRHE S2fy EeNe GHEE GHER GOSE BHGR GHGE SHGE GASE sHeRs
H v e omomoa & omow W s 4 84 B B B 4 & b B D e i L e i T e S B 4 2 8 omomomoa
o = - - - (U {EL (i 2 —CECASE CICICMTE CHSHN O PUPIG R DRAR SRR SRR e b R 0 bk e e

dismcter, B

S AP

<228

3283 3328

388

e

2288

PR W

3E89 2688 96888

- -

= b

w o o o

Semnlay

-BI25
T

N
COREs

L1

3.625
3578

4378

Y

2.075

Primary

100

3.500
1.760

4.000
4.3

4.5
4.780

5.500
678
6.000

e

mmmhdiiiu{ﬂnﬂﬁﬂwlmﬁ'
Eltdmlﬁm of tengile siress ares in appendiz A5,

]
under

form,

Ben

=
b
L]

2.13

IPR2023-01432; Petitioners’ EX1024

Zimvie Zimmer Biomet v. Jackson

Page 39 of 44



18UN

series, basic dimensions,

TasLe 2.15. Iéphread

=i

LE LT

SR L

=F

|
w N _ EZ 5232 B35 208E =839 o g § BEER PRER REER SkEn
mMsr. i 337 TR RRRR RRR% SHAT URRY FTAR RA5T 5000 GRES 3337 CBRS sohd Moo mms
pa—
Ll |
feig | EE Gope A B4= paee
3y | BE H2HR 3888 2835 5729 anes =uuc snes 8537 B3EN TELR 2288 Ja-o sose —owes
mu s | 7e Seind mmm dHAE Addd Faud dhea degz ey sdve Sggyd mEEER
=y m
_ mhﬂ AZRE RAHE or=S BES? TH2T S2RER A0SR NEAX RARE RAES pEES SRSE fons sanans
W |
u "
H|
LA
_ M!! Fifemim mammem —mm—— SO08 OO0 SSoD CO0E SooE SODE OOSE oSS SOSS So00 SoooS
-EE 938 8308 820% 5307 §35C U3%R 865G 3505 B58C 5585 26T 3540 8835 88850

Az
5K

i
JGLDE

BHEE §932

mmmm

H283

“cachee

H3EE

EE

HiE3

]

§3ER

e

H2E4

)
A

B |3 RN R GEEE NEAR ANY NON EEEE EEBE SRR AN O VOSSR G
i mwwm mmmm mmmm wmmm Wmmm mmmm B mmmm m
E AL ol o ol Ll e
.m_.m Pt i P P13 F FF 11 Pl
|| 2
N,mmm 8% 85 89 8% §4 8% $9 §°9 §9 %% ¥9 §E&

‘These re standard sk of the TN or UNF Berien,

L
L]

o tensile siress sbea In appendiz A5,

s st S

leai
Bt

IPR2023-01432; Petitioners’ EX1024

Zimvie Zimmer Biomet v. Jackson

Page 40 of 44



TaBLe 2 16, #0-thread series,

basic dimensions, 80UN

al= BERE oo —eom me
m“ i | 33997 2RAS %388 ZH2Z RAN; ssa= n3us smsw owens
g~ = - emrmemes et AN MMET T
- =
]
m .u& | ]mw m - s =
me_ +B38E %337 293% REE 2030 emsc cese ames suear
2R ] - " e e SRR SRR
=
muMNW E3RR EEwT REET Y9FE BRAR REER #Ran AaR==
| 343
| &
il
Erran amem me—— @900 0000 S998 G000 COOS SS000

o, el T T TR ket 7

3328

M
dammmter,
intrr=al
hreds, Ky

Mipart
dmreeter,

exbivtial
thrmds, Ka

§548

TS AR i i iy

g R E T E T
M PR RRREEN BB Rg)
i
1] t285 883 88 8% 128

Thess are standasd sives of the UHC, THF, o E.IHEI'tu-iq..

Itson of besslle sbrems wrea in appendix AS.

3

form, Bee g 3.
undér

Ben

L]
L]
a

15

IPR2023-01432; Petitioners’ EX1024

Zimvie Zimmer Biomet v. Jackson

Page 41 of 44



T. ABLE 2.17. 28-thread series, !hmnc dimensions, S8UN

S TR T U TR AL Y, e e -

]
Misas Minort | Lesdangheat | Geclional area Trasile sirvurs
k Basiz pitch diameter, diameter, | basic pilck 3l mizar W,
dnmrter, £ exiormnal intemal diamseber, diameder al T AY
thrends, K, ibreads, Ky | I — iy - I~
i in in | dag min | int i
0.1%28 0,178 01T 3 e } 0.0236 0. 0:E8
«Z368 2062 13 r ] L ] . i
2503 AT 38 1 15 . l 06
3518 W2 ] 1 &l 848 K]
A4z T - HE3 1 H 13 | Bk
8 ABE2 4613 | n | 18 .17
E AE T 1 12 &1
LS008 LOE2 a3 1 & Bl
wE | T T 0 8 ] :
-THA it 113 0 ] 35 Al
T ey ~T138 0 0 4l ATE
JB51E g - [ 45 53 )
A143 Rocr) 5938 0 &3 B3 0
(N Rl D562 DELE il L] -Th e
1,085 1,082 1.0087 1.028 0 ] A1 0
1.125 T P r— 1.1018 1.0E12 1.0883 0 un B 213
1.1E78 1.1643 1.1457 1.1458 ] il 03 1,044
150 1. 2388 1,262 12113 0 a2 1,138 1. 160
1.2803 1.2887 1.2738 9 3 1.239 1282
1375 1.3518 15312 t ] 0 n 1. 384 LA11
1.4043 1.5 1. a6 i F 1.52 .58
(I F— 1.4m8 | 1. 6563 ] 1. 4613 o ] 1.68 | 1.6
\
*ﬂmuul.md.udmﬂnf'lhu'ﬂ'h’?nr U":SCF llml
lM.::mul.l. andir ;ﬁllbﬂﬂ ol Lengils sbriss mrea 8 appenidis AS,
Tanve 2,18, 32-thread serics, basie dimensions, 320N
= — _'I' ——— . —ma — — I_ —— — —
Nominal size Minort Hmr" L mngle at Bertional area
wnd basic pileh l diameter, Ttamie prichy 3 minar
3 diarmeter, £ exbemal mmu.lf diumeter, & dimmeter st g _ﬂg
i e | threads, K, heeads, K, D — iy
Frimary Beensdary [
£ in in 1] n g CIE in? in®
L1368 01077 0,067 01042 Ll 50 000745 0. g
B a7 BT W i 1] 0196 -0140
190 « 1T 1817 o LBE2 a 2 D17 o
8T AT LB 2 5 241 AEn
S T 217 -Hea 3 ] 4 ]
e o | e . 1 o JsEl ]
g AuT AT SHI2 1 an N8R -3
3T 4173 - gz s I n A7 -ladl
50 AT AHT K1 1 n .l TR
5E3S . A2 L5287 ] B o
] BT B8IT 5012 o &7 -268 o
BET2 e 5T ] Bl Rir -39
150 e T i) 7162 [} 17 o T
135 T il THET o 42 ABE A
] P T LE5IT W 5413 o 40 54T B
0375 172 N ] S0ET 2] a7 832 <6
I R - T | T T [ s .73 -T3E

-n;_m:hdamum-ua.ﬂ URF, of UREF st '
b Diegign (orm. Bee
# Bee formuls. under |mu iofl emniln skress mrea in appiadic AS.

2.16

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1024
Page 42 of 44



4. THREAD CLASSES

Thread classes are distinguished from each other
by the amounts of tolerance and allowance. The
function of these classes is to assure the interchange-
ahility of threaded parts. Six distinet classes of screw
threads have been established for general use. These
classes are: 1A, 2A, and 3A (for external threads
only) and 1B, 2B, and 3B (for internal threads anly).
The disposition of the tolerances, allowanees, and
erest clearances for the various classes iz illustrated
in figures 2.5 and 2.6, p. 2.06.

The requirements for a screw-thread fit for a
specific application can be met by specifying the
proper combination of classes for the components.
For example, an external thread made to class 2A
limitz can be used with an internal thread made to
classes 1B, 2B, or 3B limits for specific applications.
It iz not the purpose of this standard to limit ap-
plications of the various standard classes.

4.1. Cragses 1A axp 1B Tareaps—Classes 1A
and 1B threads replace class 1 for mew designs.
These classes are intended for ordnance and other
gpecial uses. They are used on threaded components
where quick and easy assembly i= necessary and
where a liberal allowance is required fo permit
ready assembly, even with slightly bruised or dirty
threads.

Maximum diameters of elass 1A (external) threads
are less than basie by the amount of the same al-
lowanee as applied to class 2A. For the intended
applications in American practice the allowance is
not available for plating or coating. Where the
thread is plated or coated, special provisions are
necessary, The minimum diameters of class 1B
{internal} threads, whether or not plated or coated,
are basic, affording no allowanee or clearance for
mmhhr with maximum material external thread
E{;E:_Lp-u-nents having maximum diameters which are

ic.
Allowances and tolerances for the respective
thread series are specified in tables and their ap-
plieation iz shown in figure 2.5,

4.2, Crassgs 2A Anp 2B Tareaps—Class 2A
for external threads and 2B for internal threads-are
the most commonly used thread standards for gen-
eral applications, including production of bolts,
serews, nuts, and similar threaded fasteners.

The maximum dismeters of class 2A (external)
uncoated threads are less than basie by the amoint
of the allowance. The allowance minimizes galling
and seizing in high-cyele wrench assembly, or it
can be used to accommodate plated finishes or other
eoating. However, for threads with additive finish,
the maxinmum diameters of class 2A may be exceeded
by the amount of the allowanee; i.e., the 2A maxi-
mum diameters apply to an unplated part or to a
part before plating whereas the basic diameters
(the 2A maximum diameter plus allowance) apply
to & part after plating. The minimum diameters of
class 2B (internal) threads, whether or not plated
or coated, are basic, affording no allowanee or
clearance in assembly at maximum material limits.
Bee par. 3.7, p. 2.05.

TF-ss1 O =TE =4

Certain applications require an allowance lo permit
applicmiion of mem [ubricant when making up
the assembly, particularly with pressure vessels and
steel pipe flanges, fittings, and valves for high-lempera-
ture, h essure service. For such opplicalions
class 2A, which has an allowance, and class 2B are
récommended, replacing class 7 which was previously
established for such applications but which has been
discontinued as a standard. See par. 3.7. In this
application, when the thread is coated, the 24 allow-
ance may nol be consumed by such coating,

Allowances and toleramces for the respective
thread series are specified in the tables and their
application is shown in figure 2.5.

4.3. Crasses 3A Awp 3B TereEaps.—Class 3A
for external threads and class 3B for internal threads
provide for applications where closeness of fit and
accuracy of lead and angle of thread are important.
They are obtainable consistently only by the use of
high quality production equipment supported by a
very efficient system of gaging and inspection. The
maximum dismeters of class 3A (external) threads
and the minimum diameters of class 3B (internal)
threads, whether or not plated or coated, are basie,
affording no allowance or clearance for assembly
of maximum-material components.

Na allowanece is provided, but since the tolerances
on GO gages are within the limits of size of the
product, the gages will assure a slight clearanece
between product made to the maximum material
!imit:s. ’l‘{::hersnnﬂa for the respective thread series are
apecified in tables and their application is shown in
figure 2.6.

5. ALLOWANCES

The allowance is minus and i= applied from the
basie size to below basic size, Allowance is applied
only to the classes 1A and 2A external :
Values of the allowance for these two classes are
obtained by use of a € factor of 0.3 in the formula
shown in par. 6.1.

6. TOLERANCES

The internal thread tolerance is plus and is ap-
plicd from the basic size to above the basie size for
all three thread classes.

The external thread tolerance is minus and is
applied:

1. from the basic size to below the basic size for
clagz 3A (see fip. 2.6),

2. from the esign slse (basie size minus allow-
ance) to below design size for classes 1A and 2A
(see fig. 2.5).

The tolerances specified represent the extreme
variations permitted on the product.

6.1. Prrci DiameTER ToLEranceEs.—The basie
formula for pitch diameter tolerance is composed of
the following increments:

P.I). Tolerance

= C(0.0016+/D + 0.0015 T, + 0.0159F),
2.17
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