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INFORMATION SHEET ON FEDERAL STANDARDS

This Federal Standard is issued in looge leaf form to pgg-mit the insertion or removsl

of new or revised pages.

All ugers of Federal Standards should keep them up to date by inserting revised or
new pages as issued and removing superseded and canceled pages.

New and revised pages will be fssued under Change Notices which will be numbered
consecutively and will bear the date of issuance. Change Notices should be retained and

* filed in front of the Standard until such time as they are superseded by a reissue of the

entire Standard.
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FEDERAL STANDARD

TOLERANCES FOR COPPER AND COPPER BASE ALLOY ~
MILL PRODUCTS

This standard was approved by the Commissioner, Federal Supply
‘Service, General Services Administration, for the use of all
_ Federal agencies.

* SCOPE

“This standard contains dimensional tolerances for copper and copper base alloy mill products. Tolerances for

copper bus bar, and rod, pipe, or tube conductors are not included. The tolerances conform to industry standard
_ tolerances in effect at the time the standard was prepared. Tolerances differing from those specified or for sizes and
- shapes not covered by this standard, shall be outlined in the product specification or shall be agreed upon between
! the procuring agency and contractor..Unless otherwise indicated, all tolerances given in this standard are plus and
. minus. If all plus or all minus tolerances are required, double the values given. :

. PURPOSE

The purpc:se of this standard is to provide uniform d.lmenswn and weight tolerances for copper and copper base'

alloy mill products for use throughout the Government.

Throughout this standard, all paragraphs and tables are identified by the following system:

. Products (¢.g., Bar,Cold Drawn or Cold Rolled; Bar, as Extruded Flat Wire; Plate, Cold Ro]led) are designated
by the numbers 1 to 24.

i’roduct jcategories (Nonrefractory Alloys, Refractory Alloys, and Copper) are designated by the letters a, b,

" The applicable dimensions {e.g., width, length, thickness) are designated by numbers in parentheses.
"Any further subdivisions are designated by decimal numbers.

To illustrate: Paragraph 1a(2.2) covers Flat Products, with Unfinished Edges, Cold Rolled; Nonrefractory Alloys;

. Width Tolerances; Slit Metal, and Slit Metal with Rolled Edges.

" REFERENCING THIS STANDARD

The following example is suggested 4s a suitable method of making reference to this standard in -product

" specilications, to provide conciseness and umfon’mty and to minimize controversies that may arise from variously

worded texts

o T AANAWAS Tlsm
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REFERENCING THIS STANDARD (con.)

Dimensional tolerances. The following paragraphs of Federal Standard No. 146 s\hall apply.

Dimension Paragraph

Length 15a(2) G

Straightness 15a(3) LY,
DEFINITIONS Ry >

Bar. A solid rectangular (including square) section, or one with two'plane parallel surfaces and round.or other
simple regularly shaped edges, up to and including 12 inches in width and over 0.188 inch in thickness.

Copper. For purposes of this standard, copper is defined as materia! containing not less than 99.88 percent
copper, small amounts of silver being counted as copper.

End. The end piece resulting from cutting according to established length schedules.

Flat Product, with unfinished edges. A product with a rectangular (including square) solid section, relatively
great length in proportion to thickness, and longitudinal edges resulting from the final rolling to thickness or from
bringing to final width by shearing, slitting, sawing, machining, or rolling. The comners or edges may be square or of
other contours. Included are Bar, Plate, Sheet.and Strip.

Flat Product, with finished edges. A product with a rectangular (including square) solid séctmn, relatively great
length in proportion to thickness, and smooth longitudinal edges resuiting from roliing (without previous siitting) or
drawing to final dimensions. The corners or edges may be square, or of other contours Included are Bar, Flat Wire,

and Strip.

Flat Wire, A flat product (rectangular, including square) up to and including 0 0.188 inch thickness and up to and

including 1-1/4 inch in width with all surfaces rolled or drawn without previous slitting, shearing, or sawing. It may

be furnished in straight lengths or on spools, reels, or bucks.

Lengths.

Snanifin lmaﬂl Indicated uniform leneth, subiect to esta

g A e v warazwRaiE Deiiy Vwmujwwes W

inch, 9 feet-7 inches, or() feet-4-ll2 inchesisa speclfic tength.

Stock Length. Normally certain uniform lengths subject to established tolerances (including Standard
Lengths) actually carried in mill and warehouse stocks. The nominal length actually carried will vary considerably
with the product, alloy, size, mill source, and warehouse location.

Pipe. Seamless tube conforming to the particular dimensions commercially known as “*Standard Pipe Sizes”.
Plate. A flat rolled product over 0.188 inch in thickness and over 12 inches in width.

Refractoriness. The specific alloy and tolerance schedule applicable; to the particular refractoriness classification
will be defined in the individual product specification.

®
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DEFINITIONS (con.)

Nonrefractory Alloys. Those copper-base alloys which, because of lack of abrasiveness or hardness, present
relatively little difficulty in maintaining standard dimensional tolerances, :

Refractory Alloys. Those copper-base alloys which, because of abrasiveness or hardness, require dhnensionnl
tolerances greater than those established for nonrefractory alloys.

Rod. A round, hexagonal, or octagonal solid section furnished in straight lengths.

Shmpe A solid section other than regtangular, square, or standard rod and wire sections, furnished in straight
]ﬂngths vy bt 4 .

- Sheet. A flat rolled product up to and-including 0.188 inch in thickness and over 20 inches in width.

_ Strip. A flat product, other than Flat Wire, up to and including 0.188 inch in thickness and generally furnished as
follows: )

(1) With slit, sheared or slit and edge rolled edges in widths up to 20 inches, inclusive.
) With finished drawn or rolled edges in widths over 1-1/4 inclies to 12 inches, inclusive.
Tube. A hollow product of round or any other cross-section, having a continuous periphery.

Wire. A solid secnon, other than strip, furnished in coils or on spools, reels, or bucks. (Square and rectangu]ar
flat wire, however, may also be furnished in straight lengths See Flat Wire above.) -
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1. FLAT PRODUCTS, WITH UNFINISHED EDGES. COLD ROLLED

These products include Bar, Pjate, Sheet, and Strip with slit, slit and edge rolled, sheare@, sawed, or ma;:hined

edges.

la. Nonrefractory Alloys
1a(1). Thickness Tolerances. .

e

Tolerances, inch
Width, inches
: Over 8 Over 12 Over14. Over20 Over28 Over36 Overds
Thickness, Upto8 toll to 14 t020. 028 tod6 1048 to6D
inches incl, incl. incl, incl. incl. incl. incl. incl.
STRIP SHEET
Up to 0.004 incl. 0.0003 0.0006 0.0006 — - - - -
Over 0.004 to 0.006 incl. 0004 20008 .0008 0.0013 — - - -
Over 006to .009incl, 0006 0010 0010 0015 - - - -
Over 009to .013incl. 0008 0013 0013 00181 0.0025 0.003 00035 0.004 .
Over 013to 0.17incl. 0010 .0015 0015 .002 0025 003 0035 0045
Over .017to 021 incl. 0013 0018 0018 .002 003 0035 004 005
Qver 021 to .026incl. 0015 002 002 .0025 003 .0035 004 005
Over 026to .037incl. .002 002 002 0025 0035 004 £05 006
Over 037to .050incl. 002 .0025 0025 .003 004 005 ..006 007
Over .050to .073incl. 0025 003 003 0035 005 006 007 008
Over 073to .130incl. 003 0035 0035 004 006 007 v 008 010
Over .130to .188incl. 0035 004 .004 0045 007 .008 010 012
BAR PLATE '
Over 18810 205incl. | 0.0035 0.004 0.004 (0.0045 0.007 0.008 0.010 Q.012
Over .205to .300 incl. .004 .0045 .0045 005 .009 .010 012 014
Over .300to .500incl. 0045 .005 005 .006 012 013 015 018 .
Over 500to .750incl. .0055 .007 007 .009 .015 017 019 023 .
Over .750to 1.00 incl. .007 000 009 011 018 021 024 - 029
Over 1.00 to 1.50 inel. 022 022 02 02 022 025 029 036
Over 1.50 to 2.00incl. 026 026 026 026 026 030 036 044
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1. FLAT PRODUCTS, WITH UNFINISHED EDGES, COLD ROLLED (con. )

1a(2). Width Tolerances.

- C o TREEL

alil o £

P R o c T,
ul LTRV)Y l.l.ll

1

diig (e.g.; slit, sheared, sawed).. .

A

Fed. Std. No. 146 A
- i

{ 1) Width To[erances, ‘General Purpose These tolerances are applicable unless otherwise’ spec:f“ ed. by

- - - o ;l'olemncw, inch
. . C b For lengths over
= LRI - " TT.Ferlemgthup to 10 feet, i, - b - 104
| *tol/rlam Over 1/16 in. to | Over 1/8 .
- - - Width, inches_ _ . thidk inel 1/8 in. thick, incl.|. in. thick . | AUl thicknesses
P T Rt
‘Up to 12, incl. 1/32 364. | 1716 1/16°
Over 12 to 120, incl. iji6 ifi6 /16 ~ ifie6
1a{2.2). Width Tolerances; Siit Metal, and Slit Metal with Rolled Edges.
it 1 Tolersnces, inch
. --0.004 to - Over 0.032 to Over 0.125 to ‘| Over 0.188 to
‘ . 0.032inch + . 0.125 inch " 0.188 inch 0.500 inch
i Width, inches . .- thick, incl. thick, incl. thick, incl. thick, incl.
[ Up o0 2, incl. - " 0.005 0.010 0012 0.015
X Over 2 to 8, incl. ’ 008 013 015 015
Over 8 to 20, incl. ©1/64 1/64 1/64 1!32
1a(2.3). Width Talera_n'ces; Square Sheared Metal. - ,
" -, ) R Tolerances, inch
Up to 1/16 inch Over 1/16 to 1/8 Over 1/8
Width, inches thick, incl. inch thiek, incl. inch thick
Up to 20, incl. 1/32 RET 1/i6
Over 20 to 36, incl. . - -~ .3/64 . 3fed. - 1/16
Over 36 to 120, incl. 3 e 116 . 1/16 “1/16
“ ) ) . : N F] i ‘ N : a
| M ‘I ] o
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1. FLAT PRODUCTS, WITH UNFINISHED EDGES, COLD ROLLED (con.)

1af{2.4). Width Tolerances; Sawed Metal.

. 3 £ F 9“"‘
Tolerances, inch ‘
Lengths over
Lengths up to 10 feet, incl. } 10 feet
‘ Up to 1-1/2 inch Over 1-1/2 |
Width, inches " thick, incl. | inch, thick All thicknesses
Up to 12, incl. ] 1/32 . 16 1/16
Over 12 to 120, incl. W 1/16 : B8 16 1/16
L : 22 N Lol § 11T :
¥ £o8

lal(3). Length Tolerances.

e . an ' -
la3.1). Length Tolerances; General Purpose. These tolerances are applicable unless otherwise specified by
method of finishing.

A . Applicable only to full

- Lengths : length pieces, inch®
Specific lengths, - -
. up to 10 ft, incl. o i/4
. over 10 ft. to 20 fi., incl. , .12
Specific lengths with ends ib
Stock lengths with or with-

out ends : L

- 4

#Tolerances are all plus; if all minus tolerances are desired, use the same

values: if tolerances plus and minus are desired, halve the values given.
0

YIn the case of specific or stock lengths with gndé, applicable to full
length pieces only.

' 1af3.2). Length Tolerances; Square Sheared Metal.

' Tolerances, inch
Up to 1/16 inch Over1/16t01/8 |  Over1/8
Length, inches : . thick, incl. inch thick, incl. inch thick
Upto20,incl. | 1/32 3/64 1/16
Over 20 to 36, incl.’ ' ' 3/64 : 3/64 1/16
Over 36 to 120, incl. ' 1/16 1/16 1/16

Sl
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1. FLAT PRODUCTS, WITH UNFINISHED EDGES, COLD ROLLED (con.)

1af3.3). Length Tolerances; Sawed Metal.

. Fed. Std. No. 146 A

5 " Width; inches

Length toferance, inch

Up to 120, incl.

1/4%

Tolerance is all plus; if all minus tolerance is desired, use
the same value. If plus and minus tolerance is desired, halve

the value given.

la(4) Schedule of Lengths, This schedule covers specific and stock lengths w:th ends It is not applicable to

sheet or plate over 24 inches wide.

Thickness, inch

Over Over

Upto 0050t0 | 0.125t0 .

Nominal Length, feet 0.050 0.125 incl. 0.250 incl.
Al B Al B A | B
Incl. 6 to B, excl. 4 20 4 25 3 30
Incl. 8 to 10, excl. 6 25 5 30 4 35
Incl. 10 to 14, excl. "7 130 6 t 35 5 40

A - Minimum length of shortest piece, feet.
B - Maximum permissible weigth of ends, percent of lot weight.

1a(%). Straightness Tolerances. Stralghtness tolerance is the maximum edgewnse curvature (depth of arc) in any

6-foot portion of the total length.

-

Ie{5.1). Straightness Tolerances, General Purpose These talerances are applicable unless otherwnse specified by

‘method of finishing (e 24 sheared, sawed).

Tolerances, inches

_ Sk, and straightened
Slit only . or edge rolled rolls, |
Width, inches Rolls Flat flat, or on bucks

Over 1/4 to 3/8, incl. 1-1/2 172
Over 3/8 to 1/2, inci. i-1/2 i i/2
Cver 1/2 to 1, incl, ! -3/4 1/2
Over 1 to 2, incl. 5/8 5/8 3/8
Over 2 to 4, incl. 1/2 1/2 3/8
Over 4 3/8 3/8 3/8
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1. FLAT PRODUCTS, WITH UNFINISHED EDGES, COLD ROLLED (comn.)
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1a(5.2). Straightness Tolerances; Slit Metal, and Slit Metal with Rolled Edges. Same a3 Ta(5.1).

I A
TERNE:

laf5.3). Straightness Tolerances; Square Sheared Metal.

e

Tolerances, inch
' Up to 10 inches Over 10 inches
Thickness, inches wide, lilcl wide
Up to 1/8 incl. " 116 1/32
Over 1/8 to 3/16 incl. 1/87 3/64
Over 3/16 1/8X 1/16
laf5.4). Straightness Tolerance; Sawed Metal.
Tolerance, inch
Up to 3 inches wide, incl. Over 3 inches wide
1/16 3/64
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1. FLAT PRODUCTS, WITH UNFINISHED EDGES, COLD ROLLED (con.)

1b. Refractory Alloys
lb(l) Thickness Tolerances.

Tolerances, inch
b Width, inches
T Over8, Over12  Over14 Over20 Over28 Over36 Over48
a Upto8 to 13; gto 14 to 20 t028 . . 1036 to 48 to 60
Thickness, inches incl.. . incl, ___incl. . ind. _  imcl _ ° incl incl, incl.
. ¢ - L'T\.l ] SOl :
| : STRIP, . ‘y  SHEET
Up tc 0.004 incl. - 0.0004  0.0008.10.0008 - - M - - -

10ver 0.004 100006 incl.| 0006 0010~ 0010- 00015 | - — - - .=

e e a LT LY Y

10ver 006to 009incl.| .0008 0013. .0013 .002 - - - -

Over D09to Ol3incl.{ .0010 - .0015 0015  .0025 = - - ' —
Over .013to .017incl.| .0013 002 002 0025 - 7 - — -
QOver .017to 02lincl.] .0015 0025 0025 - 003 - = - - -

1Over .021to .026incl.| .002 0025 0025 003 | 0004 - 0005 0.006 0.007

Over 026to 037incl| w0025 003 003 0035 | 005 006 007 008
Over 037to 050incl.| 003 0035 0035 004 | 006 007 008 010
{Over 050t0 073incl.| 0035 004 004 0045 | 007 008 010 012
A |0ver 073t0 .1307RcL| 004 0045 0045 005 | 008 010 012 014
W@ |ovr 13000 a88ina| 0045 005 005 006 | o0 012 014 016
| BAR PLATE
Over 188to 205incl.| 0.0045 0005 [0.005 0006 0010 0012 0014 0016
Over 205t0 300incl.| 005 006 | 006 007 012 014 016 018
{over 300t S00incl.| 006 007 | 007 - 008 015 017 019 023
Over S00to 750incl.| 008  ©010-| 010 012 019 021 024 029
Over 750t0100inc. | 010 012 | 012 o015 023 .02 030 037
- Over100 to150incl. | 028 028 | 028 028 . 028 032 037 045
Over1.50 to 2.00incl. | 033 033 | 033 033 033 038 045 055

1b(2). Width Tolerances. Same as 1a(2).
1b(3). Length Tolerances. Same as 1a(3).
16(4). Schedule of Lengths. Same as 1a(4).
1b(5). Straightness Tolerances. Same as 1a(5).

le. Copper

. - Same as la.
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2. FLAT PRODUCTS, WITH FINISHED EDGES, COLD DRAWN OR COLD ROLLED

The products include Bar, Flat Wire, and Strip with rolled {not previously slit) or drawn edges.

'2a. Nonrefractory Alloys

2a(1). Thickness Tolerances,

Tolerances, inch J
. Width, inches '
., Overl/2  Overl:I/4  Over2.00  Over4.00  Over 8.00
|Upto1/2  tol-1/4 t0200°  t04.00 to 8.00 to 12.00
Thickness, inches incl. incl. inel, _ incl, incl. incl.
FLAT WIRE e STRIP .
Up t0 0.013 incl. 0.001 0.0013 - - - -
Over 0.013 to 0050 incl. 0013 0015 0.002 - - -
Over .050to .090 incl. 0015 002 003 10.0035 -~ -
[over .090t0 130 incl. 002 0025 0035 004 - -
Over .130to .188 incl. 003 0035 004 0045 0.006 0.008
BAR _
Over .188to .500incl. | 0.0035  0.004 0.0045 0.0045 0.006 0.008
Over .500 to 1.00 incl. - 0045 005 005 . .007 009 |
Over 1.00 102.00 incl. - 005 005 006 008 -
Igver 2.00 to4.00 incl - - - .30% - -1 '

BExpressed to the nearest 0.001 inch.

2a(2). Width Tolerances, These tolerances apply to all rectangular cross sections except squares. For squares,

il

use 2a(1). =
Width, inches Tolerances, inch
Up to 0.050 incl. 0.0013
Over 0.050 to 0.090 incl. 0015
Over .090to .130incl. 002
Over .130to .188incl. 003
Over .188to .500incl. .0035
Over .500to 1.25 incl. 005
Over 1.25 t0 2.00 incl. 008
Over 2.00 t04.00 incl, 012
Over 4.00 to 12.00 incl. .30%

10

ELPercent. Expressed to the nearest 0.001 inch.
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2. FLAT PRODUCTS, WITH FINISHED EDGES, COLD DRAWN OR COLD ROLLED (con. )

" 2a(3). lengthTolqaﬂggs.

2a(4). Schedule of Lengths.. This schedule covers specific and stock lengths with ends.

" Straight Lengths.
_ Applicable Only to
~—{~—  Lengths Full Length Pieces, inch®
| Specific tengths asbir ¢ 38
Specific lengths w1th ends 1
Stock lengths with ox;;thhout ' ey
. ends I lb T

%Tolerances are all plus, if all minus tolerances are desued
nse the same values: if tolerances plus and minus are desxred
halve the values given.

bIn the case of specific or stock lengths with ends, apphcable‘
to full length pieces only. ' -

) ] Shortest Permissible Max. Permissible ' |
: Rectangles, Area®, | Nominal Length, | lengthb in percent of | weight of ends in pet-| *
Square, side in inches |  square inches feet nominal length cent of lot weight
Up to 1/2incl. Up to 0.250incl. | 6to 14incl. 65 30
Over1/2to lincl. | Over 0.250to 1incl. | 6to 14incl. 60 40 -
Over1to 1-1/2incl. | Over1to225incl. | 6to 12incl. 50 50
Over 1-1/2to 2incl. | Over 2.25to 4incl. | 6to 12incl. 40 60
Over 2 to 3, incl. Over 4 to 9 incl. 6to 10incl. 40 60

#Width times thickness, isregarding any rounded comers ot edges.

h‘-l . . 21 P Y ) 'y
PExpressed to the nearest 1/2 foot.

2a(5). Straightness Tolerances. Applicéble to any longitudinal edge of material supplied in nominally flat
straight lengths and in rolls or on bucks. '

Flat Wire, Strip, and Bar including Square

Tolerances

For rnaterial having a cross-sectional area 0.010 square inch
and over, and a thickness 0.010 inch and over, fumlshed

l.ll Bl-lil.lslll. lﬁll!lnlﬂ, lll lU}.‘la, Of On buuka

1/2-inch maximum edgewise curvature (depth
‘of arc) in any 6-foot prtion of the total

lanath
l\dllbl.ll

or material having a cross-sectional area less than 0.010
square inch, and a thickness less than 0.010 inch, and all
material furnished on reels or on stagger wound rolls.

No' straightness tolerances established.
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2. FLAT PRODUCTS, WITH FINISHED EDGES, COLD DRAWN OR COLD ROLLED (con.)

2a(6). Standard Edge Contours. Compliance with the corner and edge radii shall normaily be determined by
estimation with standard radius gages or direct comparison with radius gages of the particular minimum and
maximum permissible radii. If agreement cannot be reached, then final determination shall be made by projection at
a suitable magnification of an image or silhouette of the specimen onto a screen in an instrument such as a contour
projector. Here, direct comparison shall be made with an accurately drawn outline of the maximum and minimum

contours. o
Products with edge or comner contours other than shown here are classified as shapes.

22{6.1). Standard Edge Contours, Square Corners. Unless otherwise specified in the contract or order, the
product shall be finished with commercially square corners as shown in Figure 1. Maximum permissible radius of
corners is shown below. -

Specified thickness, Maximum radius
Form inch ' of corners, inch
Flat Wire 1/32 to 1/16 incl. 1/100
and Over 1/16 to 3/16
_ stiip : (0.188) incl. ‘ 1j64
B T Over 3/16 (0.188) ‘
. Bar to 1 incl. 1/32
Over 1 - 1/16
/

Figure 1

12
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2. FLAT PRODUCTS, WITH FINISHED EDGES, COLD DRAWN OR COLD ROLLED' (con. )

24(6.2). Standard Edge Contours; Rounded Comers. When specified, the product may be finished with rounded
comners, as shown in Figure 2, to a quarter circle of a radius given in the table that follows. The tolerance on the
radivs shall be plus and minus 25 percent. The arc.of the rounded corner shall not necessarily be tangent at points
“A”, but the product shall be commercially free from sharp, rough, or projecting edges.;

2 . . Nominal radius of corners, inch
S For widths up to _ N
. i and including For widths more than{
Form Specified thickness, inch 2 x thickness 2 x thickness
'Tn A NNYTY inel n n‘ " FII“ rnnn l" Df‘t!-l
Uy W W W T e BNl W b A WAL LWL uvu "bv.
le' oo . P A ' . onlya
t.wire - ; - "
. aanv:llr . .Over 0.072 to 1 I8 incl'; U 1/ 64 Full rounded edges
" strip ' _only®
Over. 1I8 to 3[16 (0. 188) . .
incl. 1/32 1/32
- Over 3/16 (0.188) to 1 S
Bar incl,! 1/16 1/16
Overl ~1/8 1/8
A _0ver 1 / ‘ /
' 3See 2a(6.4).

Figure 2

2a{6 3). Standard Edge Contours; Rounded Edge. When specified, the product may be finished with edges
rorifided as shown in Figure 3, the radius of curvature being as shown in the table below. The arc of the rounded
edge shall be substantially symmetrical with the axis of the product. The corners “A” will usually be sharp, but shall
not have rough or projecting edges. ‘

Nominal radjus of | Tolerances on

Forms Specified thickness, inch rounded edge radius
Flat wire and strip Up to 3/16 (0.188) incl. 1-1/4 x thickness | 1/2 x thickness
Dar Nuoae T AN 1000 1 1A w thiskmans 1A e sbhinlein non
Gar VET 210 (V.1005 1-1 /& X UlICKIIEss L% K UUCRIICSS

I
L7 )]
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2, FLAT PRODUCTS, WITH FINISHED EDGES, COLD DRAWN OR COLD ROLLED (con.,)

AR T SR T

s -4 -1

Figure 3 W

2a(6.4). :Standard Edge Contours; Full Rounded Edge. When specified, the product may be finished with
substantially uniform round edges, the radius of curvature being approximately one-half the thickness of the product
as shown in Figure 4 but in no case to exceed one-half the thickness of the product by more than 25 percent. The
arc of the rounded edge shall not necessarily be tangent at points “A”, but shall be substantially symmetrical with
the axis of the product, and the product shall be commercially free from sharp, rough or projecting edges.

u ®

Figure 4

14
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ﬁ 2b(1). Thickness Tolerances.

Fed. Std. No. 146A

| .2. FLAT PRODUCTS, WITH FINISHED EDGES, COLD DRAWN OR COLD ROLLED (con.)

i Tolerance, inch
.- Width, inches
Over1/2 | Over1-1/4  Over200  Over4.00  Over8.00
, Uptol/2 tol-1/4 | to2.00 to 4.00 to .00 to 12.00
Thickness, inches incl. incl. incl, incl. incl. incl. -
FLAT WIRE STRIP
Up to 0.050incl. 0.0015 0.002 - - - -
Over 0.050 to 0.090 incl. 002 003 0.004 0.005 ° - -
Qver .090to .130incl. 003 _.004 0045 006 - -
Over .130to .188incl. 004 0045 005 007 0.009 0.012
BAR
Over .188 to 0.500 incl. ‘0.005 0.005 0.006 0.007 0.009 - 0012
Over .500to 1.0C incl, - 006 007 008 010 013
Over 1,00 to 2,00 incl. — 006 007 009 011 -
‘\Over 2.00 to 4.00 incl. - - - .50% - -

a'Perc ent.

Expressed to the nearest 0.001 inch.

2b(2). Width Tolerances. These tolerances apply to all rectangular products not including squares. (For

iquares use table 2b(1).)

a~Percoam_t .

Width, inches Tolerances, inch
Up to 0.050 incl. 0.,0015
Over 0.050 to 0.090 incl. 002
Over .090 to .130incl. 003
Over .130to .188incl. 004
Qver .188to .500incl. 005
Over .500to 1,25 incl. 007
Over 1.25 to 2.00 incl. 010
Over 2.00 to 4.00 incl. 015
Over 4.00 to 12,00 incl. .508

Expressed to the nearest 0.001 inch.

15
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"2. FLAT PRODUCTS, WITH FINISHED EDGES, COLD DRAWN OR COLD ROLLED (con.)

2b(3).

In{4), Schednle of I

2b{(4). Schedule of Lengths,

Sar

Length Tolerances.  Same as 2a(3).

s 2al4)
Zala),

26(5). Straightness Tolerances.  Same as 22(5).

2b(6). Standard Edge Contours. Same as 25(6).

2c. Copper

2¢(1). Thickness Tolerances,

La~n™h oop

Tolerances, inch )
" Width, inches
Over1/2 Over1-1/4 Over2.00  Over400  Over 8.00
Upto1/2. to 1-1/4  to2.00 to 4.00 to 8.00 to 12.00
Thickness, inches incl. incl, incl. incl, incl, incl.
FLAT WIRE STRIP
Up to 0,013 incl. 0.001 0.001 - - - -
Over 0.013 to 0.050 incl. 0013 0013 | 0.0015 - - - .
Over .050 to .090 incl. 0015 0015 002 0.0025 - - | A
Over 090to .130 incl. 002 002 0025 003 0.0035 - . '
Over .130to .188incl. 0025 0025 003 0035 004 0.005 3
BAR
Over .188to .500 incl. 0.003 0.003 0.0035 0.004 0.0045 0.0055°
Over .500 to 1.00 incl. - 004 004 0045 005 006
Over 1.00 to 2.00incl. - 0045 0045 005 006 -
Over 2.00 to 4.00 incl. - - - .308 - -,

a .
Percent. Expressed to the nearest 0.001 inch.

2¢(2). Width Tolerances. Same as 2a(2).

2¢(3). Length Tolerances, Same as 2a(3).

2c(4). Schedule of Lengths, Same as 2a(4).

2c(5). Straightness Tolerances. Same as 2a(5).

2¢(6). Standard Edge Contours.  Same as 2a(6).

16
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————

3. FLAT PRODUCTS, HOT ROLLED (PLATE AND SHEET) L
3a, Nonrefractory AIons

| 3a(l) ‘l‘hiclum Tolennees No thickness tolerances have been established for hot rolled products. These
products should be ordered according to weight tolerances (3a(7)).

32(2). Width Tolerances. Same as 1a(2). - .
3a(3). Length Tolerances. Same asl_a(3).\

; 3u(4). Schedule of Lengths. Same as 1a(4).

3a(S). Straightness Tolerances. Same as 1a(5).
30(6). Standard Edge Contours. - Not applicable.
| 3:1(7) Lot Weight Tolerances. These tolerances are expressed as percentages of the theoretical weight of the lot

(five or more plate or sheet) of the same specified dimensions; when ordered to thickness. The tolerances of lots of
less than -five plate or sheet shall be governed by the tolerances of individual plate or sheet. The weight of any

individual plate or sheet may vary from the nominal by not more than one-third (1/3) in excess of the tolerances
given below. The nominal weight for the various ailoys are given in the succeeding table.
A Weight tolerances, percent (plus and minus)
' Width, inches
Up to 48 Over48to Over60to  Over72to =~ Over90to
j Thickness, inches incl. 60 incl. 72ind.  90ind. 110ind.
Up to 1/8 incl. 8 912 . 1l 1242 14
Over 1/8 to 3/16 incl. 6-112 8 9-1/2 11 ' “12-142
Over 3/16 to 1/4 incl. 6 7-112 &2 9 - 10
. N Ovelf 1/4to516incl. | $-1/2 7 - 8 : 8-1f2 9
b Over 5/16t0 3/8incl. | 5 6 7 712 . 8
: Over 3/8 to 7/16incl. | 4-1/2 5 6 7 7-1/2
Over 7/16 to 1/2 incl. 4 4-1/2 5-1/2 6 6-1/2
} Over 1/2 to 5/8 incl. 3-1/2 4-1f2 5 5-1/2 6
Over 5/8 to 3/4 incl. 3 4 ' 41/2 5 5-1/2
* Over 3/4 to 1 incl. 2-3/4 3-1/2 4 4-1/2 5
| Over1to1-1/2incl.. - 2-1/2 3 : 3-1f2 4 4-1/2
|’ Over 1-1/2to 2 incl. - 2-1/4 2-3/4 3-1/4 3314 41/4
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3. FLAT PRODUCTS, HOT ROLLED (PLATE AND SHEET) (con.)

Nominal Unit Weights
Copper or Copper Allo) Previous Trade Name Weight
lOONt]:')migsI;nc!. Copperperéent Founds ge Iy cuble da. ‘
280 Muntz Metal 303 '
464 Naval Brass 304
510 Phosphor Bronze, 5(A) 320
606 Aluminum Bronze, § 295
612 Aluminum Bronze, 8 281
618 Aluminum Bronze, 10 274
655 High-Silicon Bronze, (A) 308
| 675 Manganese Bronze, (A) 302
323

Copper Nickel, 30

715

3b, Refractoi'y Alloys

3b(1). Thickness Tolerances. Same as 3a(1).

: , 3b(2). Width Tolerances. Same as 1a(2).
| 3b(3). Length Tolerances. Same as 1a(3).

‘ 3b{d). Schedule of Lengths. Same as 1a(4).

3b(5). Straightness Tolerances, Same as 1a(5).

3b(6). Standard Edge Contours, Not applicable.

3b(7). Lot Weight Tolerances.

Same as 3a(7).

4. BAR, COLD DRAWN OR COLD ROLLED

Same as Sections 1 and 2, FLAT PRODUCTS.

18
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5. BAR, AS EXTRUDED

Sa. Nonrefractory Alloys

Sa(ll) Tolerancm on Dtameter or Dmtance Between Parallel Su.rfaees These tolerances -cover round, square,
rectangular, hexagonal and’octagonal rod ‘and bar.

Diameter or distance between A
parallel surfapes, inches Tolerances, inch

Up to 1.0Cincl. 0.010

Over 1 00t0200mc1. 015

Over 2.00 to 3.00 incl. R 025

Over 3.00 to 3.50 incl. 035

Over 3.50 to 4.00 incl. ‘ , 060

5a(2). Length and Straightness Tolerances. No commercial tolerances have ‘been established but ghall be as
agreed upon between the purchaser and suppher at the time of purchase.

5b. Refractory Alloys

$b(1). Tolerances on Diameter or Distance Between Parallel Surfaces. These tolerances cover round, square,
rectangular, hexagonal, and octagonal rod and bar.

Diameter or distance between : ' _
 paralle] surfaces, inches Tolerances, inch

Upto1.00incl. . t ' 0.020

Over 1.00 to 2.00 incl. .030

Over 2.00 to 3.00 incl. 050

Over 3.00 to 3.50 incl. X 070

Over 3.50 to 4.00 incl. ' 120

§b(2). Length and Straightness Tolerances, -Same as 5a(2).

5¢. Copper
Se(1). Tolerances on Diameter or Distance Between Parallel Surfaces.  Same as Sb(1).
5c(2). Length and Straightness Tolerances. Same as 5a(2).

6. ELAT WIRE |

Same as Section 2, Flat Products.

19




Downloaded from https://www.everyspec.com

Fed, Std. No. 146 A

7. PIPE

7a..

Nonrefractorj Alloys

7a(l). Dimensions, Weights, and Tolerances, Standard Pipe Sizes (SPS).

7a(1.1). Regular Pipe {(R). All tolerances plus and minus except as
otherwise indicated,
' ]
Nominel Weight,
Nominal Wall Thiskness & Tolerance, inch Copper Alloy
Nos. 230 & 651,
’ Abs, per ft,
Nominal Average Oute Reguler (R) Extra Strong {X8)
Stendard Qutside side Diameter Extra
Pipe Size,| Diameter, Tolerancesﬂ? Wall b Wall Regular | Strong
inches ineh (all mious) ) Thickness Tolerance-/ Thickness _Tg_l,g];e.ncey (Rl (¥s}
1/8. 0.405 0,004 0.062 0.004 0,100 0.006 0.253 0,363
/4 . 540 .004 .083 ,005 123" .007 447 L611
3/8. 675 .005 .0%0 .005 127 .008 .627 .829
1/2 .B40 005 .107 .006 149 .0o8 C 934 | 1.23
3/, 1.050 006 A1 .006 .157 009 1.27 1.67
1 1.315 .006 .126 007 182 010 1,78 2.46
1-1/4 - 1,660 .006 146 .008 19 .010 2,63 3.39
1-1/2 1.900 .006 150 .008 .203 .01l 3,13 4.10
2 ’ 2.375 L008 .156 009 221 012 4,12 - 5,67
2-1/2° 2.875 .008 .187 010 .280 015 5.99 8.66
3 . 3.500 .010 .219 L0112 .304 016 8,56 11.6
31/2 4,000 L010 .250 013 . 321 017 11.2 14,1
4 ‘ 4.500 012 .250 L014 L3441 .08 12.7 16.9
5 . 5.562 L0z .250 014 .375 ,019 5.8 23.2
6 6,625 ,016 .250 014 437 029 19,0 32,2
8 B.625 ,020 312 022 . 500 ,035 30,9 48.4
110 10.750 .022 . 365 .030 . 500 .040 45,2 61,1
12 12,750 024 375 .030 —— —— 55.3 -——

®The average of the maximum and minimum outside diameters, as determined at any ‘one cross-sectlon
of the pipe,

b

Maximam deviation et eny one point,

longer applicable.

7a(1.2). Extra Strong Pipe (XS) - See 7a(1.1).

7a(2). Weight and Wall Thickness Tolerances.
For wall thickness tolerances, see 7a(l.1).

7a(3).

7a(4).

Length Tolerances,
1/2 inch, minus 1/2 inch,

Squareness of Cut.

any pipe shall not exceed the following:

20

Upto 5/8inch 0.D., 0.010 inch
- incl.
Over 5/8 inch O.D. 0.016 inch per inch of

diameter

Weight tolerances
Standard length: 12 feet; tolerance:

The departure from sguareness of the

no

plus

end of

A

" l.5

e e
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7. PIPE (con.)

7a(5). Roundness Tolerances. These tolerances are applicable for pilpe
in any drawn temper in straight lengths. The deviation from roundness is
measured as the difference between major and minor outside diameters, as.
determined in any one cross-sectlon of the pipe. Compliance with the
rounkdness tolerances shall be determined by taking measurements on the out-
side diemeter only, irrespective of the manner in which the dimensions are
specified; whether outside diameter and wall thickness, outside dlameter
and inside diameter, or inside diameter and wall thickness

T/D
(Ratio of nominal wall thickness Roundness tolerances, percent of nominal outside |
to nominal outside diameter) diameter (Expressed to the nearest 0.001 inch) :
Percent

0.01 to 0.03, incl. 1.5

QOver 0.03 to 0.05, incl. 1.0

Over 0.05 to 0.10, incl. 0 8 or 0,002 in., whichever value is greater
© QOver 0.10 0.7 - or 0.002 in., whichever value is greater

7Tb. Refractory Alloys
7b(1). Dimensions, Weights, and Tolerances, Standard Pipe Sizes (SPS).

7b(1.1). Regular Pipe (R). Same as 7a(l.l) except for nominal weight
Applies to copper alloy numbers 655 and 658,

21
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Standard Nominal Weight,
Pipe Size, . pounds per foot
inches Regular (R) - Extra Strong {%S)
1/8 0.247 0.354
1/4 .438 .596
3/8 .614 .808
1/2 914 1.19
374, : 1.24 1.63
1 1.75 2,39
1-1/4 2.57 3.30
1-1/2 3.05 4.00
2 4.03 5.53
2-1/2 5.85 8.44
3 8.34 11.3
3-1/2 10.9 13,7
A 12.3 16.5
5 15.4 22.6
6 18.5 31.4°
g8 30.2 47.2
10 44,1 59.5
12 53.9 —

70(1.2). Extra Strong Pipe (XS). Same as 7a{l.l) except for nominal

weight, For nominal weight, see 7b(1l.1).

70(2). Weight and Wall Thickr

....... =R =Ll S==

ckness Tolerances, Weight tolerances n
longer applicable. For wall thickness tolerances, see 7a{l.l).

7b(3). Length Tolerances., Same as 7a({3).

7b(4). Squareness of Cut. Same as 7a(4

).

7b(5). Roundness Tolerances. Same as 7a(5).

'7c. . Copper

7¢(1l). Dimensions, Weights, and Tolerances, Standard Pipe Sizes (SPS).

7¢(1.1). Regular Pipe (R). Same as 7a(1.l), except for nominal weight

22
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Standard Nominal Weight,
Pipe Size, pounds per fcot
inches Bepular (R) Extra Strong (XS)
1/8 0,259 0.371
1/4 457 625
3/8 641 L8417
1/2 .955 1.25.
3/4 1.30. 1.711
1 1.82 2.51
1-1/4 2,69 3.46
1-1/2 3.20 4.19
2 4.22 5.80
2-1/2 6.12 . 8.85
3 8,75 11.8
C 312 11.4 14 .4
4 12.9 17.3
5 16.2 23.7
6 19.4 - 32.9
g8 31.6 49.5
10 46.2 62.4
12 56.5 —-——

Extra Strong Pipe (XS).

Same

weight, For nominal weight, see 7c(1.1).

as 7a(l.l), except for nominal

7¢(2). Dimensions, Weights, and Tolerances, Threadless Copper Pipe (TP)

Sizes,

23
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Tolerances, inches
. . . Cross Average Outside | Wall Thickness
Nominal Dimensions, inches Sectional | Neminal Weight, Diameter® Tolmb,
Standard Pipg Outside | Inside Wall Area of Bore, Pounds Tolerances, Plus and
SiZe, inches | Diameter | Diameter | Thickness | Sq. in. Per Foot All Minus Minus
1/4 0.540 0410 0.065 0.132 0.376 0.004 0.0035
3/8 675 545 065 233 483 004 .004
1/2 840 10 |- 065 396 613 005 004
3/4 1.050 920 .065 ' 665 780 005 004
1 1.315 1.185 065 1.10 .989 005 004
1-1/4 1.660 1.530 065 1.84 1.26 006 004
1-1/2 1.900 1.770 065 2.46 1.45 .006 004
2 2.375 2.245 065 396 1.83 007 .006
2-1/2 2.875 2,745 065 592 2.22 : .007 006
3 3.500 3.334 083 3873 345 008 007
3-1/2 4.000 3.810 .095 114 4,52 008 007
4 4.500 4.286 107 144 572 010 009
5 5.562 5.298 132 220 8.73 012 010
6 6.625 6.309 .158 31.3 12.4 T .014 .010
8 | 8.625 8.215 .205 530 21.0 ,, .018 014
10 10.750 10,238 256 823 327 018 D16
12 12750 12.124 313 115. 474 018 020

The average of the maximum and minimum outside diameters, as determined at ony oné cross section of the tube.

. bMaximum deviation at any one point,

7¢(3).
longer applicable,

Weight and Wall Thickness Tolerances,

7¢(4 ). Length Tolerances.

Standard Length
Pipe length, feet tolerances, inch
SPS 12 t1f2
TP, up to 10 inch, incl. 20 +1, -0
TP, 12 inch 15 +1, -0

Same as 7a(4).
Same as 7a(5).

7e(5). Squareneés of Cut,

7e(6). FRoundness Tolerances.

8. PLATE, COLD ROLLED
Same as Section 1, Flat Products,

9, PLATE, HOT ROLLED _
Same as Section 3, Flat Products,
24

Weight tolerances no
For wall thickness tolerances, see 7a{l.l).
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10. PLATE, CONDENSER TUBE

10a. Nownrefractory Alloys

Fed. StdNo. 1464

s

10a(1). Thickness Tolerances. These tolerances apply only for a distance of 7 inches inward from the edges of

the plate as ordered.

Tolerances, inch
Diameter or width, inches
‘ Over36 Over60 Over96
Upto36 to60 to 96 to 132 Over 132to  Over 16810 Over 204 to
Thickness, inches incl. incl. incl. incl. 168 incl. 204 incl. 240 incl.
Over 0.300 to 0.500, 0.025 0.0ﬁ7 0.029 0.031 0.034 0.037 0.040
incl. . :
Over 0.500 to 0.750, 028 030 032 035 038 041 045
incl. : I
Over 0.750 to 1.000, 033 .035 037 040 043 046 050
inct.
Over 1.000 to 1.500, 038 .040 042 045 .048 051 055
incl
Over 1.500 to 1.750, 043 045 047 050 053 056 060
incl.
Over 1.750 to 2.000, 050 055 062 065 067 070 080
incl.
Over 2.000 to 5.000, 058 062 065 - - - —
incl. ' '

102(2). Diameter, Length or Width Tolerances. These tolerances are all plus, If all minus tolerances are desired,

use the same values. If plus and minus tolerances are deslred halve the values. b
Diameter, length or Tolerances, inch

width, inches (all plus)

Up to 36, incl. 3/64

Over 36 to 60, incl. © 116

Over 60 to 96, inél. 332

Over 96 to 132, incl. 7/64

Over 132 to 168, incl. 1/8

Over 168 to 204, incl. 9/64

Over 204 to 240, incl. 5/32
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10. PLATE, CONDENSER TUBE (con.)

10a(3). Flatness Tolerances. These tolerances are applicable to one side of plate only, but do not apply to a
marginal area 7 inches wide around the edge of the plate for which no tolerances are established. They represent the
greatest permissible depth of arc between a straight edge and the plate when measured by applying a 72-inch straight
edge when the size permits or a shorter one equal to the dimension to be inspected. ‘

Tolerances, inch
Diameter, length, or width, inches
Copper Alloy Thickness, | Up to 36, Over36to | Overélto
Numbers Previous Trade Name inch incl. 60 incl. 240, incl.
365 to 368 incl. Leaded Muntz Metal Over 0.300 0.050 0.055 0.060
442 to 445, incl. Admiralty Metal Over 0.300 .050 . 065 075
464 to 467, incl. | Naval Brass Over .300 050 .055 060

10b. Refractory Alloys .
10b(1). Thickness Tolerances. Add 25 percent to the tolerances listed in 10a(1).
10b(2). Diameter, Length, or Width Tolerances. Same as 10a(2).

10b(3). Flatness Tolerances. These tolerances are applicable to one side of plate only, but do not apply to a

_ marginal area 7 inches wide around the edge of the plate for which no tolerances are established. They represent the

greatest permissible depth of arc between a straight edge and the plate when measured by applying a 72-inch straight
edge when the size permits or a shorter one equal to the dimension to be inspected.,

i Tolerances, inch
Diameter, length, or width, inches
Copper Alloy Thickness, |Up to 36, Over36to | Over60to
Numbers Previous Trade Name |  inch incl. 60, incl, 240, incl,
614 | Aluminum Bronze, (D} | Over 0.300 0.250 0312 0.437
to 0.499 incl.
0.500 and 125 187 250
_ over
628 Aluminum Bronze with | Over 0.300 .060 — -
Machined Surface
706 and 715 Copper Nickel Over 0.300 060 0.075. 0.090
10¢. Copper

None produced.

26

. '

=

|
|
i
l
|
|




Downloaded from https://www.everyspec.com

11. ROD, COLD DRAWN

1la. Nohrefractory Alloys

11a{1). Diameter Tolerances.

Fed. Std. No. 1464

. Tolerance, inch
Diameter or distance between Hexagons,
parallel surfaces, inches . Rounds Octagons
Up to 0.150, incl. 0.0013 0.0025
Over 0.150 to 0.500, incl. 0015 003
Over .500 to 1.00, incl. 002 .004
Over 1.00 to 2.00, incl. 0025 005
Ovel' 2.00 . lsa . 30a

éPercent. Expressed to the nearest 0.001 inch -

112(2). Length Tolerances. These tolerances are alf plus. If all minus tolerances are desired, use the same
values. If plus and minus Vtolerances are desired, halve the values given.

Lengths - Tolerances, inch? all plus
Specific lengths ‘ 3/8
Specific lengths with ends 1
Stock lengths with or wnh 1b
out ends

3A pplicable to full length pieces only.

bAs stock lengths are cut in advance of orders, departure from this

tolerance is not pracucable

11a(3). Schedule of Lengths. This schedule covers specific and stock lengths with ends.

Diameter or distance
between parallel surfaces, Nominal .
© inches length, feet A B
Up to 1/2 incl. " 6to14inc. 65 - 30
Over 1/2 to 1 incl. 6to 14 incl. 60 40
Over 1 to 1-1/2 incl. 6'to 12 incl. 50 50
0ver 1-172 to 2 incl. 6to 12 inc]. 40 _ 60

A — Shortest permissible length, expressed to the nearest lI2 foot, in percent

of nominal length,

B — Maximum permissible weight of ends, peroent of lot weight.
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11. ROD, COLD DRAWN (con.)

11a(4). Straightness Tolerances.

11a(5). Corner ;radius and radius tclerances, rounded corner hexzfgonal rod. These tolerances are applicable only

Maximum curvature
Length, feet {depih of arc), inch
Up to 2, excl. 1/32
Incl. 2 to 5, excl. 1/32 in any 2-foot portion
of the total length
Incl. 5 to 10, excl. 1/8 in any 5-foot portion
of the total length
10 and over 1/2 in any 10-foot portion
of the total length

to free cutting brass rod which has been extruded and cold drawn.

28

Distance ‘Tolerances
between Nominal Distance on distance
parallel corner aCross across
surfaces radius cormers corners,
Inches ‘Inch Inches Inch
3/8 0.041 0.420 0.008
7/16 048 490 008
1/2 055 560 008
9/16 062 .630 .008
5/8 .069 .701 008
11/16 076 .769 008
3/4 082 841 010
13/16 089 911 .010
7/8 096 980 010
‘15/16 103 1.051 010
1 110 1.120 010
1-1/8 124 1.261 .010
1-3/16 130 1.330 010
1-1/4 .138 1.402 .010
1-3/8 151 1.541 010
1-1/2 165 i 1.680 010
1-5/8 475 s 1821 010
1-3/4 192 1.962 010
1-7/8 .206 2.101 010
2 .220 2.242 010

*]

-
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11. ROD, COLD DRAWN (Cont'd)

Fed. Std. No. 146 A

Distance Tolerances
between Nominal Distance on distance - .
parallel corner 8CTOss across
surfaces, radius, corners, corners ,
Inches Inch Inches Inch
2-1/4 0.248 2.522 0.012

- 2142 ' . .275 2.802 .016
2-3/4 302 3.083 016
3 330 3.363 018
3-1/4 358 3.643 018
3.1/2 ~.385 3.923 .020

4 440 4.482 020
4-1/4 468 4.763 .020

11b, Refractory Alloys

11b(1). Diameter Tolerances,

. Tolerances, inch
Diameter or distance between Hexagons,
parallel surfaces, inches " Rounds Octagons
"Up to 0.150, inc]. 0.002 -
Over 0.150 to 0.500, incl. .002 0.004
Over .500 to 1.00, incl. .003 .005
Over 1.00 to 2.00, incl, .004 .006
Over 2.00 - .20% .ho?

a ‘
Percent. Expressed to the nearest 0.001 inch.

| 11b(2). Length Tolerances. Same as 11a(2).
11b(3). Schedule of Lengths.  Same as 11a(3).
11b(4). Straightness Tolerances. Same as 11a(4).
llc. Copper
Same as 11a.
12. ROD, AS EXTRUDED

Same as Section 5, Bar, As Extruded.
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13. ROD, HOT ROLLED, ROUND

13a. Nonrefractory Alloys

13a(1). Diameter Tolerances.

Diameéter, inches Tolerances, inch
1/4 only ©. 40,020, -0010
Over 1/4 to 3/4, incl. 0.015 ~
Over 3/4 to 1-1/4, incl. - 020 :
Over 1-1/4 to 1-1/2, incl, .030
Over 1-1/2 to 3, incl. 1/16
Over 3 ‘18 a

13a(2). Length and Straightness Tolerances. No commercial tolerances have been established but shall be as
agreed upon between the purchaser and supplier at the time of purchase.

13b. Refractory Alloys .

13b(1). Diameter Tolerances. . Same as 13a(1).

13b(2). Length and Straightness Tolerances, No commercial tolerances have been established but shall be as .
agreed upon between the purchaser and supplier at the time of purchase.

13c. Copper

13c(i). Diameter Tolerances. Same as 13a(1).

||

13¢(2). Length and Straightness Tolerances. No commercial tolerances have been established but shall be as
agreed upon between the purchaser and supplier at the time of purchase.

L]

14. ROD, SPECIAL PRODUCTS
14a. Piston Finish Rod

14a(1). Diameter Tolerances. Piston finish rod shall be supplied with the diameter tolerances shown below.

Diameter, inches Tolerances, inches
Over 1/2 to 1.00 incl, - 0.0013
Over 1.00 to 2.00 incl. : 0015
Over 2.00- - .10%

a
Percent. Expressed to the nearest 0.0005 inch.
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! . 14. ROD, SPECIAL PRODUCTS (Cont’d.)

Fed. Std. No. 1464

l 148(2). Length Tolerances. Same as 11a(2).

14a(3). Straightness Tolerances. No commercial tolerances have been established but shall be as agreed upon
| between the purchaser and supplier at the time of purchase

L 148, Shafting Rod |
14b(1). Diameter Tolerances. Same as 14a(1).
. 14b(2). Length Tolerances. Same as 11a(1).

14b(3). Straightness Tolerances.

Maximum permissible _
| . departure from . Minimum diameter
straightness for either applicable for
Length of - centerorend portion, : lengths indicated,
shaft, feet inch inches

To 6 incl. 0.005 1/2

7 : .007 .12
? 8 .009 1/2
' g 012 : 12
10 014 ’ 1/2
11 017 ’ 1/2

| 12 020 1/2
|

L=

14 028 - 5/8

£ ) nac alA
16 30 . K1

18 - 048 - 1

20 055 1-1/4
22 068 ST
24 078 1-3/4
26 094 2

These tolerances are applicable only when the following procedure for measurement is used:

} Support the shaft at two points on freely rotating supports wnth the distance between supports one-half the

‘ length of the piece to be measured. Each unsupported end will have a length of one-quarter of the total rod length,

and the portion between supports one-half of that length. Departure from straightness shall be measured at each end

and at the center by means of a dial gage mounted on a suitable movable block. Set the gage successively at the three

poinis to be measured and roiate the rod slowly and carefully to avoid vibration. The total range of dial reading at a

‘ given point divided by two is the departure from straightness at that point. The maximum permissible departure I
I

from straightness of the center or of either end portion is given in the schedule.

3
v
i 21
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15. SHAPES, COLD DRAWN OR COLD ROLLED | ’
15a. Nonrefractory Alloys

15a(1). Dimensional Tolerances Other Than Length. None established. Tolerances shall be as agreed upon by
approval of drawing at time of purchase by the purchaser and supplier.

15a(2). Length Tolerances. Same as 113(2). '

15a(3). Straightness Tolerances. 1/2 inch maximum curvature (depih of arc) in any 6-foot portion of the total
length. -

15b. Refractory Alloys

15b(1). Dimensional Tolerances Other Than Length. Same as lSa(.l).

15b(2). l.ength Tolerances. Same as 11a(2).

15b(3). Straightness Tolerances. Same as 15a(3). | I
15¢. Copper | | ' r

15¢(1). Dimensional Tolerances Other Than Length.  Same as 15a(1).

15¢(2). Length Tolerances. S?me as 11a(2). , -;. 1

15¢(3). Stmfgbtne Tolerances, éame as 15a(3). 7: |
16. SI-IAPES, AS EXTRUDED, HOT ROLLED, OR FORGED

None established. Tolerances shall be as agreed upon by approval of drawing at time of purchase by the purchaser
and supplier.

17. SHEET, COLD ROLLED
Same as Section 1, Flat Products.
18. SHEET, HOT ROLLED

Same as Section 3, Flat Products.

19. STRIP, COLD DRAWN OR COLD ROLLED

Same as Sections 1 and 2, Flat Products.
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i .20. TUBE, SEAMLESS, ROUND

20a. Nonrefractory Alloys

|

h 20a(1). Average Diameter Tolerances. The average outisde or inside diameter of a tube is the average of the
{ maximum and minimum outside diameters, or of the maxinum and minimum inside diameters, as determined at one
: ' o : .

cross-section of the tube,
‘ Specified diameter, Tolerances for inside or |
} ~ inches ' . " . outside dihmqtu, inch
}
Up to 1/8, incl. 0.002 -
Over 1/8 t0°5/8, incl. 002,
Over 5/8 to 1, incl. : : 0025 .
. "Over1to2,incl, * 003
‘ Over 2 to 3, incl, ' .004
} Over 3 to 4, incl. 005
} Over4 to 5, incl. 006 .
t Over 5 to 6, incl. 007
Over 6 to 8, incl. 008
Over 8 to 10, incl. 010

20u(2). Wall Thickness Toletances. Maximum deviation at &aiy péint. The following-

tolerances are plus and minus. If {olerances all plus or all minus are
desired, double the values glven, - . o

Tolerances, inch
Qutside diameter, inches :
1/32t0  Over}/8  Over5/8 Overl . Over2  Overd Over 7
| Wall thickness, inch | 1/8ind. to§/8incl. tolincl. to2incl. to4incl. . to7incl. to 10incl
] . . .
) Up to 0.018 0.002 0.001. 00015 0002° - . = =
Incl. 0.018 10 0.025 | .003 002 002 0025 - - -
| Incl. 025t0 035 | .003 0025 0025 003 0004 - -
| Incl. .035t0 0S8 | .003 ©.003 | 0035 0035  .005 0.007 - —
Inci. .058to .083 - 0035 004 004 006 008 0.010
| Incl. 083to .120 - . 004 005 - 005 - . 007 009 011
| Incl. .120to .165 - 005 006 006  .008 010 012
’ Incl. .165t0 .220 - .007 0075 008 010 012 - 014
Incl. .220to .284 - - 009 010 012 014 016
[ Incl. 284toc 380 - - 011 012 014 016 018
Incl. .380 and over - -~ - 58 58 6 - - é®
| - - —_

| . *percent. Expressed to the nearest 0.001 inch.
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20. TUBE, SEAMLESS, ROUND (con.)
The tolerances on a given tube may be specified with respect to any two, but not all t;hxee, of the following:
a. Qutside dimension
b. Inside dimension
¢. Wall thickness

When tube is ordered by O.D. and 1.D., the maximum plus and minus deviation of the wall thickness from the
mean at any point shall not exceed by more than 50% the values shown above. .

20a(3). Length Tolerances For Straight Lengths, These tolerances are all plus; if all minus tolerances are
desired, use the same values; if plus and minus tolerances are desired, halve the values given. These tolerances are
applicable to full length pieces only. ' :

Tolerances, inch {All pius)
Outside diameter, inches
: Uptol, | Overl
Length ind. to 4 incl, Over 4
Specific lengths: ‘
Up to 6 in., incl. 1/32 1/16 -
Over 6in. to 2 ft., incl. 1/16 3/32 1/8
Over 2 to 6 ft., incl. 3/32 1/8 1/4
Over 6 to 14 ft., incl. 1/4 1/4 1/4
Over 14 ft. 1/2 1/2 1/2
Specific lengths with ends 12 1a 1a
Stock lengths with or 12 1a 12
without ends :

n the case of specific or stock lengths with ends, applicable to full
length pieces only. As stock lengths are cut and placed in stock in
advance of orders, departure from these tolerances is not practicable.

34
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. 20. TUBE, SEAMLESS, ROUND (con.,)

FI"I.

Fed. Std. No. 1464

20a(4). Schedule of Lengths. This schedule .covers specific and stock lengths with ends.

Outside diameter, Nominal length,

inches feet A B
Up to 1, incl. 6 to 20, incl. 70 20
Over 1 to 2, incl. 6 to 20, incl. 60 25
Over 2 to 3, incl. 6 to 20, incl." 55 30
Over 3 to 4, incl. " 6 to 20, incl. 50 40

A — Shortest permissible length, percent of nominal length
(expressed to the nearest 1/2 foot).

B — Maximum pemusmble weight of ends, percent of lot

weight.

20a(5). Straightness Tolerances.

Maximum curvature
Length, feet® (depth of arc), inch
Over 3 to 6, incl. 3116
Over 6 to 8, incl. 5/16
Over 8 to 10, incl. “1/2

3For lengths greater than 10 feet, the maximum curva-
ture shall not exceed 1/2 inch in any 10 foot portmn
of the total length.

These tolerances apply to round tube in an

P, T P —— = -

They are not apput..amc to copper water tube

20a(6). Squareness of Cut.

y drawn terﬂper from 1/4 to 12 inches in

J-A P

, [Earaw l.uuc, as-exituded. Luuc Of any anfie

outside diameter, inclusive.

aalad st
aléd tioe,

Not applicable to as-extruded tube, redraw tube, or any tube fumished in coils.

Outside diameter,
inches

Maximum departure from
squareness of end of tube, inch

010
016
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20, TUBE, SEAMLESS, ROUND (con.)

20a(7). Roundness Tolerances,

(Ratio of nominzlzvaﬂ thickness to : Roundness tolerance, percent of nominal outside
nominal outside diameter) diameter (expressed to the nearest 0.001 inch)
0.01 to 0.03, incl. ‘ 15  Fercent
Gver §.03 1o 0.05, incl. , i0 .
Over 0.05 to 0.10, incl. 0.8 or 0.002 inch (whichever value is greater)
Over 0.10 0.7 or 0.002 inch (whichever value is greater)

These tolerances are applicable for tube in any drawn temper in straight lengths. They are not applicable to
as-extruded, redrawn, annealed tubes, or any tube furnished in coils, or drawn tube whose wall tIuckness is under
0.016 inch. :

Deviation from roundness is measured as the difference between major and minor outside di
determined at any one cross-section of the tube.

Compliance with the roundness tolerance shail be determined by taking measurements on the outside diameter
only, irrespective of the manner in which the tube dimensions are specified; whether outside diameter and wall
thickness, outside diameter and inside diameter, or inside diameter and wall thickness.

20b.: Refractory Alloys

20b(1). Average Diameter Tolerances. The average outside or inside diameter of a tube is the average of the
maximum and minimum outside cllameters, or of the maximum and minimum inside diameters, as determined at any
one cross-section of the tube.

Diameter to
Specified diameter, which tolerance Tolerances,

inches applies inch
Up to 1/8, incl. Inside 0.003
Up to 1/8, incl. . Outside 0025 '
QOver 1/8 to 5/8,ingl, 7 1 0025
QOver 5/8 to 1, incl. .003
Over 1 to 2, incl. 004
Over 2 to 3, incl. ] Inside 005
Over 3 to 4, incl. + or 4 006
Over 4 to 5, incl. outside .008
QOver 5 to 6, incl, ' 009
Over 6 to 8, incl. 010
Over 8 to 10, incl. ) | o3
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r . 20. TUBE, SEAMLESS, ROUND (Cont'd.)

20b(2). Wall Thickness Tolerances. Maximum deviation at any point.

| tolerances are plus and minus.

Fed. Std. No. 1464

The following

If tolerances all plus or all minus are

t desired, double the values given.

l Tolerances, inch

| . Outside Diameter, inches

1/32t0  Over 1/8 Over5/8 Overl Over 2 Over 4 Over 7

N Wall thickness, inch 1/8 incl. to 5/8incl. tolincd. to2incl. todincd. to7inc. to 10 incl
Up to 0.018 00025 0.0015 0002 00025 - - -
Incl. 0.018 to 0.025 004 0025 0025 003 — - —

| Incl. .025to .035 004 .003 003 .004 0.005 - —

| Incl. .035t0 .058 004 004 0045 0045 0065 0.009 -

| Incl. 058 to .083 - 0045 - 005 005 0075 010 0.013

. Incl. .083t0 .120 - 005 0065 0065 009 011 - 014

; Incl.. A20to .165 — 007 007 0075 010 © 013 015

| Incl. .165t0 .220 - - .009 010 013 015 018
Incl. .220to .284 - —- 012 013 015 018 .020 .
Incl. 284to 380 - — — 015 018 020 023

) Incl. .380 and over - - - 62 62 8a 8%

4Expressed to the nearest 0.001 inch,

The tolerances on a given tube may be specified with respect to any two, but not all three, of the following:

.[ When tube is ordered by O.D. and 1.D., the maximum plus and minus. deviation of the wall thickness from the

)

a. Outside dimension
!l b. Inside dimension
|
| c. Wall thickness
.‘ mean at any point shall not exceed by more than 50 percent the values shown above.
| 20b(3). Length Tolerances. Same as 20a(3).

20b{4). Schedule of Lengths. Same as 20a(4).

; 20b(5). Straightness Tolerances. Same as 20a(5).

20b(6). Squarenm of Cut. Sameas 203(6)..

. 20b(7). Roundness Tolerances. Same as 20a(7).

37




Fed. Std.

Downloaded from https://www.everyspec.com

No. 146 A

20. TUBE, SEAMLESS, ROUND (Cont'd.)

20c. Copper

20c(1).
20c(2).
20c(3).
20c(4).
20c(5).
20c(6).
20c(7).

20c(8).

Average Dismeter Tolerances.  Same as 20a(1).

Wall Thickness Tolerances,  Same as 7203(2).

Length Tolerances. Same as 20a(3).
Schedule of Lengths. Same as 20a(4). ki !
Straightness Tolerances. Same as 20a(5).
Squareness of Cut, Same as 20a(6).
Roundness Tolerances. Same as 20a(7).
Coil Length Tolerances.
20c(8.1). Specific Lengths.
a |
v
Outside For nominal lengths, feet
diameter, Over 50 to
inches Up to 50 incl, 100 incl.
Up to 2 incl. Plus 12 inches Plus 24 inches , ll

200(8.2). Mill Lengths.

38

Tolerances? percent of nominal lengths,

L4]

Outside all plus
. diameter, Over 100 feet
inches To 100 feet incl. to 2000 feet incl.
Up to 1, incl. sbor2 feet, which- ' 10® (
o ever is greater . i
Over1to 2, sPor2 feet, which- No tolerances
inel. " ever is greater established

3Applicable to full length pieces only. |

bExpressed to the nearest foot.



|
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. 20. TUBE, SEAMLESS, ROUND (con.)

20c(9). Coil Schedule of Mill Lengths With Ends. _ N e

Outside Nominal - Shortest
diameter, " length, permissible .
inches . feet length ) A
Uptol,incl. | . - Upto 100, 70%? of nom-
incl, inal length 10
Over 1 to 2, Upto100, = - 60%2 of nom- :
incl. incl. ) . inal length - 20
Up to 1, incl. Over 100 - 50 feet . - sob
to 2000, Ll ’
incl. . ) . .

A - Ma.ximum permissible weight of ends, percent of lot. weight.
Bpercent. Expressed to the nearest foot.

bouuu. pieces may be 1nc¢uo.ec1 as follows: o :
Up to 10 percent of lot weight between 50 feet and one-—quarter of
full length; and up to 40 percent between one-quarter and full length.

21. TUBE, WATER

5 TSR R .

21a. Nonrefractory Alloys

Not produced.
21b. Refractory Alloys ' _ . ' e
Not produced. ' -
2le.
Three types of copper water tube are produced:

Type K. Typical uses are applications such as underground water services, plumbing, heatmg, steam, gas, oil,
avvgan and inductrial minine whars rndoe irncdallation  ood encudan coe et T | . 1

OXYgen and nausifia piping winere codes, instaualion, and service conaitions necessitate the use of a neavy wail

tube. Commonly used with solder type, flared, and compression fittings.

Type L. Typical uses are applications such as interior plumbing, heating, air-conditioning, steam, gas, and oil
piping, and for underground drainage lines. Commonly used with solder type, flared, and compression fittings.

Type M. Typical uses are applications such as interior heating and pressure lines where engineering design
indicates its suitability. Commonly used with solder type fittings.
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21. TUBE, WATER (con.)
21c(1). Standard Dimensions and Tolerances of Diameter and Wall Thickness,
~L,
N #
All dimensions, inches
Average Outside Type K Type L pe M
Diameter Tolerances® Nominal Nominal Nominal
Standard Outside Annealed Drawn wall wall wall
Size Diameter (Soft) Temper | (Hard) Temper | thickness Tolerances® | thickness | Tolerances? | thickness Tolmncub
/4 0375 0.002 0.001 0.035 0.004 0.030 0.0035 - -
38 500 0025 001 049 004 035 0035 0.025 0,002%
1/2 625 0025 001 049 004 . .040 0035 028 . 0025
5/8 750 0025 .o, 049 004 042 003§ - -
3/4 875 003 001 065 0045 045 004 032 0035 -
1 1125 0035 0015 065 0045 050 004 035 0035
1-1/4 1.375 004 0015 065 0045 055 0045 042 0035
1-1/2 1.625 0045 002 072 005 .060 0045 049 004
2 2.125 005 002 .083 007 .070 006 058 006
2-1]2 2.625 005 002 095 007 {080 006 065 006
3 3.135 005 602 105 007 050 007 72 006
312 3.625 005 002 120 008 100 007 083 007
4 4.125 005 002 134 010 110 2009 095 009
5 5.125 005 002 160 010 125 010 109 009
[ 6.125 005 002 192 012 140 011 22 -019
. . _ .
8 8,125 006 0.002 0.004 271 M6 200 014 170 04
10 10.125 008 002 005 | 338 Mmse 250 D16 212 015
12 12.125 008 002 006 AQS Q20 280 018 254 016

40

he average outside diameter of a tube is the average of the maximum and minimum outside diameters, as determined at any one cross:
section of the tube,

DMaximum deviation at any one point.

[
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. 21. TUBE, WATER (con.)

21¢(2). Theoretical Weight.

21¢(3). Weight Tolerances. No tube shall vary

. Fed. Std. No. 146A

Theoretical Weight, Pounds per foot
Standard o
Size, inches TypeK Type L Type M
1/4 0.145 0.126 -
3/8 269 198 - 0.145
1/2 344 .283 204
518 418 362 -
3/4 641 455 328
1 839 655 A65
1-1/4 1.04 : 884 682
1-1/2 1.36 - L14 940
2 206 - L.75 1.46
2-1/2 2.93 248 2.03°
3 4.00 333 2.68 .
3-1/2 5.12 4.29 3.58
4 6.51 ©538 4.66
5 967 7.61 6.66
6 139 102 8.92
8 259 193 16.5
10 40.3 30.1 25.6
12 57.8 40.4 36.7

by more than 7 percent from the theoretical weight given in

21¢(2).
21¢(4). Length Tolerances.
Straight Lengths Coiled Lengths. - .
(Annealed (soft) or drawn (hard) temper) - -~ (Annealed (soft) temper only) -
Standard | Standard :
Standard length, Tolerance, Standard length, Tolerance,
size, inches Type feei inch. . size, inches Type feet feet
Upto8incl. | K,L,M 20 +#,0 | Uptolinc | K,L |60& 100 +2,-0
10 only LM 20 +1,-0 1-1/4&1-1/2 | K,L }60 +2,-0
10 only K 18 +1,-0 .
12 only M 20 +1,-0
12 only L 18 +1,-0
12 only K 12 +1,-0

41
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21.

TUBE, WATER (con.)

21¢(5). Squareness of Cut.

Downloaded from https://www.everyspec.com

Same as 20a(6).

21c(6). Roundness Tolerances. Same as 20{7).

22. TUBE, CONDENSER
,22a. Nonrefractory Alloys

22a(1). Outslde Diameter Tolerances. The outside diameter of the tube shall not vary from that specified by
more than the following amounts as measured by “‘go” and “no-go™ ring gages:

_Tolerances, inch
Diameter, inches 0.032 0.035 0.042 0.049 and over
Up to 0.500, incl. 0.0025 0.0025 0.0025 0.0025
Over 0.500 to 0.740, incl. 004 004 0035 .003
Over .740 to 1.000, incl. .006 .005 0045 .004
Over 1.000 to 1.250, incl. .009 .008 006 0045
Over 1.250 to 1.375, incl. 011 010 008 005
Over 1.375 to 2.000, incl. - 015 013 .006

22a(2). Lot Weight Tolerances. Not used for condenser tube.

22a(3). Wall Thickness Toletances. For tube ordered to minimum wall, no tube wall at its thinnest point shall

be less than the specified wall thickness. For tube ordered to nominal wall, the maximum plus and minus deviation
from the nominal wall at any point shall not exceed the values shown.

42

Tolerances, inch (plus and minus)
q Wall Qutside Diameter, inches
Thickness, Over 1/8 to Over 5/8 to Over1to

“inch 5/8, incl. } incl, 2, incl,
¢.032 to 0.035, incl. ) 0.003 0.003 0.004
‘Over 0.035 to 0.058, incl. 004 0045 0045
Over .058 to .0B3, incl. .0045 005 .005
Over .083to .120, incl. 005 0065 0065
Over .120to .134,incl. 007 007 0075
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. 22. TUBE, CONDENSER (con.)

22a(4). Length Tolerances.

Specified length, feet Tolerances, inch (afl plus)
Up to 15, incl. 3/32

Over 15 to 20, incl. 1/8

Over 20 to 30, incl. 5132

Over 30 to 60, incl. 1/4

Over 60 to 100, incl. 1/2

Fed. Std. No. 146 A

These tolerances apply only to straight lengths and only when the length is measured at a temperature of 20 deg.

C.(68 deg. F.).

22a(5). Squareness of Cut. Same as 20a(6).

22b. Refractory Alloys ,

221(1). Outside Diameter Tolerances. Same as 22sa(1).

22b(2). Lot Weight Tolerances. Not used for condenser tube.

22b(3). Wall Thickness Tolerances. Same as 22a(3).
22b(4). Length Tolerances. Same as 22a(4).

22b(5). Squareness of Cut. Same as 20a(6).

22c. Copper

22¢(1). Outside Diameter Tolerances. Same as 22a(1).

22¢(2). Lot Weight Tolerances. Not used for condenser tube.

22¢(3). Wall Thickness Tolemnces. Same as 22a(3).
22c(4). Length Tolerances. Same as 22a(4).

22¢(S5). Squareness of Cut. Same as 20a(6).

" 23. TUBE, DRAINAGE

23a. Nonrefractory Alloys

Not produced.

43
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23. TUBE, DRAINAGE (con.)
23b. Refractory Alloys

Not produced.
é3c. Copper =~

23¢(1). Standard Dimensions and Weights, and Tolerances of Diameter and Wall Thickness.

Nominal _ Theoretical -

Standard oD, Average O.D 2 Wall thickness, inch __| weight, pounds .
size, inches inches Tolerances, inch | Nominal | Tolerances per foot B

1-1/4 1.375 0.0015 0.040 0.003 0.650

1-1/2 1.625 002 .042 003 809

2 21125 Qo2 041 004 107

3 3.125 002 045 .004 1.69

4 4125 - 002 058 007 2.87

5 5.125 002 072 008 443

6 6.125 002 .083 008 6.10

8 B.128 +0.002 —0.004 109 011 10.6
#The average outside diameter is the average of the maximum and minimum outside diameters e

as determined at any one cross-section of the tube.
PMaximum deviation at any point.

23¢(2). Lot Weight Tolerances. Theoretical weight for the nominal dimensions in 23c(1) are for information
only. Actual weights will vary in accordance with the dimensional tolerances.

23c(3). Standard Length. Standard length for copper drainage tube is 20 feet.
23c(4). Length Tolerance. Length Tolerance for copper drainage tube is plus one inch, minus zero. .

23c(5). Squareness of Cut. The angle of cut of the end of any length may depart from the square by not more s
| than 0.016 inch per inch of diameter of the tube-

-

23c¢({6). Roundness tolerances. Same as 20a(7).

4,
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24. WIRE (OTHER THAN FLAT WIRE)

24a. Nonrefractory alloys.

24a(1). Diameter tolerances.

Fed. Std. No. 1464

Diameter or distance between
parallel surfaces, inch .

Tolerances, inch

Up to 0.010, incl.

Over 0.010 to 0.020, incl.
Over .020to .030, incl.
Over .030to .040, incl.
Over .040to .050, incl.
Over .050to .060, incl.
Over .060to .080, incl.
Over .080to ,150, incl.
Over .150to .500, incl.
Over .500to .750, incl.

: Hexagons,
Round octagons
0.0001 -

.0002 -
.0003 -
.0004 0.0008
.0005 - .0010
.0006 0012
.0008 -.0016
.0010 .002
.0015 .003
002 .004

. 24b, Refractorj/ alloys.

24b(1). Diameter tolerances.

24c, Copper.

Diameter or distance between
parallel surfaces, inch

Tolerances, inch

Up to 0.010; incl.

Over 0.010 to 0.020, incl.
Over .020to .030, incl.
Over .030to .040, incl.
Over .040to .050, incl.
Over .050to .060, incl.
Over .060to .080, incl.
Over .080to .150, incl.
Over .150to .500, incl.
Over .500to .750,incl.

) Hexagons,
Round octagons
0.0002° -

.0003 -

.0005 : -

.0007 0.002
0008 003
0010 .003
0015 004
.002 004
.002 ' .004
003 .005

24¢(1). Diameter tolerances. Same as 24a(1).
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25. BAR, HOT ROLLED
25a. Nonrefractory alloys.

25a(1). Thickness tolerances. No thickness tolerances have been established.
25b. Refractory alloys.

25b(1). Thickness tolerances. Applicable to copper beryllium alloys only.

Thickness, inches Tolerances, inch
0.420 to 0.750 0.015
Over 0,750 to 1.250, incl. 020
Over 1.250 to 1.500, incl. 030
Over 1,500 to 2.00, incl. ' 1/16
Over 2.000 to 4,500, incl. 1/8

23c. Copper.

25c(1). Thickness tolerances. No thickness tolerances have been established.

Changes. When a Federal agency considers that this standard does not provide for its essential needs, written
request for changing or adding to the standard, supported by adequate justification, shall be sent to the
Administration. This justification shall explain wherein the standard does not provide for essential needs. The
request shall be sent in duplicate to the General Services Administration, Federal Supply Service, Standardization
Division, Washington, D. C., 20406. The Administration will determine the appropriate action to be taken and will

notify the agency.

{Activities outside the Federal Government may obtain copies of Federal
Specifications, Standards, and Handbooks as outlined under General Informa-
tion in the Index of Federal Specifications and Standards and at the prices
indicated in the Index. The Index, which includes cumulative monthly
supplements as issued, is for sale on a subscription basis by the Superin-

tendent of Documents, U.S. Government Printing Office, Washington, DC 20ko2.

(single copies of this specification and other Federal Specifications
required by activities outside the Federal Government for bidding purposes
are availsble without charge from Business Service Centers at the General
Services Administration Regional Offices in Boston, New York, Wa.shington,
DC, Atlanta, Chicago, Kansas City, MO, Fort Worth, Denver, San Francisco,

Los Angeles, and Seattle, WA.

W
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. (Federal Government activities may obtaln copies of Federal Specifications,

i

=

Standerds, and Handbooks and the Index of Federal Specifications and Stendards
from established distribution points in their agencies.)
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