1.1 Scope. This specification covers lami-
nated thermosetting materials consisting
of two or more phes or layers of sheet fill-
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Jor the use of all Federal agencies,

12.1 Types, grades, and forms.
nated thermosetting materials covered by
this specification shall be of the followmg
types, grades, and forms, as specified in the

£G2ST

1.2 Classification.

Lami-

coniract or purchase order (see 6.2):

gradcs, and forms of laminated thermosetting materials

Twpe i—Cclinlvse paper-base

Form

Characteristics

uueti\. LTI
TABLE 1. Types,
i TIL-P- grade
Grade designationi
X |79 type PBM
(tubes)
XP -
XPC —
XX 3115, type PBG
(shees)
78, typ¢ PBG
(tubes)
XXP —
XXX 8115, type PBE
(sheets)
78, type PBE
(rod and tubes)
b6 o ¢4 3118, type FBE-P
(sheets)
XXXPC |3115, type PBE-P
(sheets)
ES-1 78, type NDP
(shests)
Es-2 78, p¥pe NDP
(sReets)
ES$ 18. type NDP
(sheets)

Sheets, rolled round tubes,
square and rectzagular
molded tubes.

Sheets only,

Sheets only.

Sheets, rolled tubes; molded
round square and rectangu.
lar tubes; molded round
rods.

Sheets only.

Sheets, molded round tubes,

molded round rods, rolled

round tubes, molded aquare
and rectangular tubes.
Sheets only.

Sheets only.
Sheets only.
Sheets only.

nL.AA;

neews lli

Phenolic binder. Mechanical,

o bt
Phenclic binder. Machanic

ing stock.
Phenolic binder. Mechanical: eold punch-

ing and cold lheanng stock.
Phenolis hindaew

s sdvaivViay WiILUTT.

chanical.

ai; hot punch-

r.wcu‘lcll and me-

Phenolic binder,

Electrica! and me-

chanical; hot punching stock.
Phenolic binder. Klectrical and high

seemmd Bldes
humidity.

Phenolie Binder. Electrical and high

hrvnidite e L

uuuuuuy. hot puncmnx stock,
Phenolie binder. Electrical and high

humidity; cold punching stock.
Mechanical; engraving stock.
Mechanical; engraving stock.

Mechanical; engraving stock.

FSC 19330
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TarLe . Types, grades, and forms of laminated thermosetting materials (cont’d)

Type I—Cellulose pupcr-base (cunt'd)

Grade l:lel;i-::.t:i;:ee Form Characteristics
FR-2 — Sheeis oniy. Phenolic binder. Modificd to be self-
extinguishing after source of ignition
has been removed. Electrical and high
humidity; cold punching stock, similar
to XXXPC.
FR-3 22324 type PEE Sheets only. Epoxy resin binder. Higher flexural
strength than XXXPC. Formuiated io
Le sclf-cxtinguishing after source of
ignition has been removed. Electrical
B and high humidity.
Type 11—Cellulose fabric-base
Grade ‘g‘;{:l:.fi::? Form Characteristics
Cc 15035, type FBM Sheets, rolled round tubes, | Phenolic binder. Mechanical; structural
{sheets) molded round rods.
79, type FBM
(tubes)
CE 15035, type FBG Sheets; molded round, square, | Phenolic binder. Mechanical and elec-
(sheets) and rectangular  tubes, trical.
79, type FBG molded round rods.
(rods and tubes)
L 15035, type FBI Sheets: molded round, square, Phenolic binder. Mechanical; {ine ma-
(sheets) and rectangular tubes;| chining.
molded round rods.
LE 15035, type FBE Sheets, rolled round tubes;|Phenolic binder. Mechanical and elec:
\ihééti) molded round, square, and| trical; fine machining, good moisture
79, type FBE rectangular tubes; molded | resistance.
rods and tubes round rods.
MC -— Sheets, rods. Melamine binder. Alka'i and arc re-
sistance.
~—Type 111—Asbestos-base
Grade l?:;;:;.g:ﬁe Form Characteristics
A ~ |8059 Sheets, rolled round and|Phenolic binder. Acbestos paper-base.
molded and round, square, Heat resistant.
and rectangular tubes.
AA 8059 Sheets molded round, square, | Phenolic binder. Asbestos fabric-hase.
snd rectangular tubes. Mechanical and heat resistant.
Tune IV—Glass-base
Grade %2;2‘522? Form Characteristics
G-2 — Sheets only. Thnenoiic Limoer. Siapie-fiber-typs glass
eloth: electrical and heat-resistant.
G-3 —_ Sheets and rolled round | Phenolic binder. Continuous filament-
tubes, molded rods. type glass cloth; general purpose.
G-8 15037, type GMG Sheets, rolled round tubes, Continuous-filament-type glass cloth,
(sheets) moided round rods. melamine binder: general purpose.
75, type GMG Good arc and flame resistance. Hard-
(rods and tubes) est zrade-
G-6 997 ' Sheets only. Staple-fiber-type glass cloth; silicone

resin binder. Good bond strength heat
and are resistance, low dielectric losses
and high insuiation resistance under

ol mmmdisl
himia COLAIUoNS.
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TABLE 1. Types, grades, and forms of laminated thermosetting materials (cont’s)

Type 1V—Glags-base (cont’d)

MIL-P- grade

Grade designationi Form Characteristics
G-7 897, type GSG Sheets and rolled round| Continuous-lilameni-type glass cloth,
(sheets) tubes. silicone resin binder. Good mechanical
strength, heat and arc resistance; low
dielectric Josses and high insulation re-
sistance under humid conditions.
G-10 18177, type GEE Sheets, rolled round tonbes,| Continuous-filament-type glass eloth;
molded round rods. epoxy resin binder. Extremely high
mechanical strength. Good dielectric
losses under dry and humid conditions.

G-11 18177, tyre GEB Sheets, rolled round tnbes, | Continuous-filament-type glass cloth;

molded round rods. heat resistant epoxy resin binder. Gen.
eral purpose. High flexural strength
at high temperatures,

GPO-1 _— Sheets only. Random laid glass fiber mats, polyester
resin binder and suitable fillers. Gen-
eral purpose mechanical and electrical.

GPO-2 - Sheets only. Random laid glass fiber mats, polyester
resin binder and suitable fillers. Low
flammability and self-extinguishing.

Type V—Nylon-base
Grade D?e:;; ag:::e Form Characteristics
N-1 15047, type NPG ISheet,g only. Nylon cloth-base, phenalic resin binder.
{sheets) { Excelient electricali properties under
i high humidity, good impact.
Type Vi—Ceiiulose wood-veneer-base (Compreg.)

Grade Mj el:l:; ng::: Form Characteristics

Ww-1 — Sheets, rods. Wood veneer base, parallel grain lamina-
tion, phenolic resin binder. Electrical
and mechanicai.

Ww-2 -— Sheets.

Wood veneer base, cross banded grain
lamination, phenolic binder. Electrical
and mechanical,

1 MIiL-P- designations are given for reference only; there may be a difference between the MIL-P- grade

and the Federal grade but in most cases they are identical

1.2.2 Fiinishes and colors. Laminated ther-
mosetting materials covered by this speci-
fication shali be of the foliowing finishes

(see 6.4) and colors (see 6.5), as specified
in the contract or purchase order (see 6.2).

'
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TABLE I1. Finishes and colors of laminated thermosetting materials
T Grad Finishes Colors
ype race Sheets Tubes and rods Sheets Tubes and rods
1 X Semigloss Ground or buffed?! Natural or black Natural or black!
XPp Semigloss or dull — Natural, black or —_
chocolate
XpC Semigloss or dull —_ Natural, black or —_
: chocolate
XX Semigloss or polished | Ground or buffed Natural or black Natural or black
XXP Semigloss or dull —_— Natural or black —
XXX Semigloss or polished | Ground or buffed 3 | Natural or black Natura! or black?
XXXP |Semigloss or dull —_— Natural —
XXXPC | Semigloss or dull -— Natural —
ES-1 Dull or polished Black or gray sur- -—
faces white coret
ES-2 Dull or polished —_ Black or gray sur- —_
face, white subcore,
black core¢
ES-3 Dull or polished — White or gray sur- -—
faces black coret
FR-2 Semigloss or dull —_ Natural -—
FR-3 Semigloss or dull — Natural -
a Cc Semigloss Ground or buffed? Natura} or black Natural or black?
! CE Semigloss or polished | Ground or buffed? |Natural or black Natural or black3
L Semigloss Ground or buffed? Natural or biack Natural or black?
LE Semigloss or polished| Ground or buffed Natural or black Natural or black
MC Semigioas _ Natural -
m A Semigloss Semigloss or ground | Natural or gray-black | Natural or gray-
black
AA Semigloss Semigloss or ground | Natural Natural
v G-2 Semigloss - Natural —
G-3 Semigloss Ground! Natural Naturall
G-5 Semigioss Ground? Natural Natural?
G-8 Semigloss —_— Natural —
G-7 Semigloas _— Natural —
G-10 Semigloas Ground Natural Natural
G-11 Semigloss Ground Natural Natural
GPO-1 | Semigloss —_— Natural
GPO-2 | Semigloas — Natural —_
v N-1 Semigloas —_ Natural —_—
Vi W-1 Unvarnished, var- Ground or buffed® |Natural® Natural®
nished edges only, transformer oil {in-
! transformer oil fin-| ish, standard air
ish or standard air | drying electrical
drying slectrical varnish
varnish
w2 Unvarnished, var- - Natural® -
nished edges only,
transformer oil fin-
ish, standard air
drying electriesl
varnish

11n rolied round tubes only.
2 In molded round tubes and molded round rods only.
3In rolled round tubes and molded round rods only.
¢ The colors applicable to grades ES-1, ES-2 or ES-3 shall be as follows:

Mateh standerd color chip

Color
White

27876 of Fed. Std.

No. 586
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Light grey Class II of MI
Black 27038 of Fed. Std. No. 595
W

8 Natura! color of the impregnated wood v
¢In round rods oaly.

2.1 Specifications and standards. The fol-
lowing specifications and standards, of the
ssues in effect on date of invitation for bids
or request for proposal, form a part of this
specification to the extent specified herein:

Federal Specifications:
UU-P-268—Paper, Kraft, Untreated,

T ranni ing
VWiappiiig.

PPP-B-601—Roxes, Wood, Cleated-Ply-
wood.
PPP-B-636—Box, Fiberboard.

Fed. Std. No, 102—Presgervation, Pack-
vqing. «nd Packing Levels.

Fad? Std. No. Lu—xudlmng for Domes-
tic Shipment (Civilian Agencies).

Fed. Test Method Std. No. 406—Plas-
tics: Methods of Testing.

.3 [« | AT~ n ~loacan
Fed. Std. No. 585—Colors.

{ Activities outside the Federal Government may
obtain copies of Federai Specifications, Standards,
and Handbooks as outlined under General lnforma-
tion in the Index of Federal Specifications and
Standards and at the prices indicated in the Index.
The index, which inciudes cumuilative monihly sup-
plements as issued, iz for szale on 2 suhseription
huu by the Superintendent of Documents, U. S.
Government Printing Office, Washington, D. C.
20402,

(Single copies of this specification and other
product specifications required by activities outside
the Federal Government for bidding purposes are
available without charge at the General Services
Administration Regional Offices in Boston, New
York, Washington, D. C., Atlanta, Chicago, Kansas
City. Mo., Dallas, Denver, San Francisco, Los
Angeles, and Seattle, Wash.

(Federal Government activities may obtain copics
of Federal Specifications, Standards, and Hand-
books and the index of Federai Specifications and

Standards {rom established digtribution noints in

OLVRIURTUS iiVIN TOWRMUMSLLY WiGeiivwmwis jrwvaises

their agencies.)

L-P-50%a

aiitary S, pem]wauana

MIL-E-15000—FEnamel, Equipment,

PU AT 38412

Light-Gray (Formula No. 11).
MIL-L-10547—Liners, Case And Sheet,
Overwrap; Water-Vaporproof or Wa-

terproof, Flexible.
Military Standards:

AWLTY TN INE Crwmacnlion e Dwnnade
uu.u-a 1 U-luo—ouulpuug rroceaures

and Tables For Inspection By Attri-

MIL-STD-129—Marking For Shipment
and Storage.

(Copies of Military Specifications and Standards
required by contractors in connection with specific
procurement functions should be obtained from the

procuring activity or as directed by the contracting

officer.)
3. REQUIREMENTS
3.1 Material

al.
1
1

. L T, e 1] n emmda Al baia e sAna
and tubes shall bé made o1 two OrF midre
plies or layers of sheet fillers bonded to-

gether by a thermosettmg resin such as
phenolic, melamine, silicone, epuxy or poly-
ester, with or without the addition of dyes
and pigments. Sheet fillers shall be cellu-
lose paper or fabric, asbestos paper or fab-
ric, giass fabric or glass fiber mat, nylon

Lalt
fabric, or wood veneer

3.2 Dimensicns. The size, shape, and
nominal thickness or diameter of the
sheets, rods, and tubes shall be as speci-
fied in the contract or purchase order (see
6.2).

3.2.1 Sheets.

3.2.1.1 Length and width. Unless other-
wise specified in the contract or purchase
order, the manufacturer’s standard sizes be-
tween 86 and 50 inches in width and be-
tween 36 and 96 inches in length will be

acceptable. The length and width of sheets
may vary 1 inch over or under the manu-

facturer’s standard size. When smaller-size
sheets are cut from standard-size sheets, the
tolerances on the specified length or width
ghall be as specified in table ILI.
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on lenath anl

neoe

o wie

om' standarf sheets

width

values given in the above table for each length
or width, and thickness,

Tolerances on lenE-lh_( r width? 24Up to” means “up to but not including.”
Nominal Length or width, inch
thickneas Over ©
6and | ypror | 240P |36 40d 3532 Thickness. Sheets shall be fur.
under to® : over .
i P e nished in the nominal thicknesses shown in
o1 Inch‘ % Inch|xInch |+ Inch| > Inch  tgble IV within the limits shown in table
oi.-,l.:m:;.- :/ ’ nen | veal ...V, as specified. The tolerances on thickness
CIUSIVE s ceeee WAV 47 T3 .
11/64 to 172, i Il B shall be as specified in table IV. At least 90
inclusive ......| .012 | 017 | ./52 | 116  Dpercent of the area of the sheet shall be
83/C4 to 1, within the tolerances prescribed in table
inclusive ......1 016 | 020 | 1582 | 1716 1V, and at no point shall the thickness as
1-1/16 to 1-1/2, measured vary from the standard thickness
;;g‘/‘;"':o PO 018 | 030 | 116 | 1/8 by a value greater than 125 percent of the
- »
inclusive ......| 022 | 040 : 1516 | 1/8 . specified tolerance.
1 For grade N-1, the tolerances rhall be double the
TaBLE IV. Standard thickness and tolerances on thickness of sheels
Tolerances
Grades
XPC, X
Stand- |XP, X A’ Crades Grades
t & (]
ard | XXP, . | ESL Grades| C% Grades | Grades
thick- | xxXx, Grade ES-2, | Grade | Grade | Grade G-2, G-5, | Grade w.1, |GPO-1
nes |xxxp,| © c‘és'i L | LE | AL | ¢ é"l"d N1 | weo [gpo2
RS MC cu
XXXPC o -
Tnck | = Inch | = Inch | = Inch | = Imch|= Inch|== Inch.| = Inch|== Inch{ = Tueh.|+ Inch|% Inch
0.010 0.002 — - 0.003 —_ - — | 0.002 | 0.003 — -
D16 0025 - —_ 0035 1 .003% - — 003 0035 | — —
020 .003 —_— -— 004 004 _ - 004 004 -— —
026 00365 — .005 0045 | 0045 | — —_ 005 | 0045 | — -
1/32 0035 0066 0065 | 005 | .005 _ 008 | .0065| 0086 — -
8/64 | .0045 | .0075 0075 | .0055| .0055| — 010 | 0075| 0075 | — -
1/186 | 005 0075 0076 | 006 | .006 | .018 | 010 | 0075| 0075 | — | .0075
3732 007 .009 009 007 007 018 012 009 .009 —_— 0090
i/8 008 010 010 008 008 020 012 012 010 - 0100
5/32 009 011 011 009 | .00 - 015 | 015 | .011 — | 0110
8/16 | .010 0125 0125 | 010 | .010 | 024 | 019 | 019 | 0125 | .020 | .0125
7/32 | .011 014 014 011 | 011 - 021 | 021 | .o14 | .020 | .0140
i/4 012 030 015 D24 012 028 022 022 015 020 0150
5/16 | .0145 | .035 0175 | 020 | 0145| .034 | 026 | 02 | .02¢ | 020 | .0175
3/8 017 040 020 034 017 | 038 | .030 | 030 | .032 | .020 | .020
7716 019 044 022 038 | 019 { .04¢ | 033 | .033 | 040 | .020 | .022
172 021 048 024 042 021 048 038 036 048 0% 024
6/8 024 053 027 048 024 068 040 040 054 020 027
8/4 027 .058 029 054 | 027 | o068 | 043 | 043 | 058 | .020 | .029
/8 .030 062 031 060 | 030 | .076 | .046 | 046 | 082 | 030 | .031
1 .033 065 033 065 | 033 | 08 | .049 | 049 | 066 | .033 | .033
1-1/8 035 069 .035 069 | .035 - 053 | 063 — | 085 | 035
1-1/4 037 073 037 073 037 108 055 055 - 037 037
1.3/8 .039 077 039 077 039 — 0568 058 — 035 038
1172 | 041 | .08t 041 | 081 | 041 | .a2¢ | 061 | 061 | — | 041 | 041
1-5/8 043 .085 043 085 | .043 - 064 064 — | 043 | 048
1-3/4 045 089 045 089 045 | 244 | 067 | 067 - 045 | 045
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! TABLE IV. Standard thickness and tol :rances on thickness of sheets (cont’d)
Tolerances
Crades
Stand- ;;C'-{;' Grades Grades
ard XXP, ES-, 4 4o |STade g‘;’ Grade |Grades [Grades
neas ' » ’ & X
B CE. A, G6 | G,
FRS, MC G-11
XXXPC
Ineh =+ Inch | = Inch | = Inch | = Inc .|+ Inch| = Inch |+ Inck |+ Inch|=x Inch| = Inch|x Inch
1.7/8 047 093 047 093 | 047 — 070 | 070 —_ 047 | 047
2 049 097 049 09 1 oe0 ! 60} g3 ] 073 1 — 049 | 049
Grade
G-5
only
: 2-1/4 — 105 — .- — —_ _ 079 — .060 -
lj 2-1/2 — 213 - - - — - 085 - 060
; 23/4 - | a2 - - | = | = | = | 00| — | 060 | —
3 —_ 130 — - - — - 057 — 060 —
$-1/2 - 146 — - —_ - - .110 —_ 060 -
é — 162 -_ — - _ - —_ — 060 —_
N 4172 —_ 179 —_ — - — —_ — — 060 —
5 — 150 - — — — — - — 060 —
5172 — 210 —_ — _— — —_— —_— — 060 _—
6 _— .230 — . -— -— — — . 000 —_
61/2 — 240 - — — — — — — — —_
ki — 260 —_ . — —_— _— —_ — —_— -—
1-1/2 - 280 - - - - - - —_ - -
8 — 290 - — — — - — - _ —
8-1/2 - 310 — —_ . - - - — -— —_
9 — 320 - - — — . — - — _
9-1/2 — .340 - - - —_ —_ - — - —
10 —_ .360 - —_ - —_ —_ - — — —
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TABLE V. Thickness limits of laminated

thermosetting sheets

. Thickness
Type Grade Minimum , Maximum
T Inch Inch
I X 0.010 2
XP 010 1/4
XPC 1732 1/4
XX 0.010 2
XXP 015 1/4
XXX £18 H
XXXp 015 1/4
XXXPC 010 1/4
ES-1 3/64 1/4
ES-2 0.085 1/4
ES-3 8/64 1/4
FR-2 1/32 1/4
FR-8 1/32 174
g c 1/32 10
CE 1/32 2
L 0.010 2
LE ki)t z
MC 116 2-172
a1 A 025 2
AA 1/16 2
v G-2 i/32 z
;-3 0.010 2
G-5 £10 8-1/2
"] 1/18 ]
G-7 0010 z
G-10 010 1
G-11 010 1
GPO-1 1/18 2
GPO-2 1716 2
v N-1 010 1
V1 Ww-1 3/16 b
w-2 3/16 b

3.2.1.2.1 Engraving stock sheets shall be
furnished within the thickness limits shown

in table VI, as specified in the contract or
purchase order.

TABLE V1. Thickness limits of component
parts of engraving stock sheets

Thickness
Grade Surfaces White sub-core
Mini- Maxi- Mini- | Maxi-
mum mum mum mum
" inen ! Inch Inch | inch
ES-1 0.0023 0.008 | =
ES-2 0025 | w08 | 0020 | 0035
ES-3 006 | 015 -] -

32.21.1 Lengih. Tubes are avaiiabie in
lengths which vary from 18 to 24 inches in

amall aAnteida Aiamatawme £frnm Qn Gn ‘Q
VIIGL VWLdiUe WiAlIICLEi gy 44Ul

inches in large diameters, 2nd in long-
er lengths for a number of diameters of
certain grades. The length of rolled or
molded tubes may vary within = 1 inch from
the standard length unless otherwise spec-
ified in the contract or purchase order.
When tubes cut to definite lengths are spec-
ified, the tolerances on length shall be as
ahown in table VII.

TABLE VII. Tolerances on cut lengths of

tubes
Tolerances
3/16 to 2 | Over 2 to ¢ Over 4
Length inches 0.D.,  inches 0.D., inches
inelnsive inelusive 0.D.
Inch <+ luch =+ Inch =+ Inch
8 and under 0.010 0.010 0.030
Over 3 i0 &, .
inclusive 010 015 030
Over 6 to 12,
inclusive 015 020 030
Over iZ to .
48, inclusive 030 030 A0S0

22219 1 annﬁnvl M'.. Tha eta

ndawd
oo B “eade A A% DL IIVGL W

inside and outside diameters and wall thick-
nesses shall be as shown in table VIIL
Tubes shall be ordered by specifying the
nominal inside and outside diameters.

3.22.1.2.2 Tolerances on diameter. The
tolerances on inside and outside diameters
of round rolled and molded tubes shall be
as shown in table IX,
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L-P-509a
TABLE IX. Tolerances on diameter of
round tubes
Tolerances
Nomina!} inside etAe A comtact Outside
and outside 4HBIUT wamEEsT diameter
diameters | Steel | Built-up | Ground or
mandrel | mandrel buffed
Tnch = Inch | =+ Imch | + Inch
1/8 to 28/32,
inclusive ..... | 0.003 - 0.005
8/4 to 1-15/18,
inclusive ..... 004 —_ 005
2 to 4, inclusive 008 — 008
Rolled only:
4-1/8 to 12,
inclusive .... 010 —_— 025
12-1/2 to 18,
inclusive .... 030 0003 0303
1B-1/2 to 24,
ineclusive .... .040 0752 0353
24-1/2 to 48,
inclusive .... 060 0902 0403

Tin the atsence of & mandrei of the precise size re-

TABLE X,

quired, phenolic tubes of that size can some-
times be made on a bnilt-up mandrel. In such
cases, this is accomplished by winding a phenolic
laminated rolled tube on the next smaller-size

steel mandrel, curing and grinding to the de-
sired size.

2 Grades G-5 and G-7 tubes are made on steel man-
drels only.
8 Tubes from 12-1/2- to 48-inches O.D., inclusive,

must be turned o the prescribed tolerances in

outside diameter.

4 inches shall be as shown in tables X and
X1, Wall thickness measured at any point
in any wall of any one tube of a given size
shall fall within these tolerances.

Tolerances on average wall thizkness of round rolled tubes up to 4 inches

tnside diameter

Tolerances on average wall thickness of individual tube

Nominal wall thickness? Grades TR ~£rfde-————LE‘ s Grades
YR |[FEEI e ome |osmits
m' A I‘IISII .:llt’ Afn sinwie ~ G.—__G-ii
inclusive 1.D.
Tnch = Inch = Inck | = Inch = Inch =+ Inch
0010 up to2 1/84 ........... 0.003 - — - -—
1/84 up to 1/82 ..... esececnsnns 005 — -_— — 0.008
1/22 “ptel/ls cesesesssssssssss 008 0.010 0.008 — 008
1/16 UP t0 1/B evevrerernnnenens 007 011 .009 0.015 009
1/8 up to 1/4 .......... sessnses 009 013 011 020 011
i/i to 1/2, inclusive ............. il 018 D18 020 012
TNominal wall thickness is 1/2 the difference betwees tne nomuns! inside and outside diameter specified.

D]
3 ;
2 The term “up to” means “up to but not including.

TaBLE XI.

Tolerances on average wall thickness of round moided tubes up to

PR SRS 5. PO S Jupivnpty Py

inches tnsie awmerer

Grades XX, XXX, L, LE, A Grades CE, AA
Over 1/4 1/4 to
Nominal wall thickness! 1Bt 14 | iinch | oy | 1/2 inch | Over 12
inch 1.D. ™ i 1/2 inch D i i D
indn’iv‘ 1.5, 1M iJ-). 1. 1. 1n- -n& lo .
clusive clusive
Trch 3 Tnch =+ Inch + Inch =+ Inch + Inch
1/32 up t0 1/16 «.ootnnn.. veeer | 0.008 "0.008 0.008 0.015 0.015
1/16 to 1/8, inclusive ............ 011 on o1 015 015
Over 1/8 to 1/4, inclusive ........ - 015 KiT$ 520 £20
Qver 174 t0 172, inclusive ......... —_ - 018 — 020

1 thickness is 1/2 the difference between the nominal inside md outside diameters ipecxﬁed.
p to” means “up to but not including.”
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3222 Square and rectangular molded
tubes.

32221 Length. Square and rectangular
tubes are available in lengths which vary
from 18 to 24 inches in small outside dimen-
gions, and 30 to 48 inches in large outside
dimensions. The length of tubes may vary
within =+ 1 inch from the standard length
unless otherwise specified in the contract
or purchase order. When tubes cut to spe-
cific lengths are specified, the tolerances
on length shall be as shown in table XII.

3.22.2.2 Dimensions and wall thickness.

3.2.2.2.2.1 Standard sizes. The standard
dimensions and wall thicknesses shall be
as shown in table XIII. Tubes shall be or-
dered by specifying the nominal inside and
outside dimensions.

L~P-509a

TABLE XII. Tolerances on cut lengths of
square and rectangular molded tubes

Tolerances
Outside dimensions
Length 3/16 to 2 (Over 2to 4
s X . Over 4
inches, in- | inches, in- inch
1 -clusive clusive inches
Inch ~ Inch =+ Inch = Inch
3 and under 0.010 0.010 0.030
Over 3to0 6,
inclusive .. 010 015 030
Over 6 to 12,
inclusive .. 015 020 030
Over 12 to
48, inclusive 1/32 1/32 3/64

3.2.22.22 Tolerances on dimensions. The
tolerances on inside and outside dimensions
of square and rectangular molded tubes
shall be as shown in table XIV.

TABLE XIII. Standard sizes of square and rectangular molded tubes

Inside dimension Outside dimension Wall thickness
Grade Inches Inches Inches
Minimom | Maximum | Minimum | Maximum | Minimam | Maximum

X 3/16 3-29/32 9/32 |~ 4 T 8/64 172
XX 8/18 8-29/82 9/32 4 8/64 172
XXX 3/16 8-29/32 9/32 4 364 1/2
CE 8/8 3-7/8 172 4 1/16 172
L 1/4 8-29/32 11/82 4 38/64 172
LE 1/4 8 11/32 4 8/64 1/2
A 1/4 3.7/8 11/32 4 1/16 1/2
AA 172 3-8/4 8/4 4 1/8 172

TABLE XIV. Tolerances on dimensions of square and rectangular molded tubes

Plus or minus 1 Tolerance, outside
Nopinal inside “’,;:;:"’ Nominal outside dimension

dimension v dimension Grades X, Grad

inside dimension XX, XXX, Tades

all grades A, L, LE CE, AA

Inches = Inches Inches =+ Inches = Inches

8/16 to 15/32 incl. .0.006 9/32 to 15/32 incl. 0.010 0.017
1/2 to 81/82 incl. 0.008 1/2 to 81/82 incl. 0012 0.020
1 to 1-156/16 incl. 0.007 1 to 1-15/16 inecl 0.014 0.022
2 to 4, incl. 0.010 2 to § incl. 0.017 0.025

1 These tolerances apply to tubes having a uniform nominal wall thickness in which the two axes per-
pendicular to the length sre equal or have a ratio one to the other not exceeding 4 to 1. The toler-

ances shall correspond to the appropriate inside or outside dimensions.

For example, for a rec-

tangular tube having a nominal inside dimension of 1/4 inch x 1 inch, the tolerance for the 1/4-inch
dimension will be plus or minus 0.005 inch and plus or minus 0.007 inch for the l-inch dimension.

1
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L-P-509a
TABLE XV. Tolerances on average wall thickness of square and rectangular molded
tubes
Inside dimension!
Average wall thickness Grades X, XX, XXX, A,L,LE =~ | Grade CE Grade AA
for a single tube, 3/16 to 1/4 | 1/4 t0 172 Over 172 Over 3/8 Over 1/2
inches Inech, incl. Inch, incl. inch inch inch
3/64 up to® 1716 ......... 0.008 0.008 0.010 — —
/18 upto /8 ............ 0.011 0.010 0.013 0.018 0.026
1/8uptolsd ........ 0.016 0.014 l 0.018 0.020 0.030
14upto1/2 .......c...... - | 0.018 ' o020 0.025 0.030

1 Wall thicknesses, measured at any point in any wall of any one tube of a given size, must fall within
the tolerances given. This providex a means for measuring both the tolerance in wall thickness
and the devistion from parallelism. For rectangular tubes, the tolerances shall apply to the maximum
inside dimension.

2The term “up to” means “up to but not including.”

3.22.22.3 Tolerances on wall thickness.
The tolerances on average wall thickness
for square and rectangular molded tubes
shall be as shown in table XV. Wall thickness
measured at any point in any wall of any
one tube of a given size shall fall within

thasa tglerancas
viiewv WWVAIWA iV WD

3.2.3 Rods.

3.2.3.1 Length. Molded rods or machined
grade W-1 rods are available in standard
lengths which vary from 18 to 48 inches
for small diameters, and from 30 to 48 inch-
es for large diameters. The length of mold-

ed rods or machined grade W-1 rods mav

AREREVU HiEAUET VI ssasey

vary within = 1 inch from the standard
length‘ unless otherwise specified in the con-
tract or purchase order. When molded rods
or machined grade W-1 rods cut to definite
lengths are specified, the tolerances on the
specified iength shall be as shown in table
XV1

TaBLE XVI, Tolerances on cut lengths of

POTy - PN

'mow,ea TUW

1 OleTRIICES
10 &a 9 éa 4
l/o w L‘lﬂ/lv o W s
Length inches inclusive, | inches inclusive,
in diameter in diameter
Inches = Inch =+ Inch
0 to 8, inciusive 0.010 0.010
Over 8 to 8,
inclusive ...... 010 015
Over 6 to 12,
inciusive ...... K Ki 7]
QOver 12 ....... 030 030

TW.1 grade rods may be machined to the proper

dumeur from laminated W-1 sheets.

p—t
~

3.232 Diameter. Molded rods or ma-
chined grade W-1 rods are available in di-
ameters ranging from 1/8-inch minimum to
2 inches maximum for grades XX and XXX,

1/ i-lncn mmlmum IO '! mcnes maxxmum 101'
grades C and CE, 3/16-inch minimum to 4

inches maximum for grades L and LE, and

1/4-inch minimum to 2 inches maximum for
grade G-3, G-5 and G-10, and a 3/8 mini-
mum to 4 inches maximum for grade W-1.
For grades MC and G-11, see 6.3.2. Toler-
ances on a nominal diameter from 1/8 up
to 2 inches, exclusive, shall be = 0.005
inch and between 2 to 4 inches, inclusive,
ghall be + 0.008 inch,

228 Color. The color of the g roda.

NSVEVAe aadv Wvivae L340 u , aVmaty

and tubes shall be as specified in the con-
tract or purchase order (see 6.2).

3.4 Finish. The sheets, rods, and tubes
shall be furnished with a dull, semi-gioss,
polished ground, buffed, varnished, trans-

R P
former oil, or standard air dxyuu; fuu»h, as

described in table II and as specified' in the

WU SRS Ras awsene Smo g wea s 222

contract or purchase order (see 6.2).

COlltiatlt Of Fraiiad .

8.5 Uniformity. The sheets, rods, and
tubes shall be uniform in color, opacity, fin-

ish, density, and other pnyalcz‘u pwperues.

3.6 Physical requirements, The sheets,
rods, or tubes shall conform to the applica-
ble physical requi-ements shown in tables
XVU through XXVI
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TABLE XVII. Permissible warp or twist of
laminated materials

i Maximum
PR J+ N PN
Thick_neu or outside 'r:;m;' :;:ﬂ
Form d::i?:ﬁ:r (on basis of
. 86-inch
dimension)?
Inch T Percent
Sheets 3.8 1/82 up to® 1/16 6.0
1/16 upto 1/8 2.5
1/8 o 1/4, inclusive 1.0
Over 1/4 to 8/4, 0.5
inclusive
Over 3/4 026
Tubes and 1/8 to 1/4, inclusive 2.0
molded rods®| Over 1/4 to 8/4, 1.0¢
inclusive
Over 3/4 05

Al

' A8 appiied W wWarp, this percentage expresses wne
magnitude of the depth of curvature in relation
to a longitudinal or transverse distance of 36
inches; as applied to twist, it expresses the

Aanth af snrvatnra in valatinn ¢n a distanse Af
\lcpu.l Vi UMITEVUITS A ATISUVVIE W & UVIOWRIIIWEG WA

86 inches along a line from any corner to the
diagonally opposite corner.

2 These requirements do not apply to cut pieces but
enly to shest wizes ss manufactured.

3 The value for grade G-7 is 1.5 percent.

4 The value for grade G-10 is 1.5 percent.

5 These requirements do not periain io grade M
(see 6.3.1 and 6.3.2). Grade W-1 rods may be
machined to the proper diameter from a grade
W-1 laminated sheet.

8 Mo bdoweme Muem dn?? ceamma Heem do heed mand lmaledicma M
T ADU Wil uUp w BICRIIB Up W VUL ULV JBGINULNK .

L~P-509a

TABLE XVIIL. Punching quality ?

Greatest thickness to which
punching quality requirement
applies
Grade When heated
te‘: o to 120° to
(200 E..,:raw ) 140°C. before
e punching
Inch Inch
X 1/32 3/82
XP 1/16 1/8
XPC 1/8 1/4
XX 1/32 3,82
XXP 1/82 1/8
XXX - 1/162
XXXP — 3/82
XXXPC 118 1/8
cL 1/16 8/16
CE -— 8,32
LE 1/32 8/382
A -— 1/163
AA —_ 17163
G- 1/16 1/8
G-3, G-5, G-8, G-7 i/8 i/8
N-1 1/18 3/16

1 With simple forms and special precautions greater
thicknesses than the above can sometimes be
punched. With poor dies, poor punching prac-
tice, or intricate parts, good results cannot be

POy S At ALt v ____ e & PURKY

expected in the thicknesses listed in this table.

2 Simple shapes, compound dies only.

temaenla wmla e o)

Tipie SNApes owuy.

13
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TaBLE XIX. Flezural strength requirements for sheets
| r'iexural strength measured ilatwise (eondition A)! m.nimum
Thickness, inch?
Grade 1/32 | 1/16 | 3/32 i 1/8 | 3/16
Direction of tests

LW | CwW | Lw CW | Lw | cw Lw W [ LW [ cw

Pai Pai. ~ Psi. | Pai Pai | Pei | Pai | Psi | Pai Psi
X 22,000 | 20,000 | 25,000 | 22,000 | 25,000 | 22,000 | 25,000 | 22,000 | 25000 | 22,000
XX 15000 | 13000 | 15000 | 14,000 | 15000 i 14000 | 15000 | 14,000 | 15000 | 14,000
XXX 13,500 | 11,800 | 13,500 | 11.800 | 12,600 | 11,800 | 13,500 | 11,800 | 13,600 | 11,800
XPC — —_ 10,000 8,000 | 10,000 | 8000 | 12,000 | 10,000 | 12,000 | 10,000
XP 12,000 | 10,000 | 13,000 | 11,000 | 13,000 | 11,000 ! 14,000 | 12,000 | 14,000 | 12,000
xXp 14000 | 12000 | 14000 | 12000 | 14000 | 12000 | 14,000 | 12,000 | 14,000 | 12,000
XXXP 12,000 | 10,500 | 12,000 | 10.500 | 12,000 | 10,500 | 12,000 | 10,500 | 12,000 | 10,500
XXXPC | 12,000 | 10,500 | 12000 | 10,500 | 12,000 | 10,500 | 12,000 | 10,600 | 12,000 | 10,500
ES-1 - —_ 13,500 | 13,500 | 12,600 | 13,500 | 13,500 | 18.500 —_ -
ES-2 — —_— — —_— 12,500 | 13500 | 13.500 | 13,500 | 12,600 | 13.500
ES-8 — —_ 13500 | 13,500 | 13,500 | 13,500 | 13,500 | 18,500 { 13.500 | 13,500
C 17.000 | 16,000 | 17,000 | 16,000 | 17,000 | 16,000 | 17,000 | 16,000 | 17,000 | 16,000
CE 17.0060 | 14,000 | i7.006 | 14,000 | 17,000 | 14,000 | 17,000 ; 14,000 } 17,000 | 14,000
L 15000 | 14,000 | 15000 | 14,000 | 15,000 | 14,000 | 15000 | 14,000 | 15,000 | 14,000
LE 15,000 | 13,500 | 15,000 | 13,500 | 15,000 | 13,500 | 16,000 | 13,5600 [ 15000 | 13,500
MC - —_ 16,000 | 13.000 | 16,000 | 13,000 | 16,000 | 13,000 | 16.000 | 13,000
A —_ — 13,000 | 11,000 | 13,000 | 11,000 | 13,000 | 11,000 | 12,000 | 10,000
AA — — 16,000 | 14,006 | 16,000 | 34,000 | 18000 | 12000 ! 18,000 | 16,000
G-2 18,000 | 14,000 | 20000 | 16,000 | 20,000 | 16,000 | 20000 | 16,000 | 20,000 | 16,000
G-3 18.000 | 16,000 | 20,000 | 18,000 | 20,000 { 18,000 | 20,000 | 18000 | 20,000 | 18,000
G-5 85000 | 45000 | 50,000 | 40,000 | 47,000 | 35,000 | 44,000 | 88,000 | 41,000 | 36,000
G-6 . — 18,000 | 16,000 | 18.000 | 16,000 | 18,000 | 16,000 | 17,000 | 14,000
G-7 10,000 8.000 | 20000 | 18,000 | 20,000 | 18,000 | 20.000 | 18,000 | 18,000 | 15,000
G-10 55,000 | 45000 | 55.000 | 45,000 | 55,000 | 45,000 | 50,000 | 40,000 | 50.000 | 40,000
G-11 55,000 | 45000 | 55000 | 45000 | 55000 ; 45000 | 50,000 | 40,000 | 50,000 | 40,000
GPO-1 - —_ 18.000 | 18.000 | 18,000 | 18,000 | 18,000 | 18,000 | 18,000 | 18,000
GPO-2 - -_— 18,000 | 18.000 | 18,000 | 18,000 | 18.000 | 18,000 | 18,000 | 18.000
FR-2 12,000 | 10,500 | 12,000 ! 10500 | 12,000 | 10,500 | 12.000 10,600 | 12,000 | 10,500
FR-3 20.000 16.000 | 20000 | 16,000 | 20,000 | 16,000 | 20,000 ! 16,000 | 20.000 | 16,000
N-1 10,000 9,600 | 10,000 8,500 | 10,000 | 9,500 | 10,000 9,500 | 9,600 | 9,000
W-1 —_ — —_ — - - — -— 32,000 —_
w-2 —_ — —_ - -_ ] - — — 18,000 1 15,000

[
>
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L-P-509a

riexural strength measured ifiatwise (condition A)! minimum
Thickness, inch?
1/4 I 172 | 8/4 [ 1 and over
Grade : Direction of testd
TLW |T CW | LW CcwW LW cw LW cw
Psd Psi Psi Psi. | Pai | Padi Psi |7 Pad

X 25,000 22,000 24,000 21,000 24.000 21,000 22.000 19,000
XX 15,000 14,000 15,000 14,000 15,000 14.000 18,600 12,500
XXX 18.500 11,800 18,500 11,800 13,500 11,800 12,000 10,600
XPC 12,000 10,000 — -— —-— — — —_—
XP 14,000 12,000 — - - — — —_—
XXPpP 14,000 12,000 — - _— -— —_— —
XXXP 12.000 10,600 — — -— —_— p— —_
XXXPpC 13,500 11,000 13,500 11,500 18,500 11500 12,000 10,000
ES-1 13,500 11,600 —_— — — —_— — —_
ES-2 13,600 18,500 —_— - —_ — -— —_
ES3 13.500 13,500 —_ — —_ — —_ —_
C 17,000 16,000 16,000 16,000 16,000 16,000 14,400 14.400
CE 17,000 14,000 17.000 14,000 17,000 14,000 15,300 12.600
L 15,000 14,000 15,000 14,000 16,000 14,000 14,400 13,600
LE 15,000 13,600 15.000 13,500 15,000 13,500 13,500 12,000
McC 16,000 13,000 15.000 12,000 15,000 12,000 13.500 10,500
A 12,000 10,000 12,000 10,000 12,000 10,000 12.000 10,000
AA 17.000 15,000 16.000 34.000 15,000 13,000 13,500 11,70
G-2 20,000 16,000 18,000 14.000 18,000 14,0600 16,000 12,500
Cc-8 20,000 18,000 20.000 18,000 19,000 17,000 17.000 15,300
G-b 38,000 84,000 31,200 28.500 81,200 28,500 31,200 28,500
G-6 17,000 14,000 15,000 12,000 156,000 12,000 14,000 11,000
G-7 18,000 15,000 16,000 13,000 16,000 13,000 14.400 11,700
G-10 60.000 40,000 45,000 85,000 40,000 30,000 40,000 30.000
G-11 50,000 40,000 45,000 85,000 40,000 30,000 40,000 30,000
GPO-1 18.000 18,000 18.000 18,000 —_ — —_— —
GPC-2 18,000 18.000 18,000 18,000 - - - -
FR-2 12,000 10,5600 —_— —_ - —_ — -
FR-3 20.000 16,000 —_— — —_ — —_ -—
N-1 9,000 8,600 9,000 8,600 9,000 8,500 8,000 7,500
w1 32.000 o 32,000 = 32,000 — 82,000 -
w-2 18,000 15,000 18,000 15,000 18,000 15,000 18,000 15,000
1 See 4.3.1.

2 For intermediate thicknesses, the values for the next smaller thickness shall apply.
3 LW means tested in a lengthwise direction. CW means tested in s crosswise direction.

15
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X. Impact and bonding strength

requirements for

sheets

Impact strength
(1zod), (edgewiss), | Bonding strength,
min. min.
Condition E-48/603 | Thicknesses: i/2
Thicknesses: 1/82 |inch up to maxi-
. | inch up to maximum| mum for grade,
Grade thickness for the but not over
grade, but not over 2 inches®
2 inches
Condi- | Condi-
LWt cwt tion tion
A% | D-48/50%
- Ft.-lb. per inch
of moich Pound Pound
X4 0.55 0.50 700 00
XX+ 40 35 800 600
XXX+ 40 85 950 700
XPC 60 55 - -
Xp 55 .50 -- —_
XXP 45 40 - -
XXXP 35 .30 —_ -
XXXPC —_ —_— —_ —
ES-1 25 22 - -
ES-2 25 22 — -
ES-3 25 22 -— -_—
FR-2 — — — —
FR-3 —_ - — -_—
c 2.10 1.90 1,800 1,600
CE 1.60 1.40 1,800 1,600
L 1.35 110 1,800 1,500
LE 1.25 1.00 1,600 1,500
MC 0.55 0.50 1,600 1,500
A 0.60 0.60 700 800
AA 8.60 3.00 1,800 1,800
G-2 4.50 8.50 1,000 800
G-3 6.60 5.50 860 700
G-5 s & 1,670 1,400
G-6 80 5.0 800 700
G-7 85 b.5 650 B850
G-10 7.0 5.5 2,000 1,600
G-11 7.0 5.6 1,600 1,600
GPO-1 8.0% 8.0° 850 800
GPO-2 8.08 8.00 850 800
N-1 8.07 2.07 1,000 1,000
WwW-1 54 5.0 14,000 13,000
Ww-2 3.4 i8 13,000 12,000
16

1 LW means tested in a lengthwise direction. CW
means tested in a orosswise direction.

2 Specimens shall be nominal 1/2 inch in thickness
or machined 0.500 == 0.005 inch from thicker
sheets. Unmatched speclmens ghall be within
standard tolerance for i/2-inch thickness for the
grade being tested For thicker sheets, the
gpecimens shall be cut from the center of the
cross-section, machining approximately egual

amounts from each surface.

2 See 4.3.1.

4 Impact values are not applicable to thicknesses
1/4 inch and under.

5 Impact requirements for grade G-5 are as follows:

| Impact strength,
Thickness } minimum

|—TW | cwW_

- i_F-t.-lb. per inch

A i of notcil_
1/32 up to but not including 1/8 l 6.0 l 5.0
1/8 up to but not including 1/2 7.0 5.6
1/20p 80 £ vnnen ! 90 | 60

¢ Applies to 1/16 to 1/2 inch thicknesses inclusive.

7 Applies to 1/B-inch thickness and over.
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L-P-50%a
TABLE XXI. Dielectric constant and dissipation factor reguirements for sheels?
Condi. Condi-
tion Condition D-24/233 tion
A3 B D-48/
Grade? " Thickness* inch _ 608
18280d| 0 | yne | spme | s | spe | au | o1 | OO | 1R
over i 4 | o ¥ I ij& Oy
Dielectric constant at 1 me,, maximum
.o 4 [3.4)] 6.20 €20 6.10 6.00 6.00 6.00 6.00 6.00 —
XXX 5.30 6.00 5.90 5.80 5.70 5.70 5.70 5.70 5.70 —
XXP 5.00 6.50 5.30 5.30 £20 5.20 5.20 -— —_ 5.80
XXXP 4.60 4.80 4.80 4.830 4.80 4.80 4.80 — —_ 5.3
XXXPC| 4.60 4.80 4.80 4.80 4.80 4.80 4.80 -— —_— 5.30
LE 5.80 (%) (®) (%) 6.00 6.00 6.00 6.00 6.00 _—
MC - - |l -zl =il = -
G-2 5.0 —_— .50 o830 0.80 0.8V 0.5V 0.5V — —_—
G5 (%) (%) (5) (s) 8.00 8.70 8.70 8.90 2.20 —
G-6 4.50 —_— 5.00 4.90 4.80 4.80 . 4.80 4.80 4.80 _—
G-7 4.20 4.50 4.40 4.30 4.20 4.20 4.20 4.20 4.20 —
G-10 {%) .40 5.40 5.40 5.40 5.40 5.40 5.40 5.70 5.80
G-11 (%) 5.40 5.40 5.40 5.40 5.40 5.40 5.40 5.70 5.80
GPO-1 4.50 -— — — 4.40 4.40 4.40 4.40 4.40 —_
N-1 ®) 4.20 4.00 4.00 3.90 4.30 4.30 4.40 4.50 4.00
FR-2 4.60 4.80 4.80 4.80 430 480 4.80 — —_ §.30
FR-3 4.80 4.80 4.80 4.80 480 | 4.80 4.80 -— - 5.00
w-1 4.50 — —_ - — —_ _ — - -
w-2 4.50 - - — —_— — —_— - - -
Lissipation factor at 1} mec., maximum
XX 0.04b 0.053 0.052 0.051 .50 0.050 0.650 $.060 0.050 _—
XXX 038 048 047 046 045 044 043 04 043 -
XXP .040 080 060 .060 .050 050 050 — —_ 010
XXXP .035 035 035 035 025 035 .085 _— —_ 05
XXXPC 035 035 035 035 0386 035 L0385 —_— —_ 050
LE 058 (5) (%) (5) 070 070 070 070 070 -—
G-2 025 — 100 090 .080 060 060 060 —_ -—
G-5 0207 | () (%) (®) 080 080 080 .080 080 -
G-6 .005 —_— 080 070 060 060 060 060 L0680 -
G-7 003 070 0560 035 022 022 022 022 022 —
G-10 025 038 035 035 035 035 035 035 035 045
G-11 .025 035 .035 035 035 035 035 035 035 .036
GPO-1 03 —_ — - 080 080 080 080 060 -
N-1 .038 045 041 040 039 039 039 .039 039 045
FR-2 035 038 .085 085 035 035 .035 — —_— 060
FR-8 040 .040 040 040 040 040 040 — —_ 046
-1 050 — —_ - = — —_ —_ i -—
Ww-2 .050 — —_ — - - -— — - -

1Dielectric loss factor is the product of dissipation factor and dielectric constant.
2No dielectric lors values for grades X, XPC, XP, ES-1, ES-2, ES-3, C, CE, L, A, AA, and G-3 are

. Ry

included because these grades are not suited to applications where Jow dielectric loss under radio

frequencies is required

3See 4.3.1.
¢« For intermediate thicknesses, the value for the next smaller thickness shall apply.

§ Dissipation factor and dielectric constant for grades LE and G-5 in thicknesses below 1/8 inch show
4o owast a chaneme from condition A to be measured satisfactorily with usual laboratory eguipment,
WU ElTal & Lusuge asvia svalasweuas it 2 o P Quly
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TABLE XXI. Dielectric constant and dissipation faclor requirements for sheete
(cont’d)

¢ Dielectric constant values for grades G-5, G-10, G-11, and N-1, condition A are as follows:

Dielectric constant at 1 me,,  max.mum (condition A)
cada Th.ckneast tnch
R 1/32 to 1/8, | Over 1/8 to 1/4, | Over1/4to1/2, | Over 1/2 to 1, | over 1
inciusive | inclusive l i-éiuswa I inclusive T
G5 7.80 8.00 8.80 870 l 2.00
G-10 5.20 | 5.20 | 5.0 | 550 | -
G-11 5.20 | 5.20 | 5.20 5.50 | -
N-1 | 38.90 4.20 4.30 | 440 | -
"For grade G-b in thicknesses over 1 inch, the val.xe snal be V.025, ’
TapLe XXII. Dielectric breakdown and arc resistance rcquirements for sheets
] . L . .. Arc resistan
Dielectric breakdown parallel to laminations, step-by-step, minimum i rcminimumce,
Gradet Condition A2 Condition D-48/502 Condlu?:‘ s:nqA
or D-48/50<
Thickness, inch | Thickness, inch | Thickness, inch | Thickness, inch | Thickness, inch
71732 to 1, incl. |Over 1 to 2, incl.| 1732 to 1, incl. |Dver 1 to 2, incl. | 1,8 to 2, incl.
- K. Kv. Ko, Ko, See.
XX 40.0 25.0 5.0 3.0 -
XXX 50.0 400 6.0 4.0 —_
XP 400 - 5.0 - -
XXP 60.0 — 8.0 -— —
XXXP 60.0 — 15.0 —_— —
C 15.0 10.0 —_ -— —_
CE 35.0 £5.0 25 25 —_
L 15.0 10.0 — — —
LE 40.0 30.0 3.0 3.0 —
MC 20.0 20.0 5.0 5.0 100
A 5.0 — — -—_ —_—
G-2 80.0 25.0 10.0 —_ —-—
G-b 23.0 158.0 5.0 3.0 180
G-6 32.0 25.0 15.0 — 180
G-7 82.0 25.0 15.0 — 180
G-10 85.0 — 30.0 —_ -—
G-11 35.0 — 80.0 — —
N-1 60.0 50.0 40.0 30.0 -
FR-2 80.0 - 150 — -
FR-$ 60.0 —_ 30.0 -— —
W-1 65.0 60.0 — — —-—
w-2 5.0 0.0 —_ -— -—

|

1 Grades X, XPC, ES-1, ES-2, ES-3, AA, and G-3 are not primarily electrical grades; therefore, require- 1’
ments for dielectric strength of these grades are not included. Phenolic grades have extremely iow |

............. thmamalama wmanmn te

arc resistance; therefore requirements for arc resstance of these grades are not included,

/
43 /
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TABLE XXIV. Physical requirements for round rolled tubes

Compressive Water absorption
strength {Condition E-1/105 followed by Condition D-24/23)1
Inside [Specifie (lxi_ll) .
Grade | 4iometer |gravity [ Wall thickness, inch Wall thickness, incht
1/16up 1/8 and
. to 1/8 over 1/32:1/16{8/32 | 1/8 |3/16| 1/4 | 3/8 | 1/2] 1
- Mini. Mazimu ont
Ineh | oo | Misimum, pa ™ poTe
X2 1/8 to 1/2,] 110 10,000 ] 100] 70| 60 62| — | — | = | - | —
fncl.
Over 12 | 112 | 12,000 s 80| 60 43| 40| 85| 80| 24 20| —
to 8
XX [1/8 to 1/2] 110 | 10,000 s 80| 40| 22] 25|11l 12| = | —
incl.
Over 1/2 | 112 | 18,000 5 60| 30| 25| 20| 14| 12| 10 09| 08
to 8
XXX (174 to 172, L12 10,000 ] 85| 15| 18| 10| 08| 068 | — | — | —
incl.
Over 1/2 112 18,000 s -_—-- -] - -] = -1 -
to 8

c $/8 and 1.12 12,000 5 — | 60! 86| 80| 23| 18| 18| 10| 09

over

LE 8/16 01/2,| 1.12 18,000 1 go| 60| 82! 25| 19 15| — | — | =

incl.
Over 1/2 1.14 15,000 ] 70| 45 80| 26| 19 | 15| 12| 09| 08
to 8
G5 |1/8 to 8 1.70 10,000 13000 | 80| 45| 89| 85| 80 | 25| 22| 20| 1.8
G-1 3/8 to 1, 1.55 8,000 s 10| 10| 08| 08| 08 | 08 | — | — | —
inel
1to 8 1.68 6,000 5 el Bl Bl et el Bull Dell Bull e
G-10 [1/8 to 1/2,| 1.66 20,000 ] 10/ 08} 07 06! 05 ) 04 ) 04| 04 ] O4
incl. ;
12 o8 | 170 | 20000 s — ==l =] =] =1=1=104
TABLE XXIV. Physical requirements for round rolled tubes (cont'd)
Dielectric strength perpendicular to laminations,
short-time test (Condition A)?

Grade dm i’;“ff’; 1732 to | Over 1716 Over 1/8 | Over 1/4 | Over 172  Over 3/4
1916, | to 1/8, | to1/8, | to1/2, | to 84, | to 1,
inel. inel. incl. incl. incl. incl.

b , U il
Inch Mini Mintmum, v. per m:
X3 1/8 to 1/2, incl. 1.10 400 290 200 146 120 -—
Over 1/2 1.12 400 290 200 145 120 —
X 1/8 to 1/2, inel. 1.10 400 200 200 145 120 105
Over 1/2 1.12 400 290 200 145 120 105
XX 1/4 to 1/2, incl 1.12 226 250 250 — -— -—
Over 172 112 —_ — -— — —_ —_—
C 3/8 and over 112 —_ -— — —_ —— —_—
LE 8/16 to 1/2, incl. 112 1503 170 120 85 70 80
Over 1/2 1.14 1502 170 120 86 70 60

G5 1/8 and over 1.70 225 160 110 80 65 66

G- 3/8 to 1, incl 1.55 — 100 125 118 110 -—

1 and over 1.68 —_— — —_— — — —-—

G-10 1/8 to 1/2, incl. 1.65 850 250 200 160 -— —_—

1/2 and over 1.70 —_— — - -— -— -

ISee 4.3.1.

2 Dielectric strength of grade X decreases markedly under humid conditions.

20
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DY e B2oVondf. ade e ALl o &L PUNIIY TR Y =
T 4AOW QIEIeCLTIC svrengen In wié mm wall 18 u e

of over-lapping of resin-filled interstices.
€ For intermediate wall thicknesses, the value for the next smaller thickness shall apply.
8 For wall thicknesses of 1/16 inch and over.

TABLE XXV. Physical requirements for round molded tubes

g
g
8
E:
Ei
g
:
B
g
[

Compres- Dielectric strength
Specific sive Water absorption perpendicular to lamina-
gravity | strength (Condition E-1/105 followed by D-24/23)2 tions (sbort-time test)
(axial) (Condition A)?
Grade! Wall Wall wall thickness, inch
thickness, | thickness, Wall thickness, inch® Over | Over ' Over
_ inch | inch |1/m 18 | 14
AN € A —o 3 v o rem W " W “ .
sizes | ovens |1/32|116(3/32| 18 3716|174 | 12| 1 | V= Pinet ot | Tnel
Minimum | Minimum o " — .
pai. Maxtmum, peroeni Minimum, v. per mil
X 1.25 18,000 -_— ‘ 20)18)16) 13| 121 1.0} 09 (800 | 220 | 150 | 110
XXX 122 20000 | — | 14)12}11}) 10 09| 08] 07800} 220 | 150 | 110
CE 125 | 10000 | — | 80| 22|20 18| 16| 22|21 | 176 | 125 | 90
L 1.25 18000 | 6 | 8.5 2.2! 1.s| 1.6 | 16 | 15| 14| — | - | - | -
LE 1.26 19,000 452218 15| 13 i 1.2 | 1.0 0.5 11505 175 | 125 0

T Dielectric strength values for grade L are not incluied. since this grade i¥ mot manufactured primarily
for electrical applications,

2 See 4.8.1.

3} /4-inch inside diameter and over.

4 Na walnna haranen af waalrnase ot wanld asawme
a¥0 VaiUe OCSIRUSE C1 WeRkdNieSs &v INCid seam.

% Mold seam has a more pronounced effect on l/lﬁoinch than on heavier wall thicknesses.
¢ For intermedinte wall thicknesses, the value for th: next smaller thickness shall apply.

TABLE XXVI. Physical requirements for round molded rods*

Water absorption res-
(Condition g_g‘/;ggpfonowed by Specific Flexuralq ::siv!e
Grade Diameter. incht iameter gravity ’f:rfng‘g)’- .t"nm
Grade Diameter, inch Diameser (Condi- | (Condi- | (axial)
Over.l tion A)? tion A)! | (Condi-
1/8 1/4 172 1 to 2, in- tion A)1
clusive
Mazi- | Mawi- | Mazi- | Mawi- | Maxzi- T . ",
mum, | mum, | mum, | mum, | mum . Mini- Mixi- Mini-
per- | per- | per- | per- per- Inch mum munt, mum,
cent cent | cent | cemt cent Linte P
XX 25 1.5 1.0 1.0 13 1/8 to 2, inclusive 1.30 15,000 20,000
XX 15 1.0 0.76 0.75 0.76 {1/8 to 2. inclusive 125 13.000 20,000
0 -— 285 20 2.0 1.5 1/4 to 2, inclusive 1.28 16,000 19,000
CE — 1.7 13 1.0 12 1/4 to 2, inclusive 1.26 13,000 20,000
L 2.5 20 5 12 12 8/18 to 2, inclusive 1.28 15,000 19,000
LE 2.2 14 ; 1.1 10 1.1 3/16 to 2, inclusive 1.26 12,000 20,000
G5 —_ 45 30 3.0 85 1/4 to 2, inclusive 1.80 80,000 22,000
Ww-1 — — 1.0 0.76 0.76 {8/8 to 4, inclusive 1.27 32,500 17,000
G-10 -_— 0.76 0.50 0.50 050 (1/4 to 2, inclusive 1.70 85,0008 86,000
18ee 4.3.1.

2 These values cover diameters up to 1 inch maximum.
3 Thase valnes are for Q/‘lﬁ_inoh Aiamator

Teswwew waw AvVa avTiaivel wamsnvwws

¢ For intermediate diamet.erl under 1 inch, the value for the next smaller diameter shall apply.
§Up to and including 1 inch only.
4 Grade W-1 rods may be machined to size from g-ade W-1 laminated sheets.
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2.6.1 Phuysical requirements for all forms.

3.6.1.1 Warp or twist. The warp or twist
shall not exceed the values specified in ta-
ble XVII.

3.6.1.2 Punching quality. The grades of
material differ in their suitability for
punching, but any of the grades may be
punched in simple shapes and thin sizes,
provided good punching practice is used, in-

cluding sharp, close-clearance dies, proper
stripper plates, and proper heating condi-
tions., When using good punching practice
as outlined below, the various grades shali
puncn satisfactorily in thickness up to and

in the contract or purchase order. In good
punching practice, the edges of the piece
shail be not closer to the edge of the strip

. P ey | — N ~am 4 _.- -~ -
holes shall be not smaller in diameter than
the thickness of the sheet nor have corners,
and the distance between holes or between

L]
=4
. ®

noles and e of piece shall be not less
than the thxcknees of the sheet. For thicker
materials, depending upon the grade, heat-
ing the material to a temperature of 120°
to 140°C. (approximateiy 15 minutes for

o Y__

material 1/8 inch in tmcnmeSS) is generauy

‘.'.'S‘

.
though in gr

ﬂ
the material too soft. In this case,

Vaiv ssas v

S’ :

too soft. t bette
results may be obtained by heating at low

er témperatures or for a shorter time. If
more than 2 minutes elapse between the
time the strip leaves the heating medium
and the last piece is punched, results will

3.6.3 Physical requirements for tubes.
Tubes shali conform to the requirements

22

as to physical and electrical properties spec-
jfied in tables XXIV and XXV. For grades
G-3 and G-11 see 6.3.1.

g ==l (gL

4 Physical vnmfomem.s for rods.
r

6.3.2.

37 Chemical resistance. The resistance
of the plastic to specified chemicals shall
be as specified in the contract or purchase
order (see 6.2 and 6.6).

8.8 Workability. When formed according
to the manufacturer’s instructions, the ma-
terial shall not fail mechanically nor devei-
op surface or inte.nal defects.

3.9 Weorkmanship. The sheets, rods, and

a sl weivwwSj

tubes shall be clean, well made, free of
cracks, scratches, surface irregularities,
separation of parts, or sharp edges which
affect the appearance or may =affect the
serviceabilitv. The quality shall meet the
requi.ements of section 4.

4, SAMPLING, INSPECTION, AND

TEST PROCEDURES

4 1 Responsibility for inspection. U'niess

specified, the su her may utilize his
faclhtles or any comme cial laboratory
acceptable to the Government, The Govern-
ment reserves the right to perform any of
the inspections set forth in the specification
where such mspecnons are deemed neces-
gary to assure that supplies and services
conform to prescribed requi:ements.

4.2 Sampling for inspection and tests.
Samvling for inspection and tests shall be
performed in accordance with the provi-

-mew e

sions set forth in MIL-STD-105 except

where otherwise indicated. For purposes of
sampling, an inspection lot for examination
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and tests shall consist of all material of the
same type, grade, form, and thickness sub-
mitted at one time.

4.2.1 Inspection of materials and compo-
nents. In accordance with 4.1, the supplier
is responsible for insuring that material and
components used were manufactured, test-
ed, and inspected in accordance with the re-
quirements of referenced subsidiary speci-
fications and standards to the extent spec-
ified, or, if none, in accordance with this
specification. In the event of conflict, this
specification shall govern.

4.2.2 Inspection of the end item.

N 2, S mas Sl mand Jdoma e
4.2.21 Ezamination of the end item. Ex-
amination of the end item shall be made for

defects in the applicable subparagraphs at
inspection levels and acceptable quality lev-
els (AQLs) set forth in 4.2.2.1.4. Th2 lot
size, for purposes of determining the sam-
ple size in accordance with MIL-STD-105,
shall be e‘tpressed in units of sheets, rods,

rials, as applicable, for examination in

422111, 4.22.1.2, and in units of shipping
containers for examination in 4.2.2.1.3.

42211 Ezxamination of the end item

for defects in appearance and workmanship
of the laminated thermosetting materials.
The sample unit for this examination shall
be one sheet, tube, or rod.

"~ Examine Defect

Appearance | ~ot uniform in texture.

and work- |Ragged or rough gide, edge, or end.
manship Presence of dirt, foreign matier, or
abrasives.

Any crack, break, blister, wrinkle,
scratch, dent, heat mark, void, or
resin pocket.

Any separation of lamination.

Ply or layer not as specified.

Not form specified.

Color Color not as specified, not uniform.
Finish Not as specified, not uniform.
Opaﬂty {Not uniform.

L-P-509a

4.2.2.1.2 Ezamination of the end item for
defects in dimensions. The sample unit shall
be one sheet, one rod, or tube.

Examine Defect
Sheets:

Manufacturer’s | Length and width varies by more
standard sizes | than =+ 1 inch from the stand-
between 36 and| ard dimension.

BQ inches in
width and be-
tween 86 and

aloo i

UO lllcll" m
length
Smaller size
sheets

Thickness!

Manufacturer's
standard length
tubes (sec
3.292.1)

2222 94

Cut lengths

Dia

Wall thickness?

Rads:

Manufacturer’s
standard length

ToQ
Cut lengths

Diameter

Length and width varies by more
than tolerances specified in
table IIIL.

Thickness varies by more than
=+ tolerances shown in table
1V, as applicable.

Length varies by more than = 1
inch from the standard length.

Length varies by more than the
= tolerances specified in table
VIL

Inside or outside diameters vary
by more than the =+ tolerances
shown in table IX, as applicable.

Average wall thickness varies by
more than the =+ tolerances
shown in tables X and XI, as
applicable,

Length varies by more than =+ 1
inch from the standard length.

Length varies by more than the
=+ tolerances specified in table
XVI1.

! Diameter varies by more than =+
0.005 inch from nominal diam-

! eter for rods of 1/8 to 2 inches

- exclusive and by more than =+

:
; 0.008 inch for rods of 2 to 4

| inches inclusive.

ﬁén thickness determinations randonil';r—sc:tﬁé;d
throughout the sheet shall be made. In order
to comply, at least 9 determinations shall be with-

memanifiad talomamanas sse A — s h ]

Hl VIIE SPECUIBU Wik aunces anuu llUlc moure D"u" i

determination shall vary from the standard thick-

ness by more

than 125 percent of the specified

tolerances (see 3.2.1.2).
2 Six determinations shaii be made and the average

shall comply.

23
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42213 Ezamination of preparation for
delivery requirements. An examination shall
be made to determine that packaging, pack-
ing, and marking requirements of section 5
are complied with. Defects shall be scored
in accordance with the touow ng ust. The

fully prepared for delivery with the e
ception that it need not be sealed. Defects
of closure hgted st al be examined on shio-

The lot size shall be the number of shxp-
ping containers in the end item inspection
lot.

Examine Defect
Packaging umt package not packaged as speci-
fied.
Individual sheet, not protected op
both surfaces by a suitable paper.
Rod or tube not wrapped.

Packing Not level specified; not in accord-

ance with contract reguirements.
Any nonconforming component;
component missing, damaged, o1
otherwise defective affecting serv-
iceability.

Container not as specified; closures
not accomplished by specified o
required methods or materials.

Inadequate application of compo-
nents such as incompliete ciosure of

Lunt-!uu ﬂ-‘-p; }%Ee or ’w-u“.dﬂ“"‘
strapping.

Buiged or distorted container.
Material not separated by fiorm, size,
and thicknese,

Count Less than the specified or indicated
quantity.

Weight Net weight exceeds specified re-
quirements,

Markings Interior or exterior markings (as

applicable) omitted, illegible, in
correct, incomplete, or not in ac-
cordance with contract require-

| ments, -

2 & - Vo 8. Tacinla mand ANT a £an
4.22.1.4 Inspeclion iévels ana AQLS jor
examination. The inspection levels for deter-

pressed in defects per 100 units shall be as
follows:

T Examination | Inspection | ,
paragraph } Jevel |
42211 l I | 15

42212 S-2 25
42213 | s-2 Y

423 Testing of the end item. The end
item shall be tested for the appiica‘bie char-
acteristics as indicated in table XXVII on

each lot presented for examinstion. The
sample u it s. all be 1 full sheet but not

tube but not less than 6 lmear feet, as appli-
cable. The inspection level for determining
the sample gize shall be S-1 except that not

A LM

selected throughout the lot. The AQL shall
be expressed in defects per 100 units.

fense agency procurements, in lieu of test-
ing, and when specified by the procuring

gency, (see 6.2) the s ,_,pher shall furnish
a certificate of compliance to the contract-
ing officer stating that the material and
items procured under this specification con-
:form with all characteristic requirements of

ber specified, covering the lo® or batch of
material being procured. In addition, the
material covered by the certification shall
not have been produced prior to one month

from the date of certification and the date

ha statad an tha samtifi_

o

01 proa tion shall be ted on the certifi-
cate of compliance. This procedure should
only be employed in contracts or purchases
wherein the lot is less than 50 sheets, rods,

=]
-
3
g’
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TaRLE XXVII. Instructions for testing?
N Specification reference |, eul:;?;b::;om Results reported as
Characteristie —

. r sampie Pass | Numericaily
Requirement | Test method pe unit or f2il2 | to nesrestd
Punching quality (as applicable) ....|3612 3.6.1.2 [ - —
Physical tests for sheets
Flexursl strength (as appiicable)
Y oanethwiaa m il TYTe "l TOTY A & oa can . _ ¢
RN THWISC ccvvrvcerriiioene. vesc | TADIE ALA Iapies AALA | Average of 4 -— 100 p.sa.
and XXX
Crosswise ......... sseesssescsescciTable XIX |[TablesXXIX| Average of 4 -— 100 pai
' and XXX
Tmnaot stranoth fas annlicablel
Aulp“bﬁ Bbl;ilbw NES KBYJiiLewviv)
Lengthwnse....................... Table XX Table XXIX Average of 4 — 0.01 __‘-lb.,
_ inch
, Crosswise ........ccccnveveeveesss| Table XX |Table XXIX | Average of 4 —_— 0.1 ft-Ih./
: inch

} Bonding strength (as applicable)

(}omﬁtior\ A it arens .- Table XX Table XXIX Average of 4 -
Condition D 48/50 Table XXIX | Average of 4 - pound

Niclantnia annatant
oigieCil'iC TonNSans

Table XXIX | Averare of 2 — 0.01

Condition D24/23 ....... eesesess | Table XXI |Table XXIX | Average of 2 — 0.01
! Condition A .........ccc0c.vevveee| Table XXI  |Table XXIX | Average of 2 -— 0.01

......... Eannbrm Ifma snesemlionahli)

Dmalpluvu IACWOT (&8 ap puwuun

: Condition D48/50 ........ccoeues | Table XXI | Table XXIX | Average of 2 - 0.001
‘: Condition D24/23 ................ Table XXI |Table XXIX | Average of 2 — -|0.001
Condition A ......ccivvivennnnn. +-| Table XXI |[Table XXIX | Average of 2 — 0.001
Dielectric strength {as! applicable)
Condition A ........... ses.seesses| Table XXYI | Table XXIX Avez-;g-.s of 4 —_ 0.1 KV
Condition D48/60 ........cccvveee ! Table XXTT {Tahle XXTX | Average of 4 —_ 0.1 KV
N ) . Are resistance (as applicable)
Condition A or condition D48/50 .. Table XXII | Table XXIX Aveﬁfé of 3 -— #ec
Water absorption (as applicable) ... | Table XXIII{Table XXIX | Average of 8 —_ 0.01 percent
Warp or twist ........ ceeeee seeress|8.6.11 Table XXIX 1 -— 0.01 percent

Physical test for tubes (rolled or

mmaldad ca ammllaabtla

MIVIUTU &d IPPH“UIC)

| Specific gravity (rolled) .......... Table XXIV | Table XXXI | Average of 2 - 0.01

' Specific gravity (molded) .........| Table XXV |[Table XXXI | Average of 2 -— 0.01
Compressive strength (axial)

faa anmliaahlal fmallad)

\R3 &PPIICROoIE) (TOLUG) ... «+ [ Table XXTV |Table XXX1 AvVerage 0ol 4 PS i
(molded) ....... tvsesscsssesesses | Table XXV [Table XXXI | Average of 4 pai.
Water absorption (as applicable)
(rolled) ......covviiniiinnnn... «. | Table XXIV | Table XXXI | Average of 8 - 0.1 percent
{molded) seessesenscnceisescesss| Table XXV |Table XXXI | Average of 8 —_— 0.1 percent
, Dielectric strength (as applicable)
; (rol}ed! tevsrerssesiosrssasssases| Table XXTV | Table XXXI | Average of 8 — Volt/mil.
) (molded) ..............cov000nes| Table XXV | Table XXXI | Average of 3 — | Volt/mil.
Warpor twist ...iiviiiiiicennaenss [ 8.0.101 Tabie XXX1 i -— 0.01 percent
Physica! tests for rods
f Water absorption (as applicable) ..|Table XXVI |Table XXXTI| Average of 3 _ 0.01 percent
! Specific gravity (as applicable) ... |Table XXVI |Table XXXII| Average of 2 —  |o.01
Flexura! strength (as applicable) ..| Table XXVI {Table XXXII| Average of 4 — 100 pai
Compressive strength (as
applicable) ......... tersssnsa.oes| Table XXV] |Table XXXII| Average of 4 —_— 100 psdi.
Warp or twist ..ovvvevennnrenennses]8.6.11 Table XXXII 1 -— 0.01 percent
Chemical resistance {io different
: chemicsls) all forms ............. |87 As specified 1 fer each x ! -
, in contract mieal |
| Workability, all forms .............|3.8 38 1 X i -
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TasLE XXVII. Instructio
‘Requirements appiicnb]o to individual unit.

218 &£-!
Al B 3 x..nun. IS IHUILA&CU, ILPUIL QWCaCTIpLiva Ui ae 1411

atnd maman Jdeserintion of failurs,
Te.

S
~
e

8 Tost reports shali include all values on which results were based.
* This test 1o he preceded by one test by short time method to establish starting voltage (see note 4

of table XXIX).

4.3 Test methods.

itr, in accordanc Lh t e requirements
of Fed. Test Me‘.h»ﬂ,d Std. No. 406, unless
other conditions 2 specified in this speci-
fication ¢, in the test meihod.

0 .l
N =
[
3
Q.
¢ ]
[ 2 et
I+
-
15
.

J s
general wonditic imen. that is,
A for no sy tua' cond ‘t.omng. C for high hu-

rodity coaditioning. D for immersion condi-
sning r a'silpd weeler, and E for high
temperature conditioning. A capital letter

{rlivwed by ar mferior as D, shall indicate

that a prior temperature conditioning has
been carried out.

(2) Following the capital letter, a dash
fullowed by s number indicating in hours
the dnration ¢f the conditioning.

1

3V Follmwing the number of hours of
ceunditioning. a slant mark followed by a
.umber indicating in degrees centigrade the
cond.iioning temperature.

(4) Feollowing the conditioning temper-
sture, anotr.sr slant mark foliowed by a
number indicating relative humidity in per-
cont. whenever relative humidity is con-
trolizd.

43.1. W un
ghall he fo'l wed by ~ooling to room tem-
corniars 70 C) inoa desicrator. Immersion
¢ mdinoning shall ke Sllneed by cooling to

fedtnn o o oware a distelles vwuier, as spec-
bood in Laoie AM WAL

P
&

Condition toler-

E-48,50 [—0

)
oy
-

b
3
+ |

E-1/100 —0 min.
=6 min.

3 -0 hr.
+31 ¢hr.

10 br. | —

or
more

[y
"

y

!
iz

N O

= ¢

<+

—0 hr.

l
|

dosiccatny,

cesiccalor.

Start test
within 1/2
hour after

removing

specimen
from
dusiccator.
Cool Ly im-
sersion in
a suffi-
cient
quantity
of distilled
water o
reduce the
tempera-
ture to
23°C.
within 1
hour. Re-
move indi-
vidually as
needed,
and wipe
surface
water off
with &
cloth.
Start test
within 1
xuiﬁ'dw
after re-
moving
specimen
from
water,
See water
absorption

. b
[5- 1%

| See water

absception
test.
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TABLE XXVIII. Conditioning time
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4313 Temperature tolerances. Toler-

tolerances (cont'd) ances on the conditioning temperature shall
Conditioning Cooling be as follows:
Time Time Remarks Nominal temperature | Tolerance, plus or minus
Condition toler- | Time | toler- Degrees centigrade |  Degrees centigrads
ance ance 23 ! 2
C-96/35/90 {—O hr. | — — |Tests after 35 l 1
+2 br. humidity 50 2
condition- 106 H ]
;,zg,::d:n 4.3.14 Humidity tolerances. Tolerance on
on speci- the nominal relative humidity of 90 percent
mens in shall be = 2 percent.
the hu-
midity 4.3.2 Methods of testing sheets. The prop-
chamber. erties of sheets shall be determined as spec-

ified in tables XXIX and XXX.
TABLE XXIX. Test method number and size of specimens required for tests on

Size

sheets
Test Number
Property method of test Condition$
No. specimens?
Flexural strength T1031 4 LW A
(tested flatwise) 1 4CW
Impact strength 1071 4 LW |E-48/50
(tested edgewise) 4 CW
Bonding strength 111 4 A
é D-48/50
Water absorption 7031 8 E-1/105
followed by
D-24,23
Dielectric strength 4031 14 A and
parallel to laminations, | 3 4 D-48/60
step-by-step
Dissipation factor and 4021 2 A
dielectric constant at s
1 me. 2 D-24/23 or
D-48/560
Arc resistance 40118 3 A
Dimensions ) 1 A
{length, width and
thickness)
Warp or twist 6051 1 A

See table XXX.

2-1/2 by 1/2 by thickness, notched. Built

up to 1/2 inch thickness (plus or minus
standard tolerance for grade), or machined
down to a thickness of .500 =+ 0.006 inch
from thicker sheets.

1 by 1 by 1/2 inch (plus or minus standard
tolerance for grade), or machined to a

thickness of 0.500 = 0.005 inch from thicker
sheets,

3 by 1 inch by thickness.

3 by 2 inches by thickness.

See method No. 4021.

3 by 2 inches by thickness.
Full-size sheet or cut plate.

Full-size sheet.

1 Specimens shall conform to the requirements for mize given in table XXX. For paper-base and fabrie-
base grades over 1 inch in nominal thickness, the specimens shall be machined on both surfaces to a

For giass-base and nyion-base grades, specimens over 1/2 inch nominal thick-
ness shall be machined on both surfaces to & thickness of 1/2 inch. The span length and speed of
test shall be as specified in table XXX.

2 LW means cut lengthwise and CW means cut crosswise.

8 The test specimens shall be 2 by 8 inches by the thickness of the material. American Standard tapered

aloc o

AL s £ 9 __L
WUHICKNCSS 04 1 1ncn.

. 27
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pins (Morse, Brown & Sharp, or Pratt & Whitney pins are suitable for this purpose) baving a taper
of 1/4 inch per foot shall be used. For specimen thicknesses up to 1/2 inch inciusive, No. 3 Ameri-
can Standard tapered pins 8 inches long znd hav.ng a diameter at the large end of 7/32 inch shall
be used. Two 8/16-inch-diameter holes shall bi drilled, centrally located 1 inch apart, center to
center, and perpendicular to the faces of the spe:imen. The holes shall be reamed to a sufficient
depih to aliow the pins to extend approximateiy i-1 2 inches from the smail end of the hoie. For speci-
mon thicknesses aver 1/2 inch up ¢o 2 inches in:lusive, No, 4 American Standard tapsrad nina 4
inches long and having a diameter at the large end of 1/4 inch shall be used. Two S/IS-meh-dhm
eter holes shall be drilled, centrally located 1 inch apart, center to center, and perpendicular to faces
of the specimen. The hoies shaii be reamed to a suiiicient depth io aiiow the pins to exiend ap-
proximately 1 inch from the small end of the hola. The electrodes shall he inserted after condition.
ing of the specimen. Spheres 1/2 inch in diameter placed on the extremities of the tapered pins will
decrease the tendency to flashover. Tests shall b: made in accordance with the short-time and step-

by-step methods of method No. 4081, one specimen only being tested for the short-term method
in order to estahlith 2 hasis for initial _voltage of the sten-by-sten teat

Ll L L} gt S Sy EeRL.

"4 One test by the short-time method is uqmred to estallish the starting voltage for the step-by-step test.
S The specimens shall be rectangular samples sawed from the sheets and shall be of the following sizes:

Thickness Size of specimen
Inch | Inch
Up to 3/64, inclusive | 2 by 2
Over 3/64 to 2/32, inclusive 8bye
Over 3/32 to 1/4, inclusive l 4 by 4
Over 1/4 to 2, inclusive I 4 by 8

The electrodes shall cover both sides of the shret and shall consist of silver paint sprayed or
painted on, or of metal foil held in place by a thin layer of petrolatum. When the same speci-
men is used for condition A and after immersion in water, and metai-foil eiectrodes are used,
they shall be removed and the petrolatum cleaned off with a suitable solvent hefore immersion,
Tests shali be made in accordance with method No. 4021 using a suitable bridge method, namely, im-
pedance-bridge circuit, resonant-circuit resistance-variation method, or resonant-circuit resonance-rise
method, measurements to be made at frequency of 1 megacycie.

¢ Grades MC, G-5, G-6, and C.7 only.
T The length and width of sheets shall be determined by means of a steel scale. Thickness shall be de-

termined by using a machinist's micrometer and with & vernier reading to 0.001 inch and anvil and
spindle surfaces 0.260 =+ 0.001 inch in diameter.

8 See 4.3.1.
Maimrn TYVYY Nise nealnema af MNacarcsnt
LABLE ANnA. MERSIONRS U] JicTura
etronath (tegstad flatuiae) test snerimen
girengin (lested riatwige) 1egl gpecimen

D X
and speed of test order to give clcarance between moving head and

specimen supports.
Nominal | Width , Length Speed peet
specimen of of Span of
thickness |3pecimen | specimen test
imeh
Inch Inch Inch Inch per 4.3.3 Methods of testing tubes. The prop-
min, erties of tubes shall be determined as spec-
1732 1 2172 | §/8' | 002%  jfjed in table XXXI.
1/16 i 3 i 026
8/32 1 3-1/2 | 1122 010
1/8 1 4 2 053
3/16 1/2 5 3 080
s 170 g " "1co 4.3.4 Methods of testing rods. The prop-
172 1/2 10 8 213 erties of rods shall be determined as speci-
8/4 8/4 14 12 320 fied in table XXXII.
1 1 18 16 426
T Thizs spandepth ratic is greater thas 18 to 1 in
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TABLE XXXI. Test method, number, and
size of specimens required for tests on tubes

Num-
Test ber .
Property |method| of | Condi- Size
No. |speci-| ton
mens |
Specific 50llor| 2t [A 1 inch long
gravity 65012 up to 3
inches
1.D.; 172
by 2
inches cut
{from wall
over 3
inches
1.D.
“Water ab- | 7031 8 E-1/1056 |1 inch Jong
sorption and up to 3
D.24/23 | inches
ILD.: 1 by
3 inches
cut from
wall over
8 inches
I.D.
Compressive | 1021 4 A 1 inch long.
strength,
axial
Dielectrie 40312 8 A 12 inches
strength long.
perpen-
dicular to
laminations
‘Dissipation |4021 2 A 4 inches
factor and long.
dielectrie
eonstant
.Arc resist- |4011 3 2 inches
ancel long.
‘Dimensions, | 60513 -— Any length
warp or or diam-
twist eter.

1 Grade G-5, only.

2 The inner electrode shall eonsist of a brass rod, 8

TABLE XXXII.
size of specimens required for tests on rods

L-P-509a

placed on the horizontal flat surface and rotated
-against the vertically plane surface of the rigid
bar. With the tube in contact with the vertical
plane surface at two points in the tube length,
measure, with the aid of feeler gages, the maxi-
mum separation of tube surface from vertical
plane surface occurring between the eontact
points. Measurement shall be made to the near-
est 0.001 inch. Length of tube between contact
points shall be measured to the nearest 1,32
inch.

4 One specimen shall be cut from one side of the

tube and the other from the side of the tube
directly opposite.

Test method, number and

inches in length; with edres rounded to a 1/4-
inch radius, and of such diameter that it fits
snugly ingide the tube to be tested. The outer-elec-
trode shall consist of a strip of metal foil 2-1/2
inches in width and long enough to extend around
the circumference of the tube.

3 The apparatus shall include a horizontal flat sur-

face and a rigid bar with a vertically plane sur-
face firmly fixed at right angles to the flat sur-
face both teing at least as long as the specimen.
The height of the bar shall exceed half the diam-
eter of the tube. Feeler gages of suitable thick-
ness will aiso be required. The specimen shall be

Num-|
Test ber
Property | method | of Condi- Size
No. | specic| itom
mens
Flexural 10312 4 b inches long.
strength
Compres- |10213 £ 1/2 inch long
sive for 1/8 to
strength, 1/2 inch
axial diameter,
inclusive. 1
inch long
over 1/2
inch diam-
eter,
Specific 5011tor| 28 |A 1 inch long
gravity 6012 up to 1 inch
diameter,
inclusive.
1/2 inch
long over
1 inch
diameter.
Water 7031 3 E-1/105 |1 inch long
absorption and for diam-
D-24/23| eters up to
and includ-
ing 1 inch.
172 inch
long for
larger diam-
eters.
Are resist- | 4011 3 |A 2 inches long.
ance!
Dimensions, | 6061¢ | — Any length
warp or or diameter.
twist

1 Grade G-5 only.
2 Each specimen shall be tested as a simple beam

loaded at the center.

The supports shall have

29
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contact sdges rounded to a radius of 1/8 inch.
The distance between the points of support shall
be 4 inches when the diameter of rod is 1/2 inch
or over. For smaliier rods, the distance between
supports shall be eight times the diameter of

the rod. -The load shall "be applied through 8
steel block having a semi-circular contact edge

"o —ncsmdad

of the same radius as the rod with edges rounced

to a radius of 1/8B inch.

The maximum fiber stress, p.s.i., shall be cal-
culated from the following formula:

8 WL
v @8

where:

S = maximum fiber stress.

W = breaking Joad in pounds.

1, = distance between supports in inches.

d == diameter in inches.

$ For rods 1/8 to 1- 1/2 inches in diameter, the test

specinen shall have a diametcr equal to the
dismeter of the rod and length conforming to
the following requirements:

Diameter Length

\

Inch ‘ Inch
1/8 to 1/4, inclusive ..... | 1/8
Over 14 £01-1/2 ..ceuen | B

For rods over 1-1/2 inches in diameter, speci-
mens shall be I-inch cubes cut from the rods so
as to be represeniative of its croas-seciion both
at the eenter and near the edges.

= v Peaives =i2T BSES

4 See footnote 8 to table XXXI.
$ One specimen shall be cut from one side of the

tube apd the oiher from the side of the tubs

directly ep,eee!!e.

5. PREPARATION FOR DELIVERY

For civil agency procurement, the defini-
tions and application of levels of packaging
and packing shall be in accordunce with
Fed. Std. No. 102.

5.1 Packaging. Packaging shall be level
A or C, as specified (see 6.2).

511 Level A. Each laminated plastic
sheet, rod, or tube shall be completely
wrapped or individually interleaved with
30-pound minimum basis weight kraft pa-

per conforming to grade B of UU-P-268.

512 Level C. Each laminated plastic
sheet, rod, or tube shall be packaged in ac-
cordance with the industry’s practice.

on
ov

5.2 Packing. Packing shall be level A, B,
or C, as specified (see 6.2).

hto @
" e
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er conformmg to
overseas type of PPP-B-601. The inside of
each shipping container shall be fitted with
a taped, one-piece, double-faced, corrugated
liner and top and bottom pads 'having a min-

square inch (p.s.i.) canfar'-umg to PPP.B-
636. Each shipping container shall be pro-
vith a case liner conforming to type

r II, grade C of MIL-L-10547. The case
lmer shall be placed between the corru-
gated liner and the inner surfaces of the
container. Each shipping container shall be
closed and remforced wm\ flat steel strap-

522 Level B. Laminated plast' of one
type, grade, form, size, thickness or diam-
eter, finish, and ealﬁf only, packaged as
specified in 5.1, shall be packed in a snug-
{itting shipping container conforming to do-
mestic type, style A or B of PPP-B-601. The

inside of each shipping container shall be
fitted with a taped, one-piece, double-faced
corrugated liner and top and bottom pads

seme

522 Level C. Laminated plastic sheets,
rods, or tubes, packaged as specified in 5.1,
shall be packed in a manner to insure car-
rier acceptance and safe delivery at destina-
tion at the lowest transportation rate for

such supplies. Containers shall be in accord-
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ance with rules or regulations of carriers
applicable to the moede of transportation.

5.3 Marl king.

5.3.1 Civil agencies. In addition to any spe-
cial marking required by the contract or
order, shipping containers shall be marked
in accordance with Fed. Std. No. 123.

& X S o mme s mamman ;e -, Tam = H2Pe neoawe
S04 MUHILLUT Y GGORUICS. 211 Auuilivn a1l
special marking required by the contract or
order, shipping centainers shall be marked

6. NOTES

6.1 Intended mnse The laminated thermo-
setting sheets, rods, or tubes are used as
described under “Characteristics” (see ta-
ble I)

6.2 Ordering data. Purchasers should ex-
ercise any desire ptir.ms offered herein

the followmg.
(a) Title, number, and date of this spec-

ification.

(b) Type, grade, and forms required (see
1.2.1).

(¢) Color, finish, and chemical resistance
required (see 1.2.2 and 3.7).

{d) Dimensions and tolerance required
(see 3.2).

(e) Whether certificate of compliance is
required in lieu of testing (for oth-
er than Department of Defense
procurement only). Number of cop-
ies of supplier's quality control rec-

2 A S___ 2N 2N
oras (see 4.2.5.1).

{f) Selection of applicable levels of pack-
ing and packaging (see 5.1 and 5.2).

tions o us sheet impregnated material,
rolled upen mandrels under tension or be-
tween heated pressure rolls, or both. They

are of two forms, roll;d and molded. Rolled
tubes are oven-baked after rolling on the

L-F-3 03a

mandrels. Information is currently not avail-
able for grades G-3 and G-11 of this form
(see 3.6.3). Molded tubes are cured in molds
under heat and pressure. Information is
currently not available for grades MC and
G-11 of this form (see 3.6.i.1 and 3.5.4).
832 Rods, Molded rods are ecomnosed of

S205S, SRV 28NS [2IT SR VST Va

laminations of impregnated sheet material
molded in cylindrical molds under heat and
pressure, and then ground to size. Molded
rods are made by winding the impregnated
sheet convolutely before molding or by

forming strips in the moiding operation. In-
frmmnatinm ta anenantler - b asailallda Py
AVIIIIGWIVII 1D LuliIiTl l] 4IVL avaiapic put iy
grades MC and G-11 of this form (see
3.6.1.1 and 3.6.4). Machined rods are not

covered by this specification, except for
grade W-1 rods which may be machined
from grade W-1 laminated sheet.

§.4 Finishes.

6.4.1 Ground finish. Ground finish is ap-
plied by a fine grinding wheel or belt, is
free from any pronounced scratches, and is
suitable for a majority of applications.

6.4.2 Buffed finish. Buffed finish is some-
what more glossy than the ground finish
and is obtained by buffing the tube or rod
following grinding, using a touch of shellac
or other polishing compound on the buffer.

6.4.3 Varnish finished. Sheets tubes, or
rods which have been finished by coatings
with & varnish or lacquer are not covered by
this specification except for grades W-1 and
W-2 (see 6.2).

8.8 Colors,

6.5.1 Natural. Natural color is produced
by the natural undyed paper, veneer, or fab-
ric and the resin used. Woven glass-base
gra&es contain streaks due to differential
coloration of various warp or filler threads

aven e lamne Lomod beemadlon s o P00 ML ___ s

UTiGer neav-wreéating conaitions. ine atural
color of the phenolic material will vary from
a light tan to a light brown or redd;sb brown.,
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rials will vary from light gray to a tan col-

or. That of the glass-base silicone material
will be from white to cream.

6.52 Black. Black colored sheets have
substantially uniform black surfaces and a
black body. Sawed, sanded, and machined
surfaces of sheets, and ground surfaces of
tubes, show a slight grayish black tinge

Sawe achined, and ground sur-
faces and edges of some cotton fabric-base
grades and of asbestos paper-base materials
show a decided grayish black tinge

6.5.3 Chocolate. Chocolate colored sheets
®« . o _ et A__ 2 Lerieoe mee nhamanlaba anl
nave a uniio GarK prowin or Cnocliaic Cui~
~an wlfonn sibhh ;e brom

trical or mechamcal nerformance \alues
Even black and chocolate colors affect elec-
trical characteristics. For instance, the
standard color for grade XXXP is “natural”
only, because the presence of any dye or
pigment wouid impair its electrical qualities.

6.6 Chemical resistance:

Effect of acids. All grades except
grade G-5 are resistant to dilute
solutions of most acids.

Effect of alkalies. Not recommended
for use in alkaline solutions except
melamine grade G-5 which is resist-
ant to dilute alkaline solutions.

-—aa Py Yy _ PO PR | -
Effect of soivenis. Unaffected by
most organic solvents except acetone
which may soften the punching stock

d thermosetting materials covered in
.his_x pecification contnin the latest equiva-
lent information for the tvpes, grades, and
forms listed in the following specifications
and part of the information listed in MIL-
P-78A dated August 80, 1950.

Specification Date
MIL-P-79C June 15, 1961
MIL-P-897C June 29, 1861
MIL-P-3115 June 28, 1961
MTL-P-8059A January 7, 1960
MIL-P-15035C January 10 1962
MIL-P-0015037D June 28, 1963

MTL-P-15047B
MIL-P-18177C
MIL-P-22324A

April 17, 1852
December 15, 1961
April 3, 1962

6.8 Transportation description.
m

Transnor-

ption, Transpor
and minimum weights
odlty are:

1]

=]

p=
g
-

®

§ 3
[ s

=8

@

n ]

Laminated plastics in ro
tubes.
Carload minimum weight 30,000

natrmAa
WLINAD.

Q
@
&,
]
74
(=]
"

Motor:

Plastic articles, not otherwise indexed,
rods, sheets or tubes.
Truckload minimum weights 10,000

16,000, 21,000 ana JU.UUU pounas,
subject to Rule 115, National Mo-
tor Freight Classification.
MILITARY CUSTODIANS:
Army—GL
Navy—SH
Air Force—69
Military Interested Activities:
Review:

Navy—SH., WP, MC

Reviewer and user information is current
as of the date of this document. For future
coordination of changes to this document,
draft circulation should be based cn the in-
formation in the current Federali Suppiy

L aV2 S a N -] PO PRuy. | PPN

Classification Listing of DOD Standardiza-

tion Documents.

Y U. 8. GCOVERUNENT PRINTING OFFICK: 1989=781382 ‘ave

Coupies of this specification may be purchased for 20 cents each.

32
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INSTRUCTIONS: The purpose of this form is to solicit beneficial comments which will help schieve procure-
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