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1. SCOPE:
1.1 Form:

This specification covers coated round rods fabricated by the pultrusion process frgm aramid fibers
and a weathgr-resistant polyester resin binder in the form of straight lengths or in cpils.

1.2 Application:
These rods hpve been used typically for nonconductivetension elements in antenna supports where
superior longtterm weather resistance and extremely‘light weight are required, but usage is not

limited to such applications.

1.3 Safety - Hazdardous Materials:

While the materials, methods, applications, and processes described or referenced in this
specification may involve the use of hazardous materials, this specification does nqt address the
hazards which may be involved.in'such use. It is the sole responsibility of the userfto ensure
familiarity with the safe and proper use of any hazardous materials and to take necessary
precautionary measures totensure the health and safety of all personnel involved.

2. APPLICABLE DOCUMENTS:

in. The latest

The following publications form a part of this specification to the extent specified herg
icati ' ' icati | be the issue in

issue of SAE p
effect on the date of the purchase order.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 3901/4 Yarn, Organic Fiber, (Para-Aramid), High Modulus, OY 390,000 (2690) Tensile
Strength, 16,500,000 (115) Tensile Modulus, 1420 Denier, 0.6% Finish

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright 1998 Society of Automotive Engineers, Inc.

All rights reserved. Printed in U.S.A.
QUESTIONS REGARDING THIS DOCUMENT: (724) 772-7154 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790

SAE WEB ADDRESS: http://lwww.sae.org
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2.2

2.3

3. TECHNICAL R

3.1

ASTM Publications:

Available from ASTM, 100 Barr Harbor, West Conshohocken, PA 19428-2959.

ASTM D 149

ASTM D 638
ASTM D 638M
ASTM D 695

Dielectric Breakdown Voltage and Dielectric Strength of Solid Electrical Insulating

Materials at Commerical Power Frequencies
Tensile Properties of Plastics
Tensile Properties of Plastics (Metric)

ASTM D 695
ASTM D 785
ASTM D 790

U

ASTM D 790
ASTM D 792
ASTM D 2289
ASTM D 2344

ASTM D 2990

(‘nmlnrpQQi\/n Drnlnprripc of Pigid Plastics

Compressive Properties of Rigid Plastics (Metric)

Rockwell Hardness of Plastics and Electrical Insulating Materials
Flexural Properties of Unreinforced and Reinforced Plastics\ahd E
Insulating Materials

Flexural Properties of Unreinforced and Reinforced Plastics and E
Insulating Materials (Metric)

Specific Gravity (Relative Density) and Density.6f Plastics by Disp
Tensile Properties of Plastics at High Speeds)(Piscontinued 1992)
Apparent Interlaminar Shear Strength of Parallel Fiber Compositeg
Method

Tensile, Compressive, and Flexural Creep and Creep Rupture of P

U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins AV

Philadelphia,

MIL-STD-105

PA 19111-5094.

Sampling Procedures and Tables for Inspection by Attributes

MIL-STD-2073-1 DOD Materiel Procedures for Development and Application of P

Material:

Shall be rods

Requirements

FQUIREMENTS:

ectrical

ectrical
acement

by Short Beam

lastics

enue,

ackaging

ofCircular cross cnr‘finn, fahricated h\]/ the plllfrncinn process from-thd

necessary

number of unidirectional, continuous, aramid rovings and a high-quality, weather-resistant,
thermosetting polyester resin binder. The rods shall be coated for enhanced weatherability and
resistance to handling damage.

3.1.1 Roving: Each roving shall have a denier of not less than 14,200, formed by gathering
continuous-filament, aramid-fiber yarns together into approximately a parallel arrangement without
twist. The yarns shall conform to AMS 3901/4 and shall be free of splices.

3.1.2

Resin Binder: Shall be a high-quality, weather-resistant, thermosetting polyester resin, cross-linked
with styrene. The resin formulation may contain a catalyst, a die lubricant, and additives for

enhanced weather resistance, flame retardance, and anti-tracking qualities, but it shall not contain
a wetting agent or a coupling agent, and shall be free of grease, ail, dirt, and other foreign matter.

2.
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3.1.3 Coating: Shall be primarily organic, but may contain inorganic ingredients. Coating shall be
applied uniformly over the cylindrical surfaces of the rods to a thickness of 0.010 inch = 0.005

(0.25 mm £

0.13).

3.1.3.1 The surfaces of coated rods shall be smooth, nonporous, and free of cracks. The coating shall
not contain scratches, gouges, or other handling damage. Scuff marks and occasional blisters
not exceeding one in any 5 feet (1.5 m), pits, and other manufacturing imperfections will be
acceptable provided that they neither penetrate to the substrate nor protrude above the surface

by more t

han 3% of the finished rod diameter

3.1.3.2 The coati
and 4.5.2

3.2 Fabrication:

3.2.1 Roving Pre
(121°C 6
passing thr

3.2.2 Pultrusion:
pultrusion iy

3.2.3 Caoiling: Coi
Coiling sha
momentaril
be not less
accordance

3.2.3.1 Rods furn
3.2.4 Post Curing

be post-cur
supported g

ng shall be flexible and adherent to the substrate, determined in_accor

baration: The roving shall be dried for not less than‘eight hours at 250
, immediately prior to impregnation, and shall be maintained in the dr
bugh a suitable heating chamber until immersed in the resin trough.

Pultrusion of the rods shall be performed-if’accordance with best prac
dustry.

ling of rods shall not be attempted-until the rods have cooled to below|
| be accomplished with care tosensure that no portion of the rod is ber
, to a radius of curvature lessthan one-half the coil diameter. The co
than 300 times the rod diameter, unless rods have passed the coiled
with 4.5.12 utilizing a smaller coil diameter.

ished in straightlengths shall not be cut from coils.
: When spéeified by purchaser, straight rods not exceeding 10 feet (3

bd for natless than 15 hours at 275 °F £ 10 (135 °C + 6). The rods sk
uring jpest curing to avoid warping.

dance with 4.5.1

°F+ 10
y condition by

tices of the

100 °F (38 °C).
t, even

| diameter shall
storage test in

m) in length shall
all be fully

3.3 Properties:

Rods shall conform to requirements shown in Table 1; tests shall be performed on the rods supplied

and in accord

ance with specified test methods, insofar as practicable.
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TABLE 1 - Properties

Paragraph Property Requirement Test Method
3.3.1 Tensile Strength, minimum 125 ksi 453
(862 MPa)
3.3.2 Stress-Rupture-Strength,-iptmam +0-0-kst 4.5
(483 MPa)
3.3.3 Flexural Strength, minimum 95% of 455
at 68 to 86 °F (20 to 30 °C) Proproduction Value
at-70 °F + 5 (-57 °C £ 3) 90% of
Preproduction Value
3.34 Vibration Fatigue Strength Pass 45.6
At 70.0 ksi (483 MPa)
3.35 Dielectric Strength, minimum 457
Dry 70 volts/mil
(2.76 kVIm)
Wet 15 volts/mil
(0.59 kV/m)
3.3.6 Short Beam Shear Strength; minimum 4500 psi 45.8
(31.0 MPa)
3.3.7 Fiber Content Preproduction 459
Value £3%
3.3.8 Hardness, Rockwell E Preproduction 45.10
Value £10
3.3.9 Transverse Tensile Strength Preproduction 4511
Value +20%
3.3.10 Density Preproduction ASTM D 792
Value £10%

3.4 Quality:

Rods, as received by purchaser, shall be uniform in quality and condition, smooth, and free from
foreign materials and from imperfections detrimental to usage of the rods.
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3.5 Tolerances:
Shall conform to the following:
3.5.1 Diameter: +3% of nominal

3.5.2 Length: Shall be as shown in Table 2.

TABLE 2A - Length Tolerances, Inch/Pound Units

Nominal Length Tolerance
Feet Feet

Up to 10, incl +0.10, -0
Over 10 to 50, incl +0.254-0
Over 50 +1.0,v -0

TABLE 2B - Length Tolerances, Sl Units

Nominal Length Tolerance
Meters Meters

Up to 3, incl +0.03, -0
Over 3 to 15, incl +0.08, -0
Over 15 +0.3, -0

3.5.3 Straightnesk: The déeparture from straightness for rods furnished in straight lengths shall not
exceed +0.04 ingh/foot (3.3 mm/m) of length.

4. QUALITY ASSURANCFE PROVISIONS®

4.1 Responsibility for Inspection:

The vendor of rods shall supply all samples for vendor's tests and shall be responsible for performing
all required tests. Purchaser reserves the right to sample and to perform any confirmatory testing
deemed necessary to ensure that the rods conform to the requirements of this specification.

4.2 Classification of Tests:
4.2.1 Acceptance Tests: Tests for material (3.1), tensile strength (3.3.1), fiber content (3.3.7), hardness

(3.3.8), transverse tensile strength (3.3.9), density (3.3.10), quality (3.4), and tolerances (3.5) are
acceptance tests and shall be performed on each lot.
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4.2.2 Periodic Tests: Tests for flexural strength (3.3.3) are periodic tests and shall be performed at a
frequency selected by the vendor unless frequency of testing is specified by purchaser.

4.2.3 Preproduction Tests: Tests for all technical requirements are preproduction tests and shall be
performed prior to or on the initial shipment of rods to a purchaser, when a change in ingredients
and/or processing requires reapproval as in 4.4.2, and when purchaser deems confirmatory testing
to be required except that the coiled storage test (4.5.12) is not required unless rod is to be
supplied in coil diameters less than 300 times the nominal rod diameter.

4.2.3.1 For direct]

preprodugtion test material shall be submitted to the cognizant agency as direc
procuring|activity, contracting officer, or request for procurement.

4.3 Sampling and

Shall be as fqllows:

4.3.1 For Acceptance Tests: Shall be in accordance with SinglexSampling for Normal In
General Ingpection Level Il, specified in MIL-STD-105 as-shown in Table 3. Test

be taken frg
requirement

less than three.

43.1.1 Alotshal
conditiong
inspectior

U.S. Military procurement, substantiating test data and, when requesjed,
ed by the

Testing:

m rods selected at random throughout the“lot. The number of determ

spection,
5pecimens shall
Inations for each

shall be as specified in the applicable test procedure or, if not specified therein, not

be all rod produced from the same batches of ingredients, using the $ame processing

on the same machine, in.nat longer than 24 hours, and presented fo
at one time.

TABLE 3 - Inspection Unit Sampling

Number of Number of Number of
Inspection Units Nonconforming Nonconforming

Number of from Which Samples Samples

Inspection Units  Samples are to to
T thetot to e Taken ATTEpt Reject

1to 50 8(4.3.1.2.1) 0 1
51to 90 13 1 2
91 to 150 20 1 2
151 to 280 32 2 3
281 to 500 50 3 4

vendor's

4.3.1.2 Aninspection unit shall be each coil or 1000 feet (305 mm) of rod, whichever is smaller, using
both ends of each coil.
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43.1.2.1
unit.

If the number of inspection units to be sampled equals or exceeds the lot size, inspect each

4.3.1.3 After 10 consecutive lots meet Table 3 requirements, inspection sampling may be reduced for the
product of that machine to Special Inspection Level S-1, MIL-STD-105, wherein the Single
Sample Size is 3 and the Acceptance Number is 0. Should any rejections occur, sampling shall
be returned to that of Table 3 for at least 10 consecutive satisfactory production lots.

4.3.2 For Periodi
4.4 Approval:

4.4.1 Sample rod
approval bg
to those on

4.4.2
production

t and Preproduction Tests: Shall be as agreed upon by purchaser and

shall be approved by purchaser before rod for productiomuse is supp
waived by purchaser. Results of tests on production rad shall be ese
the approved sample.

Vendor shall use ingredients, manufacturing procedures, processes, and methods

od which are essentially the same as those<utsed on the approved sa

necessary o make any change in ingredients, in typef equipment for processin

manufactur
changes in
by the revis

45 Test Methods

4.5.1 Coating Fle
full-diamete

ng procedures, vendor shall submit for reapproval a statement of the
ngredients and/or processing and, when requested, sample rod. Proq
ed procedure shall not be shippedprior to receipt of reapproval.

Xibility: Shall be determined in accordance with ASTM D 2289 using 4
r rod having lengthshot exceeding 50 times the rod diameter. The spg

subjected t¢ an axial tensile"stress of 70.0 ksi (483 MPa) using a testing speed w

required ten
requiremen

sile load in ndt.more than one second. Any loading method which mg
may be used, including high-speed testing machines and drop weigh

specimen shall be examined, using not over 10X magnification, not less than 12
load is rempved< Hairline cracks in the coating in a direction transverse to the rog
evidence of| ceating damage are not acceptable.

vendor.

ied, unless such
htially equivalent

of inspection on
ple. If

,orin

proposed

uction rod made

specimen of
cimen shall be
hich attains the
pets this

ts. The

hours after the
axis or other

45.2

Coating Adhesion: Shall be determined using a specimen of full-diameter rod. A transverse saw

cut shall be made on the surface of the specimen to a depth of one-fourth to one-third of the rod
diameter. Using the point of a sharp instrument, such as a penknife or surgical blade, attempt to
pry off the coating at the edges of the saw cut. If a single piece of coating having a surface area
greater than 1/8 inch (3.2 mm) square can be flaked off cleanly from the substrate, the rod is not

acceptable.
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453

45.4

45.4.1 The spec

455

45.6

457

Tensile Strength: Shall be determined in accordance with ASTM D 638 or ASTM D 638M. The
specimen shall be a full-diameter rod, having length not less than 100 times the rod diameter, to
which high-performance end fittings or grips have been attached. The specimen shall be loaded to
a tensile stress of not less than 125 ksi (862 MPa) and the load maintained for not less than one
minute without visible or audible evidence of incipient failure. A mechanical failure of the specimen
initiating in an end fitting or grip prior to completion of the one minute interval shall constitute an

invalid test. In case of dispute between purchaser and vendor, results obtained u
or grips Corfnrming tovendor's Qpnr‘ifir‘;\tinnc shall govern

sing end fittings

Stress-Rup
in accordarlice with ASTM D 2990 and as follows:

to which guitable end fittings or grips have been attached. The specimen, not i
fittings or|grips, shall be exposed for not less than 240 hoursfin an environment
maintaingd at 160 °F + 5 (71 °C + 3) and saturated humidity~conditions, while u
load suffigient to produce an initial tensile stress of 70.0:ksi (483 MPa). The rod
structural|damage, deterioration, or other evidence of<incipient failure. A mecha

ure Strength: Stressed exposure to simulated weather conditions.shall be determined

men shall be a full-diameter rod, having length not less than 50 times ’Lhe rod diameter,

cluding the end
hl chamber
hder a constant
shall exhibit no
\nical failure of

the specimen initiating in an end fitting or grip priorte completion of the 240-hoyr interval shall

constitute
using end

an invalid test. In case of dispute between purchaser and vendor, re
fittings or grips conforming to vendor's specifications shall govern.

Flexural Strength: Shall be determined in‘aeccordance with ASTM D 790 or ASTM
specimens pf full-diameter rod, three-point loading, and a span-to-diameter ratio

Vibration Fatigue Strength: Shall be determined using a full-diameter rod, having
than 300 times the rod diameter;*subjected to forced, transverse vibration at a reg
frequency hetween 45 and©@0-Hz while under an axial tensile stress of 70.0 ksi (4
double amglitude of vibration at an anti-node point shall be not less than twice thg

Specimens|shall exhibit-no evidence of damage after 100 million cycles.

Dielectric Strength:Shall be determined in accordance with ASTM D 149, short ti
disk specimensaving Iength apprOX|mater equal to the rod diameter or 0.50 ing

bults obtained

D 790M using
pf 40:1.

ength not less
onance

83 MPa). The
rod diameter.

me test, using
h (12.7 mm).

Tests shall be-perfc . : C
frequency of 60 Hz. Dry speumens shaII be condltloned at 77 °F + 9 (25 °C + 5)

volts/second at a
and relative

humidity of 50% = 5 for not less than 24 hours prior to testing. Wet specimens shall be tested

immediately after immersion in boiling distilled water for not less than two hours.

4.5.7.1 Disk specimens shall be cut from full-diameter rod using a water-cooled, diamond cut-off saw, or
equivalent, to obtain faces which are smooth and parallel, perpendicular to the rod axis, and not
frayed at the edges. The water shall be carefully blotted from the disks, immediately after cutting.

4.5.8 Short Beam Shear Strength: Shall be determined in accordance with ASTM D 2344 using

specimens of square cross-section machined from full-diameter rod.
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