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INFORMATION SHEET
on

FEDERAL TEST METHOD STANDARDS

This Federal Test Method Standard is issued in
loose leaf form to permit the insertion or removal of
_ new or revised _sections and test methods,

All users of Federal Test Method Standards should keep
them up to date by inserting revised or new scctions and
test methods as issued and removing superseded and canceled
pages .

New and revised material and cancellations will be issued
under change notices which will be numbered consecutively and
will bear the date of issuance. Change notices should be
retained and filed in front of the alphabetical index of the
standard until such time as they are superseded by a reissue
of the entire standard.
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SECTION t

SCOPE, CONTENTS, AND NUMBERING SYSTEM

1. SCOPE

1.1 This standard gives the general
physical, electrical, and chemical methods
for testing insulated wire and cable for
electrical purposes for conformance with
the requirements of Federal and Military
specifications, and other related docu-
ments, It was prepared in order to elimi-
nate unnecessary or undesirable wvariation
in testing procedures. This standard does
not include special test methods applicable
to certain wires and cables which are de-
cribed in the appropriate detail specifica-
tions, nor does it include all the test
methods for wires and cables used in the
industry. In case of conflict between the
provisions of those methods and those of
the individual test procedures or specifi-
cations for particular material, the latter
shall take precedence,

2. CONTENTS

2.1 The contents of this standard are as
follows:

Section:

1, Scope, Contents, and Numbering System.

2. Alphabetical Index of Test Method
Subjects.

3. Numerical Index of Test Methods.

Group:

1000 - Geometrical Measurements.
2000 — Mechanical Tests.

3000 — Tension Tests.

4000 — Accelerated Aging Tests.
5000 —~ Thermal Tests.

6000 — Electrical Tests.

7000 — Chemical Tests,

8000 — Miscellaneous Tests,

4. Subject Index.

5. Definition of Terms.

6. Temperature and Humidity of Condi-
tioning Roonm.

. Notes.

. Test Methods,

. NUMBERING SYSTEM

.1 New methods., A method number will
be assigned so that the new method is lo-
cated close to methods of similar or relat-
ed tests.

3.2 Revision of existing methods. When
a2 techrical change or modification is
issued. it will be identified by adding a
decimal point to the basic method number or
by increasing the decimal by one digit;
e.g., 3111, if modified or changed, would
be 3111.1; and 2011.1, i! moditied or
changed, would be 2011.2.

FED. TEST METHOO STD. NO. 228
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SECTION 2

ALPHABETICAL INOEX OF TEST METHOD SUBJECTS

Method Method
Title No. Title No.

Abrasion Resistance 2211 Overlap, Cotton Tape.. 1711
Alr Oven Test, Insulation and Oxygen Pressure Test, Insulation
Sheath... — 4031 and Sheath_ — —- 4011
Air Pressure Test, Insulation and Picks Per Inch, Braidemeacccmaaoo «4 8011
Sheath. 4021 Resistance, Electrical, Conductor..) 6021
Angle, Braid. 1611 Resistance, Electrical, Insulation. 6031
Angle, Wrap. 1621 Resistance, Electrical, Steel Armor. 6011
Angle of Braid, Metal ArgoOreceeeea-d 1631 Resistance to Acid and Alkali_.____{ 7011
Buffing, Insulation and Sheath._.._.. 3011 Resistance to Heat, Oxygen, Air,
Calibration, Tension Testing Ligbt, and Ozone; General.._ _..._._.. 4001
Machine 3018 Resistance to Light, Insulation
Capacitance Change with Time in and Sheath. 4131
Water. 6271 Resistance to 0il, Insulation and
Carriers, Ends per Carrier, and Ply Sheath. 4221
of Yarns; Braid —- 8021 Resistance to 0il, Insulation and
Chenmical Tests; Generala e coecea.d 7001 Sheath (Recovery Method)meceecae . - 4223
Circumference 1441 Resistance to Ozone, Insulation and
Conductor Coating, Ammonium Sheathe e 4111
Persulfate. ————) 7123 Resistance to Petrolatum, Varnished
Conductor Coating, Sodium Poly- Cloth ——— —— ——— 4211
sulfidecacao—a —— 7121 Size, Conductor... - 1431
Coverage, Braid, Metal Armor-o__._.. - 8121 Specific Gravity; HydrostatiCea_.... 3322
Coverage, Wrap or Servingeeceeceeaa-d 8131 Specific Gravity; Pycnometer.o... ... 8321
Diameter, Armor W.re..____._. ————— 1421 Springiness, Armor Wire.o oo o4 2161
Dielectric Strength, Cloth and Tape_| 6221 Surface Resistance, Finished ¥ire
Direction of Lay. - 8111 and Cablea e me e - o041
Drip, Cableau e 5141 Tearing Strength, Sheathe v 4 3111
brip, Fibrouus Covering 5131 Teunsile Strength, Insulation and
Elongation, Armor 2111 Sheath_ 3021
Elongation, Insulation and Sheath._. 3031 Tensile Strength, Varnished Cloth
Flammability, Horizontaleecaecemaeo-d 5211 Insulation 317
Flammability, Spark Method.o. __..._. 85231 Tensile Strength and Elongation,
Flammability, Vertical 8221 Medium.
Flexibility, Armored Cable, Low Hard-Drawn or Hard-Drawn

Temperature 2021 Conductors_ 3212
Flexibility, Cotton Covered Elec- Tensile Strength and Elongation,

tric Cord. ————ey 2031 - Soft or Annealed ConductorSeam-... - 3211
Flexibility, Extensile and Tensile Stress, Insulation and

Retractile Cord 2051 Sheath. 3041
Flexibility, Fibrous CoveringS.-..... 2041 Tension Set, Insulation and S8heath.. 3161
Flexibility, Fibrous Coverings, Low Tension Tests, Insulation and

Temperature 2043 Sheath; Generalaaaecaccccccccana-d 3001
Flexibjility, Insulation, Low Test Tube Heat-Aging, Insulation
Temperature 2011 and Sheath. 4041
Heat Distortion, Insulationeea—..... 85021 Thickness, Bedding; Diameter Tape... 1173
Heat Shock, Insulation.._. 5011 Thickness, Bedding; Micrometer
Identification, Synthetic Elastome- Caliper 1171
ters, Insulation and Sheath ... | 7281 Thickness, Braid_ 1111
Insulation Defects, Spark Test_...._. 6211 Thickness, Cotton Tape; Dial

Insulation Shrinkage (Molten Solder Nicrometer. 1124
Method) . 8231 Thickness, Cotton Tape; Micrometer

Lay of Twist, Armor Wir€meaceeee-.4 1511 Caliper 1121
Lay of Twist, Cable 1521 Thickness, Insulation; Dial

Lead Sheath, Compositiofeeamanaa—an | 7231 Micrometer. 1013
Length of Lay, Wrap or Servingeo—... 1531 Thickness, Insulation; MNicrometer

Melt, Fibrous Covering 5111 Caliper -— 1011
Mineral Content, CoveringSeecamee—o-d 7211 Thickness, Insulation, Ninimum;

Moisture Absorption, Fibrous Pin-Gage Dial Micrometer  oe——__. - 1014
Covering. 8221 Thickness, Insulation; Opticalo____| 1018
Moisture Absorption, InsulatioNea..d 8211 Thickness, Lead Sheath; Micrometer
Opening, Armor 2181 Caliper (Flat Anvil) —— 1313

FED. TEST. METHOD STD. NO. 228
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ALPHABETICAL INDEX OF TEST METEOD SUBJECTS—Continued

Method Method
Title No. Title No.
Thickness, Lead Sheath; Micrometer Toughness, Armor Wir€maeaccceomeo. 2131
Caliper (Round AnVil) cmccoecmcemaa 1311 Voltage Withstand, Insulated Wire
Thickness, Metal TAPS ArmOTaccecccm.d 1211 ana Cable. 6111
Thickness, Serving; Diamater Tape...J 1153 Voltage Withstand, Insulation,
Thickness, Serving; Micrometer Flexing 6121
Caliper 1151 Voltage Withstand, Insulation,
Thickness, Sheath. 1331 Tlexing, Lov Temperstureoo.._. ——— 8131
Thickness, Varnished Cloth....——.. 108 Weighti, Wire or Cable, Conductor
Thickness, Yoven or Braided Metal and Covering Material 8311
Armor; Diameter Tape 1223 Width, Metal Tape ATBOrcacccaee—-o-d 1411
Thickness, Woven or Braided Metal Yarns per Inch, Fibrous Covering...d 8031
Armor; Micrometer Cln.pcx-........._.ﬁ 1221 Yarns per Inch, Varnished Cloth....l 8033
Thickness, Wrap. 1141 Yarn Size, ¥rap and Serving.ececcee--. 8041
Tightness, Armor 2173 Zinc Coating, Steel ATBOF e e e 7111

FED. TEST METHOD STD. NG. 22¢
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~ SECTION 3
NUMERICAL INDEX OF TEST METHODS

Group 1600 - Geometrical Measurements

' !
Title | Method | Title . Method
1 No. J ; No.
Thickness, Insulation; Micrometer Ca.uperj 1011 || Thickness, Woven or Bralded Metal {
Thickness, Insulation; Dial Micrometer- - -~ 1013 || Armor; Diameter Tape- - - - - - - - ;1223
Thickness, Insulation, Minimum; Pin- Gage Thickness, Lead Sheath; Micrometer
Dial Micrometer - - = - - = = = = v =« - = 1014 Caliper (Round Anvil) - = =« = = = « = 1311
Thickness, Insulation; Optical - = = - = - = = 1018 Thickness, Lead Sheath; Micrometer [
Thickness, Varnished Cloth - - - - - - - - - 1051 Caliper (Flat Anvil)-e= => ~ = = = = =1 1313
Thickness, Braid- - - = - ~ = = = = = = = = -| 1111 || Thickness, Sheath - = - - = = - = = - - | 133
Thickness, Cotton Tape; Micrometer Width, Metal Tape Armor- - - - - ~ « 1411
Caliper <~~~ - = v e v oo nnaa 1121 Diameter, Armor Wire = = - = = = - - 1421
Thickness, Cotton Tape; Dial Micrometer- -| 1124 Size, Conduetor = = - = =« « = = - - - 1431
Thickness, Wrap - » ===~ = == == = - = - 1141 Circumierence= ~ = - = =« = = = =« = - 1441
Thickness, Serving; Micrometer Caliper - -| 1151 Lay of Twist, Armor Wire « - - - - - 1511
Thickness, Serving; Diameter Tape - ~ - - = 1153 || Lay of Twist, Cable ~ ~ - - = ~ - - - - 1521
Thickness, Bedding; Micrometer Caliper - -; 1171 i Length of Lay, Wrap or Serving- - - - 1531
Thickness, Bedding; Diameter Tape- - - - - 1173 ) Angle, Braid- = = = = =« = - c v -2 - - 1611
Thickness, Metal Tape Armore- - - - - - - - 1211 Angle, Wrap- -« = -« - - - -« - 1621
Thickness, Woven or Braided Metal Armor; Angle of Braid, Metal Armor - - - - - 1631
Micrometer Caliper- - - - - = = - = = = - - 1221 Overlap, Cotton Tape - = = = = = - - - 1711
Group 2000 - Mechanical Tests
Flexibility, Insulation, Low Temperature- -{ 2011 Flexibllity, Extensile and Retractile
Flexibility, Armored Cable, Low Cord - --=ceeccecccneenn- 2051
Temperature - - - e« e v o o o c =« o = - 2021 Elongation, Armor- - = - = - = - - - - 2111
Flexibility, Cotton Covered Electric Cord- -| 2031 Toughness, Armor Wire- - - = - « - = 2131
Flexibility, Fibrous Coverings- ~ « - ~ - - « 2041 Springiness, Armor Wire - - - - ~ - - 2161
Flexibility, Fibrous Coverings, Low Tightness, Armor - - <« = = = - = = = - 2171
Temperature = = « « = = - = s c 2o v a oo 2043 Opening, Armor = = = = = = = = = = = = 2181
il Abrasion Resistance- - = - - - - - - - 2211
Group 3000 - Tension Tests
1
Tension Tests, Insulation and Sheath; Tearing Strength, Sheath - - - - - - - v 3111
General - - - c = cceecmeuccnnana 3001 Tension Set, Insulation and Sheath - i 3161
‘Buffing, Insulation and Sheath - - = = = - - 3011 Tensile Strength, Varnished Cloth
Calibration, Tension Testing Machine- - - -{ 3018 Insulation = = = = =~ - - -~ - 3171
Tensile Strength, Insulation and Sheath - - -] 3021 Tensile Strength And Elongation, Soft ’
Elongation, Insulation and Sheath - - - - - o) 3031 or Annealed Conductors- - - - - - - 3211
Tenslle Stress, Insulation and Sheath - - - - 3041 Tensile Strength and Elongation,
Medium Hard-Drawn or Hard-Drawn
Conductorg = « = » e = s e c o = - - - ' 3212

FED. TEST. METHOD STD. NO. 228
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NUMBERICAL INDEX OF TEST METHODS--Continued

Group 4000 - Accelerated Aging Tests

Title Method Title Method
No. No.
Resistance to Heat, Oxygen, Air, Light Resistance to Ozone, Insulation and Sheath-| 4111
and Ozone; General -~ ~ ~ -~ - - - - - <~ 4001 Resistance to Light, Insulation and Sheath -| 4131
Oxygen Pressure Test, Insulation and Resistance to Petrolatum, Varnished
Sheath - - - =« - = - ==~ <= ->---~ | 4011 | Clothe === s mr e v memme - o 4211
Air Pressure Test, Insulation and Sheath -i 4021 { Resistance to Oil, Insulation and Sheath - -; 4221
Air Oven Test, Insulation and Sheath - - -| 4031 Resistance to Oll, Insulation and Sheath
Test Tube Heat-Aging, Insulation and (Recovery Method}- ~ « = - ==~ -+ -~ - 4223

Sheath- - -=----==----0oc=0v-- 4041

Group 5000 - Thermal Tests

Heat Shock, Insulation = =~ - = = = - = - - - 5011 Drip, Cable - - = - - === === c--- - -] 5141
Heat Distortion, Insulation------ - - -| 5021 Flammability, Horizontal- - - = = - - - - ~ 5211
Melt, Fibrous Covering - ~ =<« ==~ - -~ 5111 Flammability, Vertical - - - - - - - - - -« 5221

Drip, Fibrous Covering - - ------ -~ $131 Flammability, Spark Method - - - - - - - - 5231

Group 6000 = Electrical Tests

Resistance, Electrical, Steel Armor - - -{ 6011 | Voltage Withstand, Insulation, Flexing- - -1 6121
Resistance, Electrical, Conductor- - - - - 6021 l Voltage Withstand, Insulation, Flexing,
Resistance, Electrical, Insulation- - - - - 6031 Low Temperature - - - = = = = - = = = = = 6131
Surface Resistance, Finished Wire and Insulation Defects, Spark Test « = - - = ~ 6211
Cable - -=---» s cccecenmr-n--- ! 6041 Dielectric Strength, Cloth and Tape - - - -| 6221
Voltage Withstand, >isulated Wire and © Zagas:tanee Change with Tune in Water - - 6271
Cable - - = comewcmcnocnnc-- o6y | |
A \' —_— D S
Group 7000 - Chemical Tests
Chemical Tests; General« - - - - - = - - = 7001 Mineral Content, Coverings- - - - < ~ - - -1 7211
Resistance to Acid and Alkali - - = - - - =/ 7011 Lead Sheath, Composition- - - - - - - = - ~ 7231
Zinc Coating, Steel Armor=- - -~ -~ - -~ 7111 identification, Synthetic Elastomers,
Conductor Coating, Sodium Polysulfide - -} 7121 Insulation and Steath= - « « = = = = = = = ~ 7251
Conductor Coating, Ammonium Persulfate | 7123

Group 8000 - Miscellaneous Tests

Picks per Inch, Braid - « -« « « = - - - - - 8011 Coverage, Wrap or Serving- -~ - - - - - - ~ © 8131
Carriers, Ends per Carrfer, and Ply Motsture Absorption, Insulation - = - - = = | 8211
of Yarns; Brajd « « -~ - = = = - = = - == 8021 Moisture Absorption, Fibrous Covering - -| 8221
Yarns per Inch, Fibrous Covering- - - - - 8031 Insulation Shrinkage (Molten Solder
Yarns per Inch, Varnished Cloth- - - - - - 8033 Method) - -~ =~=--==----==a--~ - 8231
Yarn Size, Wrap and Serving - - - - - - - 8041 Weight, Wire or Cable, Conductor and
Directionof Lay - = ~ =~~~ === ===~ B111 . Covering Material ~ = « - - - - = z-==- 831
Coverage, Braid, Metal Armor - - - -~ - ~ 8121 Specific Gravity: Pycnometer- - - - = « = -| 8321
Specific Gravity; Hydrostatic = - < - - - - - | 8322
——d

FED. TEST METHOD STD. NO. 228 2
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SECTION 4
SUBJECT INDEX
Subject Index Subject Index

Acid, alkali test: Fibrous Carriers:
coverings and armoro..—.-..Jd Method 7011 Braide oo Method 8021

Air oven test: Insulation Definition Of e Section §
and sheath . __________| Metbod 4031 Chemical teBtSao e _ _.j Group 7000

Air pressure test: lnsula- Circular mil: Definition of..] Section §
tion and sheath . ___________] Method 4021 Circumference:

Angle: Cable and wireo o e euono J Method 1441
Braid oo -—————— ] Method 1611 ConductorS. avcmmm e acmcaead Method 1441
Metal armor, braided._______ Method 1631 Coatings:

Wrap. — ..] Method 1621 Armor, zinc coated steel.o.___..} Method 7111

Armor: Conductor coatings: .

Braided metal: Fersulfate — Method 7123
Angle — Method 1631 Polysulfide. Method 7121
Coverage_ Method 8121 Completed wire and cable:

Elongation. Method 2111 Definition Ofaeecancmeea ——w—e-{ Section 5
Thickness._ Methods 1221 Composition:

Metal tape: Insulation and sheathooao___ -4 Method 7251
Coating, uniiormity--..-..# Method 7111 Lead sheathe mcccmcccae e 1 Method 7231
Elongation o] Method 2111 Concentric lay: Definition
Flexibility, low [} SR —— Section 5

temperature. o cee e ..4 Method 2021 Conductor:
Lay, direction of__________ Method B111 Circumference_ Method 1441
(27213 T § .1 -=| Method 2181 Coating, uniformity:
Thickness. Method 1211 Persulfate. Method 7123
TightnesSS. mee e Method 2171 Polysulfide_ . Method 7121
Widtha - Method 1411 Definition Of oo - Section §

Nonmetallic: Acid and Elongation:
alkald resistance ool Method 7011 Hard-drawn_________________ Mpthnd 3212

Steel: Soft, annealed. Method 3211
Coating, zinc, uniformity..] Method 7111 Josulated, definition of..__.| Section §
Blongation. Method 2111 Lay, direction ofcueo_. ————=- Method 8111
Flexibility, low Resistance, electrical....... Method 6021

tenperaturea nmnrcmacmcnee Mothod 2021 Size Method 1431
Opening.ecccancccncneceme——- Hethod 2181 Stranded, definition... . ._..] Section §
Resistance, electrical..._..! Method 6011 Tensile strength:

Tightnesa == Method 2171 Hard-drawn_ Method 3212

Wire: Diameter .. .___| Method 1421 Soft, annealed. Method 3211

Armor wire: Weight___ -c-- Method 8311
Lay: Cord, electric: Flexibility._| Method 2031
Direction of. o e _..] Method 8111 Coverage :

Oof twist Method 1511 Armor, braided metala_coeo_.. Method 8121

Springicesa . o] Method 2161 Wrap or serving Method 8131

Toughness Method 2131 Covering, fibrous:

Bedding: Acid and alkali resistance...| Method 7011
Lay, direction ofa oo _.] | Method 8111 Flammability:

Thickness. Methods 1171 Horizontal. Method 5211

and 1173 Spark — Method 5231

Braid: Vertical Method 5221
Angle Method 1611 Mineral content Method 7211
Carriers. Method 8021 Moisture absorptiofe. eeeo.__ Method 8221
Ends. ——— Méthod 8021 Yarns per inch. Method 8031
Picks per inche o Method 8011 Weight Method 8311
Ply of yarn Method 8021 Defects:

Thicknessa e e} Method 1111 Insulation, spark test_...._. Method 6211

Buffing: Insulation and Definitions of tOr M e Section §
Sheath .. - Method 3011 Diameter: Armor, wire—.. ... ~ Method 1421

Bunched lay: Definition ot.1 Section § Dielectric strength: Cloth

Calibration: Tension test- and tape -— ewe-- Method 6221
ing machin€a  mmcc o ——oe{ Method 3016 Direction of lay:

Capacitance: Insulation, Definition Of e ] Section 5
change_ - Method 6271 Determination of e cccaao -—{ Method 8111

FED. TEST METHOD STD. NO. 228
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SUBJECT INDEX—Con~*inued

Subject Index Subject Index

Distortion, heat: Insula- Set, teNSiONe - oo cmcee ] Method 6031

10N mreemeccecme—e—~e—e—-o Method 5021 Spark tesSto o cceceemeee—e—o —| Method 6211
Drip test: Specific gravity:

Cablémee e weud Method 5141 HydrostatiCemmmcmco e ceeee Method 8322

Fibrous COVeringe oo —ccmua- -~ Method 5131 Pycnometer.._ - Method 8321
Elastomers: Qualitative Tensile strength:

L 2:-2-3 4 - S Method 7251 Rubber —_— -— Method 3021
Elongation: vVarnished cloth. —— Method 3171

ALDOT e e e - Method 2111 Tensile Stress . oo —| Method 3041

Conductors: Tension set_ Method 3161

Hard=drawn.ce-cccccecemea-wad Method 3212 Test tube heat-aging test__._.| Method 4041

Soft annealede oo oo 4 Method 3211 Tiickness:

Definition Ofcwaaaeo e meeaa{ Section § Dial micrometera.ccecoc—a-——« Method 1013

Insulation and sheatho o
Ends:
Definitionp of

Ends per carrier, braida....
Flammabilitye e manem ]

Spark testo_. ———

Flexibility:

Armored cable, low
temperatur€acemc e e e

Cord, electric, cotton

[T e RT2: of - N

Cord, Extensile and
Retractileo e e e
Fibrous coverings:
Low temperature . maoecw.. —_—
Room temperaturfe ccececaes
Insulation, low temperature.
Heat distortion: Insulation|

Heat shock: Insulation......
Insulation: .
Alr oven teStam e
Air pressure teStacmecmea. pa—
Capacitance teStaaccumean —

Composition, qualitative
tests. -
Defects, spark testo.__..____|
Detinition Ofmcaccccaa.
Elastomers, qualitative

tests. -
Elongationemcmcccaccaaa ——
Flammability_

Flexibility, low
temperature.
Flexinge e e et

Heat distortion e cccemma.

Heat shock. ——

Light resistance...—... ———
Moisture absorption,
mechanicall ——

0il resistanceo__... S—
Oxygen pressure testo o oco.. -
Ozone resistanCueccccmeca —
Petrolatum resistance._._.__ -—
Resistance:

Definution of o
Determination of---_-_-_--ﬁ

PED. TEST METHOD STD. NO. 228

Method 3031

Section &
Method 8021
Methods 5211
and 5221
Method 5231

Method 2021
Method 2031
Method 2051

Method 2043
Method 2041
Method 2011
Method 35021
Method 5011

Method 4031
Method 4021
Method 6271

Method 7251
Method 6211
Section 5

Method 7251

Method 3031

Metihods 5211
5221, and
5231

Method 2011
Methods 6121
and 6131
Method 5021
Method 5011
Method 4131

Method 8211
Methods 4221
and 4223
Method 4011
Method 4111
Method 4211
Section &
Method 6031

Micrometer calipero. oo coca_

Optical. —

Pin-gage dial micrometer.....
Voltage withstand:

Tnsulated wire and cnble----J

After flexXINge cecmecaac—— -

A ter flexing at low

temperatul Caccac e cm e
Lay:

Bunched, definition ofcccmaa_a]

Ccacentric, definition of ..
Direction of:

Definition 0fccmccccmmc e |

Latermination of ____ . .
Leugth of:

Definition Of e -—)

Wrap or serving.
Rope, definition c:t..........._.1
Twist:

DefinitioNaccccccaaa -————— -
Armor wire.
- Cable
Unidirectional, definition of.
Unilay, definition Ofecemca.
Lead: Chemical analy$iSe.... —
length of lay:
Definition Of e cemcamceeeae -
Wrap or servingeacecccecceaa R—
Light resistance: Insulatio
and sheath. p—

Median: Definition ofmccmccae
Melt test: Fibrous covering-
Miperal content: Fibrous
covering.
Moisture absorption:
Fibrous coveringeemccmccacaa.
Insulatidn.

0411 resistance: Insulation

and sheath. —
Opening: Armor.

Overlap: Cotton tapeoaceca-.a -

Oxygen pressure test:

Insulation and sheath e el

OZone resistance: Insulation
and sheath. ——— -
Pair:

Shielded, definition ofaocea
Twisted, definition ofocc.. -:]

Petrolatum; Resistance,

insulation and 6h@athe ccmemaeu

Method 1011
Method 1018
Method 1014

Method 6111
Method 6121

Method 6131

Section 5§
Section &

Section §
Method 8111

Section §
Method 1531
Section §

Section 3§
Method 1811
Method 18521
Section §
Section §
Method 7231

Section 5
Method 1531

Method 4131
Section §

Method 5111
Method 7211

Method 8221
Method 8211

Methods 4221
and 4223
Method 2181
Method 1711
Method 4011
Method 4111

Section S
Section §

Method 4211

/7
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SUBJECT INDEX—Continued

Subject Index Subject ATV Index

Picks: Softening point: Fibrous

Braids, picks per inch....._| Method 8011 coverings. — - Method 5111
Per inch, definition ofa._.. Section § Specific gravity:
Pitch diameter: Definition Insulation:

(<3 P, Section § HydrostatiCeeeemmcccacmacaa.| Method 8322
Ply: Pycnometer. - e Method 8321
Braid, ply of yarneea_ o -=| Method 8021 Springiness: Armor wir€eace.. Method 2161
Definition ofcemcnccaaao_—_{8ection § Stranded conductor:

Yarn, definition ofaaccaaaaa Section § Definition of. - Section §
Resistance: Tape:

Abrasiofecu e e Method 2211 Cotton:

Surface, Finished Wire and Flexibility e o eee——_{ Method 2031

Cable.
Resistance, electrical:
Armor, steel . _____ . __ . ____
Conductor. - -— —
Insulation o oo —o——
Definition of.____
Serving or wrap:

Lay:
Direction Ofa e
length of

Thickness :
Diameter 1ap@eccmcmcacmccma
Micrometer calipereaceacaea

Yarn Si2€ecc e

Sheath:

Lead:
Composition.

Thickness :
Micrometer caliper, flat
anvil

Micrometer caliper, round
anvilao. - -—
Plastic, rubber:
Alr oven 1S tlacamcmcaca—ans —
Air pressure test. . __o_._._
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SECTION §
DEFINITION OF TERMS

1. DEFINITION
1.1 The following definitions cover general
terms.

2. GENERAL TERMS

2.1 Bunched lay. In a bunched lay conductor,
the strands are twisted together in the same
direction without regard to geometrical arrange-
ment.

2.2 Carrier. A carrier is the yarn or com-
bination of several yarns laid parallel in the
braid by a single bobbin of the braiding machine,

2.3 Circular mil. A circular mi] is a unit of
area equal to 7/4 or 78, 54 percent of a square
mil. The cross-section area of a circle in cir-
cular mils is, therefore, equal to the square of .
its diameter in mils. A circular inch is equal
to 1, 000, 000 circular mils,

2.4 Completed wire or cable. A completed
wire or cable is one on which all mamufacturing
operations have been completed and which is
offered for inspection.

2.5 Concentric lay. A concentric lay con-
ductor or cable is composed of a central core
surrounded by one or more layers of helically
wound strands or insulated conductors, Itis
optional {for the successive layens to be
alternately reversed in direction of lay (true
concentric lay) or to be in the same direction
{undirectional lay).

2.8 Conductor, A conductor is a wire of cir-
cular cross section ora group of wires not
usually insulated from one another, suitable for
transmitting-a single electric current.

2.7 Direction of Iry. The direction of lay is
the lateral direction, either right-hand or left-
hand, in which a strand or insulated conductor
passes over the top as it recedes from an
observer looking atong the axis of the conductor
or cable,

2.8 Elongation. Elongation is the permanent
extensjon in the gage length of a test specimen,
measured after rupture, and expressed as a
percentage of the original gage length. Ultimate
elongation is the extension measured at the
moment of rupture and expressed as a percentage
of the original gage length. For example, if a

1-inch gage is marked on an unstretched specimen

and the specimen is stretched untll the gage
marks are 7 inches apart, elongation s 7
- 1 inch = 6 inches or 600 percent,

2.9 End. An end is an individual warp yarn,

2.10 Finished conductor. A finished con-
ductor is the metal conductor with insulation and
any covering present before agsembling into a
complete cable,

2.11 Insulated conductor (insulated wire). An
insulated conductor (insulated wire) is a conductor
(wire) surrounded by a layer or layers of non-
conducting material (insulation) which isolates
the conductor (wire) from other conducting
materials or from ground.

2.12 Insulation. Insulation 18 nonconducting
material used to separate a conducting material
from other conductors or from ground,

2.13 Insulation resistance. The insulation
resistance ot an insulated conductor is the elec-
trical resistance offered by its insulation to an
impressed direct-current potential tending to
produce a leakage of current through the same.

2.14 Lay of twist. The lay nt twist 1s the
ratio of the length of lay to the diameter of an
individual finished conductor or to the pitch
diameter of any layer of conductors of which the
cable is composed,

2.15 Length of lay. The length of 12y of
any helically wound strand of insulated conductor
is the axial length of one complete turn of the
helix, usually expressed in inches.

2,16 Median, When the numerical values for
a given property are arranged in ascending or
descending order, the median is obtained as
follows:

a, When the number of values is odd, the
median is the middle value in the series.

b, When the number of values is even, the
median is the arithmetic average of the two
middle values,

2.17 Picks per inch. Picks per inch is the
number of carriers in either direction contained
in 1 inch of the braid measured parallel to the
axis of the finished wire or cable,

2.18 Pitch diameter. The pitch diameter
of any layer of conductors of a cable is the dia-
meter of the circle passing through their centers.
2.19 Ply. A ply is an individual single yarn
in a ply yarn.
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2.20 Ply yarn. A ply yarn is the product
formed by twisting together two or more
single yarns,

2.21 Rope lay. In a rope-lay conductor the
stranded me:npers are twisted together with a
concentric lay, and the stranded members
tr\emselves may have either a bunched, concen-
tric, or rope lay,

2.22 Shieided pair. A shielded pair isa
twisted pair over which a close braid of copper
wire has been applied.

2.23 Stranded conductor. A stranded con-
ductor is a conductor composed of more than
one wire,

2.24 Tearing strength. Tearing strength is
the ratio of the maximum force applied during
tear of a specimen to the thickness of the
unstretched specimen.

2.25 Tensile strength. Tensile strength is
the maximum force per unit of the original
cross-sectional area of the specimen which
results in the rupture of the specimen. It is
calculated by dividing the maximum force in
pounds by the original cross-sectional area in
square inches,

2.26 Tensile stress. Tensile stress is the
force per unit of original crosa-sectional area
of the unstretched specimen required to stretch
the specimen to a stated elongation. It is
expressed in pounds of tension force per square
inch at the stated elongation, For example,

1, 000 pounds per square inch at 500 percent
elorgation. It is often designated in rubber
technology by the term ''modulus”

FED. TEST METHOD STD. NO, 228

DEFINITION OF TERMS--Continued

2.27 Tension set. Tension set is the elonga-
tion remaining after a specimen has been stretched
and held at a specified elongation for a given
period of time, then has been relleved of the
force, and is allowed to rest for a definite
period of time. It is expressed as a percentage of
the distance between the bench marks on the
unstretched specimen, For example, a specimen
is stretched from 1 to S inches for a period
of 10 minutes and then released. Its length after
the 10 minutes rest is 1,2 inches; therefore, the
set under these conditions is 0. 2 inch or 20
percent.

2.28 Twisted pair, A twisted pair is com-
posed of two insulated conductors twisted
together.

2.29 Unidirectional lay. Unidirectional lay is
that variation of concentric lay in which all the
helical layers of strands comprising the concen-
tric conductor have the same direction of lay.
The construction includes normal unidirectional
lay, in which each successive layer has a greater
lay length than the preceding layer, and unidirec-
tional equal lay (unilay), generally limited to 19
strands, in which all helical layers have the
same length of lay.

2.30 Unilay. See "unidirectional equal lay"
under unidirectional lay. "

2.31 Wire. A wire is a slender rod of
filament ot drawn metal.

2.32 Yam size. Yarn size (yarn number)
is a conventional relative measure of {ineness
or dimension., il is expressed as the number of
standard lengths per standard weight of the
material.

4
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TEMPERATURE AND HUMIDITY OF CONDITIONING ROOM

1. CONDITIONING

1.1 Standard atmosphere. Unless otherwise
specified, all physical tests of wire and cable
shall be made at a room temperature of 27°
+5° C. (80° +9° F,) except in the case of dis-
pute or disagreement between laboratories, It
is intended that the laboratory be maintained as
closely as possible to 23° C, and a relative
humidity of 50 percent. The tolerances indicated
are meant to cover variations froin these speci-
fied conditions which may occur at different
locations in the room,

1.2 Dispute testing. In the case of dispute
or disagreement between the laboratories,
unless otherwise specified, the specimen shall
be conditioned in an atmosphere of 50 14
percent relative humidity and a temperature of
23° +1° C, (73.5° :2° F),

1.3 Time of conditioning. Uniess otherwise
specified, the specimens shall be conditioned
for not less than 3 hours before being tested
and shall be tested in the same atmosphere.

FED. TEST METHOD STO. NO. 228
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SECTION. 7
NOTES

(Activities outside the Federal Government may obtain copies of Federal Specifications,
Standards, and Handbooks as outlined under General Informaticn in the Index of Federal
Snecifications and Stun rds and at the prices indicated in the Index. The Index, which
includes cumulative monthly supplements as issued, is for sale on a subscription basis by
the Superintendent of Documents, U. S. Government Printing Office, Washington, D.C. 20402,

(¢ .le copies of this specification and other product specifications required by active-
itie. outside the Federal Government for bidding purposes are available without charge at
th 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 ohtain copies of Federal Specifications, Standards,
and Handbooks and the Index of Federal Specifications and Standards from established dis-
tribution points in their agencies.)

CUSTODIANS : USER ACTIVITIES
Army - EL Army - None

Navy - SH Navy - YD. MC

Air Force -~ 17 Air Force - None
REVIEW ACTIVITIES: PREPARING ACTIVITY:
Army - EL, MI, MO, MU Army - EL

Navy - SH, WP
Air Fource ~ 11. 15 14. 85
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THICKNESS, INSULATION; MICROMETER CALIPER

1 SCOPE ‘

1.1 This method is-intended for use in de-
termining the thickness of the insulation of in-
sulated wire and cable. It is not recommended
for use when the thickness of the insulation is
less than 3/64 inch.

2. SPECIMEN

2.1 The specimen shall be & piece of the in-
spection unit st least 2 feet in length from which
any covering over the insulation has been
removed. ’

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Miorometer naliper graduated to read
in mils or 0.001 inch and having flat surfaces on
both anvil and end of epindle, each approxi-
mately 0.25 inch in diameter. The surfaces of
anvil and spindle shall be parallel to within

0.0001 inch.

3.1.2 Wipina cloth.

31.3 (Morvform or other suitadle solvent.

4. PROCEDURE

4.1 Average thickness. .

411 The specimen shall be free from me-
chanical damage. Any saturants or other
extraneous materials shall be removed from the
specimen by mesans of the cloth and solvent.
The micrometer caliper shall be applied directly
over the insulation so that the specimen can just
be moved between the anvil and the spindle
without distortion of the insulation. The di-
ameter over the insulation shall be read from
the micrometer caliper acale and the value re-
corded as D,.

412 The insulation shall then be removed
from the conductor and the diameter over the
conductor or the separator (if one is used)
measured as described sbove and the value re-
corded as D,. If a separator is present, the
diameter over the separutor shall be measured
as described for the diameter over the insuls-
tion. If s separator is not present, the anvil
and spindle of the caliper shall just be brought

into contact with the surface of the conductor
in such & manner that the conductor is not dis-
torted. The criterion of contact is the initial
development of frictional resistance to move-
ment of the conductor between the micrometer
surfaces.

4.13 Three sets of measurements equally
spaced along the length of the specimen shall
be made. Each set of measurements shell con-
gist of the maximum and minimum diameters
at the place measured. The diameter over the
insulation and over the conductor or separator
(if one is used) sball be determined as nearly
as practicable at the same point.

42 Minimum thickness,

4.21 The inspection unit shall be examined
for thin places in the insulation. The specimen
shall be taken from the inspection unit so as to
include the point where the insulation is consid-
ered the thinnest and shall be free from mechan-
ical damage. Any saturants or estraneous ma-
terials shall be removed from the insulation by
means of the cloth and solvent. The insulution
shall be removed from the specimen on the side
opposite the point considered thinnest. A
measurement including the thickness of the
insulation at the point considered thinnest and
the diameter of the conductor or separator (if
one is used) shall be made by applying the cal-
iper in the manner described in 4.1.1 for deter-
mining the diameter over the insulation and the
value recorded as d,.

422 The insulation at the point considered
thinnest shall then be removed from the con-
ductor and the diameter over the conductor or
separator (if one is used) measured as described
in 4.1.2 and the value recorded as d,.

423 The measurement over the insulation
and the diameter over the conductor or separa-
tor shall be determined as nearly as practicable
at the same point.

424 1f no thinnest point is located in the
insulation of the inspection unit, the procedure
ghall be as described in 4.1.

FED. TEST METHOD STD. NO. 228
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5. RESULTS

5.1 Calculations.

5.1.1 Awverage thickness. The thickness of
the insulation at any point shall be calculated as
follows:

Thickness, inch=D,—D,
2
Where:

D,=the diameter over the ipsulation at the point

measured, inches

D,=the diameter over the conductor or separstor at

the point measured, inches

512 Minimum thickness. The minimum

thickness of the insulation shall be calculated as
follows:
Thickness, inch=d,—d,
Where:
d,=the thickness over the insulation and conductor
or separator at the thinpest point, inches
d.=the diameter over the conductor or separatur,
inches

5.2 Average thickness.
5.2.1 TUnless otherwise specified in the detail

FED. TEST METHOD STD. NO 228

specification, three specimens from each inspec-
tion unit shall be tested.

522 The average thickness of the insula-
tion of the inspection unit shall be the average
of the results obtained from the specimens
tested.

53 Minimum thickness.

53.1 If a thinnest point is found in the in-
sulation of the inspection unit (4.2), the mini-
mum thickness of the insulation of the inspec-
tion unit shall be the thickness of the insulation
obtained at that point.

5.3.2 If no thinnest point is found in the
insulation of the inspecti n unit (4.2), the min-
imum thickness of the insulation of the inspec-
tion unit shall be the smallest of all values
averaged in determining the average thickness,
5.2.2.

54 The average thickness and minimum
thickness of the insulation of the inspection unit
shall be recorded to the nearest mil or 0.001.
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THICKNESS, INSULATION; DIAL MICROMETER

1. SCOPE

1.1 This method is intended for use in de-
termining the thickness of the insulation of
insulated wire and cable. It is not recom-
mended for use when the nominal thickness of
the insulation is less than 3, inch. It is faster
than method 1011,

2 SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at least 2 feet in length from
which any covering over the insulation has been
removed,

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Dial micrometer with a flat anvil and
a Aat presser foot 0,078 =0.003 inch wide and
0.875=0.015 inch long which exerts & total force
of 10=2.0 grams on the specimen, the force
being applied by means of s weight. The sur-
faces of the anvil und presser foot shall be par-
allel to within 0.0001 inch. The dial shall be
graduated to read in mils or 0.001 inch.

812 Wiping cloth.

813 Chloroform or other suitabls solvent.

4. PROCEDURE

4.1 Average thickness.

411 The specimen shall be free from me-
chanical damage. Any ssturants or other ex-
traneous materials shall be removed from the
specimen by means of the cloth -and solvent.
The specimen shall be placed on the anvil of the
micrometer and the presser foot lowered gently
(not dropped) until it contacts the surface of
the insulation. The diameter over the insula-
tion shall be read from the dial and the value
recorded as D 1

412 The insulation shall then be removed
from the conductor and the diameter over the
conductor or the separator (if one is used)
measured as described above and the value re-
corded as D,.

4.1.3 Three sets of measurements equally
spaced along the length of the specimen shall
be made. Each set of measurements shall con-
sist of the maximum and minimum diameters
at the place measured. The diameter over the
insulation and over the conductor or separator
(if one is used) shall be determined as nearly
as practicable at the same point.

42 Minimum thickness.

421 The inspection unit shall be examined
for thin places in the insulation. The specimen
shall be taken from the inspection unit so as to
include the point where the insulation is con-
sidered the thinnest and shall be free from
mechanical damage. Any saturants or extra-
neous materials shall be removed from the in-
sulation by means of the cloth and solvent.

42.2 The insulation shall be removed from
the specimen on the side opposite the point con-
sidered thinnest. A measurement including the
thickness of th:e insulution at the point con-
sidered thinnest and the diameter of the con-
ductor or separator (if one is used) shall be
made by applying the dial micrometer in the
manner described in 4.1.1 for determining the
diameter over the insulation and the value re-
corded as d,. The insulation at the point con-
sidered thinnest shall then be removed from the
conductor and the diameter over the conductor
or eparator (if one is used) measured as de-
scribed in 4.1.2 and the value recorded as d,.

423 The meusurement over the insulation
and the diameter over the conductor or separa-
tor shall be determined as nearly as practicable
at the same point.

424 If no thinnest point is located in the
insulation of the inspection unit, the procedure
shall be as described in 4.1,

5. RESULTS

5.1 The results shall be as described in
method 1011.

FED. TEST METHOD STD. NO. 228
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THICKNESS, INSULATION, MINIMUM; PIN-GAGE DIAL MICROMETER

1. SCOPE

1.1 This method is intended for use in de-
termining the minimum thickness of the in-
sulation of insulated wire and cable. It is rec-
ommended for use when the thickness of the
insulation is less than %, inch. It is more rapid
than method 1018 but is less accurate. It is not
applicable to the insulation from s stranded
conductor or when the diameter of the conduc-
tor is less than 0.042 inch.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit approximately 3 inches in length
from which any covering over the insulstion,
and the separator and conductor have been re-
moved without splitting the insulation. The
inner wall of the specimen shall not be torn or
damaged in removing the separator or con-
ductor.

3. APPARATUS AND REAGENTS

3.1 'The apparatus and reagents shall be 2
follows: .

3.L1 A4 pin-gage dial micrometer with s

fixed pin 0.04220.001 inch in diameter and 8, = -

1. inch in length as the anvil and a flat presser
foot 0.042x0.001 inch wide and 0.812=0.002
inch long, which exerts a total force of 252
grams on the specimen, the force being applied
by means of & weight. The micrometer shall be
graduated to read in mils or 0.001 inch.

312 Wiping cloth.

8.13 Chloroform or other suitadle solvent.

4. PROCEDURE

41 The inspection unit shall be examined
for thin places in the insulation. The specimen
shall be taken from the inspection unit so as to
include the point where the insulation is con-

sidered the thinnest and shall be free from
mechanical damage. Any saturants or extrane-
ous materials shall be removed from the insula-
tion by means of the cloth and solvent. The
specimen ghall be slipped over the pin of the mi-
crometer and the presser foot lowered gently
{(not dropped) until it contacts the outer sur-
face of the insulation. The thickness of the in-
sulation shall be read from the dial immediately
after the presser foot has come to rest on the
specimen. The specimen shall be rotated and
at least 5 measurements made around the cir-
cumference of the specimen in order to find the
minimum thickness which shall be recorded.
The presser foot of the gage shall not be in
contact with the specimen while it is being ro-
tated.

42 If no thinnest point is located in the in-
sulation of the inspection unit, and unless other-
wise specified in the detail specification, three
gpecimens from the inspection unit shall be
tested.

5. RESULTS

5.1 Ifa thinnest point is found in the insula-
tion of the inspection unit, 4.1, the minimum
thickness of the insulation of the inspection unit
shall be the thickness of the insulation obtained
at that point.

5.2 If no thinnest point is found in the in-
sulation of the inspection unit, the minimum
thickness of the insulation of the inspection unit
shall be the smallest of all vaiues obtained from
the specimens tested.

583 The minimum thickness of the insulation
of the inspection unit shall be recorded to the
nearest mil or 0.001 inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, INSULATION; OPTICAL

1. SCOPE

1.1 This method is intended for use in de-
termining the thickness of the insulation of in-
sulated wire and cable, It is more accurate
than methods 1011 and 1018. This method is
recommended for use where a high degree of
accuracy and precision is desired. In case a
dispute atiscs as to method for determining the
thickness of insulation, this method shall be
used wherever applicable.

2. SPECIMEN

2.1 The specimen shall be a short length of
the inspection unit with full cross-section of the
insulation cut perpendicular to the axis of the
wire or cable.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.L1 AMicroscope equipped with devices ca-
pable of making measurements accurate to at
least 0.0002 inch.

8.12 A suitable instrument is a standard mi-
croscope equipped with s 8- or 8-power eyepiece,
an objective of 48-millimeter focal length, a
mechanical stage, and a ruled glass disc or
alide.

3.13 Wiping cloth.

8.14 (hloroform or other suitable aolvent.

4. PROCEDURE

4.1 Average thickness.

411 The specimen shall be free from me-
chanical damage and shall be cut perpendicular
to the axis of the wire or cable 8o a8 to expose
the full cross-sectional ares of insulation. Any
saturants or other extraneous materials shall be
removed from the specimen by means of the
cloth and solvent.

4.12 When the apparatus described in 3.1.2
is used, the ruled glass disc or slide shall be
placed on the cut surface of the cross section of
the specimen with the ruled surface in contact
with the insulation. The thickness of the in-
sulation, if not more than 1 inch, will be in
the field of view and shall be read dirertly from

therulings. If the thicknessissuch that it does
not all lie in the field of view and cannot be read
directly, the specimen shall be moved by means
of the mechanical stage until the inner edge of
the insulation is tangent to a cross hair in the
ocular. The specimen shall be moved by means
of the stage until the outer edge of the insula-
tion is tangent to the cross hair. The rulings
on the disc or slide passed over during the move-
ment shall be counted and the value recorded.
413 When an apparatus with a scale in the
eyepiece is used, the ruled glass disc shall be
placed in the ocular and calibrated. The speci-
men shall be placed on the state so as to expose
the full thickness of the insulation. The micro-

" scope shall be focused on the specimen and the

thickmess of the insulation determined by count-
ing the divisions of the ruled disc in the eye-
piece which cover the distance from the inner
edge to the outer edge of the insulation and the
value recorded.

414 One set of meusurements on each speci-
men shall be made. Each set of measuremeuts
shall consist of the maximum and minimum
thickness.

42 Minimum thickness.

421 The inspection unit shall be examined
for thin places in the insulation. A specimen
shall be cut perpendicular to the axis of the
wire or cable so s to expose for mocasurement
the point where the insulation is considered
the thinnest. The thickness of the thinnest
point of the insulation shall then be measured
as described in 4.1.

422 1f no thinnest point is located in the
insulation of the inspection unit, the procedure
shall be as described in 4.1.

5. RESULTS

5.1 Average thickness.

5.1.1 Unless otherwise specified in the detail
specification, five specimens from each inspec-
tion unit shall be tested.

5.12 The average thickness of the insula-
tion of the inspection unit shall be the average

FED. TEST METHOD STD. NO. 228
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of the results obtained from the specimens
tested. ) :

52 Minimum thickness.

52.1 If a thinnest point is found in the in-
sulation of the inspection unit, 4.2, the mini-
mum thickness of the insulation of the inspec-
tion unit shall be the thickness of the insulation
obtained at that point.

FED, TEST METHOD STD. NO. 220

522 If no thinnest point is found in the in-
sulation of the inspection unit, 4.2, the minimum
thickness of the insulation of the inspection unit
shall be the smallest of all values averaged in
determining the average thickmess, 5.1.2.

53 The aversge thickness and minimum
thickness of the insulation of the inspection unit
shall be recorded to the nearest mi} of 0.001 inch.

R 6
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THICKNESS, VARNISHED CLOTH

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of varnished cloth.

2. SPECIMEN

21 The specimen shall be & piece of the var-
nished cloth at least 12 inches in length taken
from a single tape layer of the inspection unit.

8. APPARATUS

3.1 The apparatus shall consist of a dial
micrometer having a flat anvil not less than
0.25 inch in diameter and a flat presser foot
0.25=0.01 inch in diameter which exerts a total
force of 3.0=0.1 ounce on the specimen, the
force being applied by means of & weight. The
surfaces of the anvil and presser foot shall be
parallel to within 0.0001 inch. The dial shall
be graduated to read in mils or 0.00% inch.

4. PROCEDURE

4.1 Atleast 12 inches of each tape layer shall
be removed from the inspection unit. Unless
otherwise specified in the detail specification, 10
percent of the tapes but not less than five tapes
chall be selected at random for test.

42 The specimen shall be placed on the anvil
of the dial micrometer and the presser foot
lowered gently (not dropped) until it contacts
the surface of the tape. The thickness of the
specimen shall be read from the dial and the
value recorded. Five measurements equally
spaced along the length of the specimen shall
be made.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, one specimen from each tape se-
lected for test, 4.1, shall be measured.

52 The average thickness of the tape shall
be the average of the five measurements made
on the specimen tested.

53 The minimum thickness of the tape shall
be the smallest of all values averaged in deter-
mining the average thickness, 5.2.

5.4 The maximum thickness of the tape shall
be the largest of ull valnes averaged in deter-
mining the average thickness, 5.2.

5.5 The nverage, miniinum, and maximum
thicknesses of each tape tested shall be recorded
to the nearest mil or 0.001 inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, BRAID

1. SCOPE

1.1 This method is intended for usa in deter-
mining the thickness of braids over the insula-
t'on of insulated wire and cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at least 2 feet in length from which
any covering over the braid has been removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

8Ll Micrometer caliper graduated to read
in mils or v.0u1 inch snd having flat surfaces
on both anvil and end of spindle, each approxi-
mately 025 inch in diameter. The surfaces of
«rvil and spindle shall be parallel to within
0.7001 inch.

312 Wiping cloth.

313 COrloroform or other suitable solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. Any saturants or extraneous
materials shall be removed from the braid by
means of the cloth and solvent. The microm-
eter caliper shall be applied directly over the
braid so that the specimen can just be moved
between the anvil and spindle without distor-
tion cf the braid. The diameter over the braid
shall be read from the micrometer caliper scale
and the value recorded as D,.

42 The braid shall then be removed from
the specimen and any saturants or other ex-
traneous materials removed from the surface of
the core (assembly under the braid) by means
of the cloth and solvent. The diameter over
the core shall then be determined as described
for diameter over the braid and the value re-
corded as D,. This measurement shall be made

over the laps of tape or over the tops of any
braid marks in the insulation.

4.3 Three measurements equally spaced
along the length of the specimen shall be made.
The diameter over the braid and over the core
shall be determined as nearly as practicable at
the same point.

44 If two braids are present, the thickness
of the outer braid shall be determined from the
the diameter over the inner braid.

45 In determining the thickmess of the
over-all braid of s twin-conductor cable, the
diameter over the core, D, in 4.2, shall be equal
to 1.64 times the diameter of the individual
conductor. . :

5. RESULTS -

5.1 Calculation. The thickness of the braid
at any point shall be calculated as follows: -

-D,
Thicknesa, inch-.D_'z_’_'

where:

D,=the diameter over the brald at the point meas-

ured. inches

Dy=the diameter over the core at the polnt measured,

inches

52 Unless otherwise specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested.

53 The sdverage thickness of the braid of
the inspection unit shall be the average of the
results obtained from the specimens tested.

54 The minimum thiclmness of the braid of
the inspection unit shall be the smallest of all
values averaged in determining the average
thickness, 5.3.

55 The average thickness and minimum
thickness of the braid of the inspection unit
shall be recorded to the nearest mil or 0.001
inch.

FED. TEST METHOD $TB. NO, 228
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THICKNESS, COTTON TAPE; MICROMETER CALIPER

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of cotion tapes over the
insulution of insulated wire and cable. It is
pot considered as accurate as method 1124.

2. SPECIMEN

21 The specimen shall be s piece of the in-
spection unit at least & feet in length from
which any covering over the tape has been
removed.

8. APPARATUS AND REAGENTS

3.1 The apparstus and reagents shall be as
follows:

.11 ANierometer raliper gradusted to read
in mils or U.0U1 inch and having tlat surfaces on
both anvil and end of spindle, each approxi-
mately 0.25 inch in diameter, The surfaces of
anvil and spindle shall be parallel to within
0.0001 inch.

8.1.2 Wiping ~loth.

3.1.3 Chloraform or other suitable aclvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chenica! demage. The micrometer enliper shall
be applied directly over the tape so that the
specimen can just be moved between the anvil
and the spindle without distortion of the tape.
The diameter over the tape shnll be read from
the micrometer caliper scule and the value re-
corded as D,. If possible, the measurements
shall be:made st places where the tape is not
lapped.

42 The tape shall then be removed from the
specimen and any saturants or other extraneous
materials removed from the surface of the core
(sssembly under the tape) by means of the

cloth and solvent. The diameter over the core
shull then be determined as described for di-
ameter over the tape and the value recorded as
D, This measurament shall be made over the
lape of any tape or over the tops of any marks
in the insulation.

43 Three measurements equally spaced
along the specimen shall be made. The diam-
eter over the tape and over the core shall be
determined as nesrly as practicable at the same
point.

44 1fmore than one layer of tape is present,
each layer shall be measured separately.

5. RESULTS

5.1 Calculation. The thickness of the tape
at any point shall be calculated as follows:

Dy=1h
Thickness, lll.‘b-—-z—-—
Where

D,mthe diameter over the tape at the poiul meas-

ured, facbes.

Dys=ibe diameter over the core at the point meas-

ured, luches.

5.2 Unless otherwiss specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested.

§3 The average thickness of the tape of the
inspection unit sball be the avernge of the re-
sults obtained from the speciniens tested.

54 The minimum thickness of the tape of
the inspection unit shall be the smallest of all
values avernged in determining the sverage
thickness, 5.3.

85 The average thickness and minimum
thickness of the tape of the inspection unit shall
be recorded to the nearest mil or 0.001 inch.

FED. TEST METHOD $TD. NO. 228
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THICKNESS, COTTON TAPE; DIAL MICROMETER

1.-SCOPE .

1.1 This method is intended for use in deter-
mining the thickness of cotton tape over the
insulation of insulated wire and cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the tape
at least 2 feet in length taken from the inspec-
tion unit.

3. APPARATUS .

3.1 The apparatus shall consist of a dial mi-
crometer having a flat anvil not less than 0.25
inch in diameter and a flat presser foot
0.25=0.01 inch in diameter which exerts a total
force of 3.0+0.1 ounce on the specimen, the
force being applied by means of a weight. The
surfaces of the anvil end presser foot shall be
paralle] to within 0.0001 inch. The dial shall
be graduated to read in mils or 0.001 inch.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. The specimen shal! be placed
on the anvil of the dial micrometer and the
presser foot lowered gentiy (not dropped) uniii

it contacts the surface of the specimen. The
thickness of the tape shall be read from the dial
and the vulue recorded. Three measurements
equally spaced along the length of the specimen
shall be made.

42 It thn wire or cable contains tapes ap-
plied in more than one layer, each layer shall be
tested separately.

5. RESULTS

8.1 Unless otherwise specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested.

52 The average thickness of the tape of the
inspection unit shall be the average of the re-
sults obtained from the specimens tested.

53 The minimum thickness of the tape of
the inspection unit shall be the smallest of all
values averaged in determining the average
thickness, 5.2.

54 The average thickmess and minimum
thickness of the tape of the inspection unit shall
be recorded to the neareat mil or 0,001 inch.

L O
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THICKNESS, WRAP

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of wraps of insulated wire
and cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at least 2 feet in length from
which any covering over the wrap has been
removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

811 Micrometer caliper graduated to read
in mils or 0.001 inch and having flat surfaces on
both anvil and end of spindle, each approxi-
mately 0.25 inch in diameter. The surfaces of
anvil and spindle shall be parallel to within
0.0001 inch,

3.12 Wiping cloth.

3.1.3 Chloroform or other suitable solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. The micrometer caliper shall
be applied directly over the wrap so that the
specimen can just be moved between the anvil
and the spindle without distortion of the wrap.
The diameter over the wrap shall be read from
the micrometer scale and the value recorded
as D,

42 The wrap shall then be removed from
the specimen and any fibers, saturants, or other
extraneous materials removed from the surface
of the core (assembly under the wrap) by means
of the cloth and solvent. The diameter over the

core shall be measured in the same manner as
described for diameter over the wrap and the
value recorded as D,.

43 Three measurements equsally spaced
along the length of the specimen shall be made.
The diameter over the wrap and over the core
shall be measured as nearly as practicable at the
same point.

4.4 1f two wraps are present, the thickness
of the outer wrap shall be determined from the
diameter over the inner wrap.

5. RESULTS

5.1 Calculation. The thickness of the
wrap at any point shall be calculated as follows: .

Thickness, inch=Db,—D, -

2
Where :

D,==the diameter over the wrap at the point meas-

ured, {nches

Dy=the (fameter over the core at the point meas-

ured, inches

52 Unless otherwise specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested.

53 The average thickness of the wrap of
the inspection unit shall be the average of the
results obtained from the specimens tested.

64 The minimum thickness of the wrap of
the inspection unit shall be the smallest of all
values averaged in determining the average
thickmess, 5.3.

55 The average thickness and minimum
thickness of the wrap of the inspection unit shall
be recorded to the nearest mil or 0.001 inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, SERVING; MICROMETER CALIPER

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of the outside serving of
srmored cable. It is recommended for use
when the wire or cable has a diameter of less
than one inch.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 6 inches in length from
which any covering over the serving has been
removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.L1 Micrometer caliper graduated to read
in mils or 0.00! inch and having flat surfaces
on both anvil and end of spindle, each approxi-
mately 0.25 inch in diameter. The surfaces of
anvil and spindle shall be parallel to within
0.0001 inch.

3.12 Wiping cloth.

313 Chloroform or other suitable solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. The micrometer caliper shall
be applied directly over the serving so that the
specimen can just be moved between the anvil
and the spindle without distortion of the serv-
ing. The diameter over the serving shall be
read from the micrometer caliper scale and the

value recorded as D,.

42 The serving shall be removed from the
specimen and any fibers, saturants, or other
extraneous materials removed from the surface
of the core (assembly under the serving) by
means of the cloth and solvent.

43 The diameter over the core shall be
measured in the same manner as described for
diameter over the serving, and the value re-
corded as D,. The diameters over the serving
and over the core shall be determined as nearly
as practicable at the same point.

5. RESULTS

6.1 Calculation. The thickness of the
serving at any point shall be calculated as
follows:

D,—D
Thickness, inchm - __°

where :

D,=xthe diameter over the serving at the point meas-

ured, inches

D,=the diameter over the cure at the point measured,

inches

5.2 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

53 The thickness of the serving of the in-
spection unit shall be the average of the results
obtained from the specimens tested.

5.4 The thickness of the serving of the in-
spection unit shall be recorded to the ncarest
mil or 0.001 inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, SERVING; DIAMETER TAPE

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of tlie outside serving of
armored cable. It is recommended for use
when the wire or cable has an over-all diameter
of one inch or more.

2 SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at least 6 inches in length from
which any covering over the serving has been
removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:
. 3.1.1 Dinmeter tape graduated to read to st
Jeast 0.01 inch.

3.1.2 Wiping ~loth.

3.1.3 Chlornform or other suitable aoluent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical demnge. The diameter tape shall be
applied directly over the serving of the speci-
men in such a manner that the serving is not
distorted. The diameter over the serving shall
be rend from the tape and the value recorded
as D,

42 The serving shall then be removed from
the specimen and any saturants, fibers, or ex-

traneous materials removed from the surface of
the core (@ssembly under the serving) by means
of the cloth and solvent. The diameter over
the core shall be measured in the same manner
as described for dismeter over the serving and
the value recorded as D,.

43 The dinmeters over the serving and over
the core shall be measured as nearly as practi-
cable st the same place.

8. RESULTS

5.1 Calculation. The thickness of the
serving at any place shall be calculated as

follows:

Thickness, inch -.‘%‘i"

where:

D=the diameter gver the serving at the place

measured, {ncbes

D==the deinand over the core st the place measared,

inches

5.2 Unless otherwise specified in the detail
specification, two specimens, vae from each end
of the inspection unit, sha!l be tested.

5.3 The thickness of the serving of the in-
spection unit shall be the average of the results
obtained from the specimens tested.

54 The thickness of the serving of the in-
spection unit shall be recorded to the nearest
0.01 inck.

FED. TEST METHOD $TD, NO. 228
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THICKNESS, BEDDING; MICROMETER CALIPER

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of bedding of armored
cable. It isrecommended for use when the wire
or cable has an over-all diameter of less than 1
inch.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 6 inches in length from
which any covering over the bedding has been

" removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows: -

3.1.1 Micrometer caliper graduated to read
in mils or 0.0U1 inch and having flat surfaces
on both anvil and end of spindle, each approxi-
mately 0.25 inch in diameter. The surfaces of
anvil and spindle shall be paraliel to within
0.0001 inch,

3.12 Wining aloth.

3.1.3 Chloroform or other suitadble solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. The micrometer caliper shall
be applied directly over the bedding so that the
specimen can just be moved between the anvil
and the spindle without distortion of the bed-
ding. The diameter over the bedding shall be

FED. TEST METHOD STD. NO. 228

read from the micrometer caliper scale and the
- value recorded as D,.

42 The bedding shall be remaved from the
specimen and any fibers, suturants or extraneous
materials removed from the surface of the core
“assembly under the bedding” by means of the
cloth and solvent. The diameter over the core
shall be measured in the same manner as de-
scribed for diameter over the bedding and the
value recorded as D,. The diameter over the
bedding and over the core shall be determined
as nearly as practicable at the same point.

5. RESULTS

51 Calculation. The thickness of the
bedding at any point shall be calculated as fol-
lows:

Thickuess, Inch= 2-'—-2:94
where:
D =the dtametor nver the bedding at the point mens-
ured, inches
D.=the dinmeter over the core at the point incasured.
inches

52 Unless otheriise specified in the detail
specification, two specimens, one from each end
of the ingpection unit, shall be tested.

5.3 The thickness of the bedding of the in-
spection unit shall be the average of the results
obtained from the specimens tested.

5.4 The thickness of the bedding of the in-
spection unit shall be recorded to the nearest
mil or 0.001 inch.
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THICKNESS, BEDDING; DIAMETER TAPE

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of bedding of armored
cable. It is recommended for use when the
wire or cable has an over-all diameter of one
inch or more,

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 6 inches in length from
which any covering over the bedding has been
removed.

3. APPARATUS AND REAGENTS

8.1 The apparatus and reagents shall be as
follows: .

3.1.1 iameter tape graduated to read to at
least 0.0l 1nch,

3.1.2 Wiping rloth,

3.3 (hluoroform or other muitable solvent.

4. PROCEDURE

41 The specimen shall be free from me-
chanical damege. The diameter tape shall be
applied directly over the bedding of the speci-
men in such a manner that the bedding is not
distorted. The diameter over the bedding shall
be read from the tape and the value recorded as
Dy .
42 The bedding shall then be removed from
the specimen and any saturants, fibers, or other

extraneous material removed from the surface
of the cores (assembly under the bedding) by
means of the cloth and solvent. The diameter
over the core shall be measured in the same man-
ner as described for diameter over the bedding
and the value recorded as Ds.

43 The diameter over the bedding and over
the core shall be determined as nearly as prac-
ticable at the same place.

5. RESULTS

5.1 Calculation. The thickness of the bed-
ding at any place shall be calculated as follows:

Tictsom, o222

where:
Dy=tbe diameter over the bedding at the place
mesgured, inches
D,=the dinmeter over the core at the place measured,
inches

5.2 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

5.3 The thickness of the bedding of the in-
spection unit shall be the average of the results
obtained from the specimens tested.

5.4 The thickness of the bedding of the in-
spection unit shall be recorded to the nearest
0.01 inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, METAL TAPE ARMOR

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of flat metal tape or inter-
locking armor of insulated wire and cable.

2. SPECIMEN

2.1 The specimen shall be the tape or armor
removed from a piece of the inspection unit at
least 8 inches in length. The tape or armor
shall be removed in such a manner as to change
its shape as little as possible.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

31.1 Micrometer caliper graduated to read
in mils or 0.001 inch and having a hemispherical
anvil with a radius of curvature of 0.125=0.005
inch and a flat-surface spindle of approximately
0.25 inch in diameter.

3.1.2 Wiping cloth.

313 Chlornform or other suitable solvent.

4. PROCEDURE

4.1 The specimen shail be free from me-
chanical damuage. Any dirt, grease, saturants,
or ather extraneous materials shall be removed
from the specimen by means of the cloth and
solvent. In the case of interlocking armor the
specimen shall also be free from jointed sec-
tions,

4.2 The micrometer caliper shall be applied
directly to the specimen so that the anvil and

gpindle is just brought into contact with the
surfaces of the specimen (anvil in contact with
the inner circumference) in such a manner that
the tape or armor is not distorted. The ecri-
terion of contact is the initial development of
frictional resistance to movement of the tape or
armor between the micrometer surfaces. The
thickness of the armor or tape at the place
measured shall be read from the micrometer
caliper scale and the value recorded.

43 Five measurements equally spaced
around the circumference of the specimen shall
be made.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, two specimnens, one from each end
of the inspection unit, shall be tested.

52 The average thickness of the armor or
tape of the inspection unit shall be the average
of the results obtained from the specimens
tested.

5.3 The miniinum thickness of the armor or
tape of the inspection unit shall be the smallest
of all values averaged in determining the aver-
age thickness, 5.2,

54 The avernge thickness and minimum
thickness of the armor or tape of the inspection
unit shall be recorded to the nearest mil or 0.001
inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, WOVEN OR BRAIDED METAL ARMOR;
MICROMETER CALIPER

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of woven or braided metal
armor. It is recommended for use when the
wire or cable has an over-all diameter of less
than one inch.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 2 feet in length.

8. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

311 Aicrometer caliper graduated to read

in mils or 0.001 inch and having flat surfaces on -

both anvil and end of spindle each approxi-
mutely 0.25 inch in diameter. The surfaces of
the spindie and anvil shall be parallel to within
0.0001 inch. '
3.12 Wiping cloth.
3.1.3 Chloroform ar other suituble solrent.
4. PROCEDURE
4.1 The specimen shall be free from me-
chanical damage. Any dirt, grease, or other

extraneous materials shall be removed from the

specimen by means of the cloth arnd solvent.
The micrometer caliper shall be applied directly
over the armor so that the anvil and spindle ure
just brought into contact with the specimen in
such & manner that the armor is not distorted.

The criterion of contact is the initial develop- .

ment of frictiona] resistance to the movewment of
the specimen between the micrometer surfacoe.
The diameter over the armor shall be read from
the micrometer scale and the value recorded
as D,

42 The armor shall be removed from the
specimen and the diameter over the core (as-
senmbly under the armor) determined and the
value recorded as 2,. The micrometer caliper
ghall be applied directly over the core so that

. the specimen can just be moved between the

anvil and spindle without distortion of the core.

43 Thrce measurements equally spaced
along the length of the specimen shall be made.
The dismeter over the armor and over the core
shall be determined as nearly as practicable at
the same point. '

5. RESULTS

5.1 Calculation. The thickness of the
armor at any point shall be calculated as

follows:
Thickness, inch=1),—~1),
2

where ;
D,=the dinmelerr over the armor at the point mess-
ured, inc'yes
D,—tho dinmeter over the core it the point measured,
inches
52 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.
53 The average thickness of thé armor of
the inspection unit shall be the average of the

. resnlts obtained from the specimens (ested.

54 The minimum thickness of the armor of
the inspection unit shall be the smullest of ull
values avernged in determining the nverape
thickness, 5.3.

55 The average thickness and minimum
thickness of the armor of the inspection unit
shall be recorded to the nearest mil or 0.001 inch.
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THICKNESS, WOVEN OR BRAIDED METAL ARMOR;
DIAMETER TAPE

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of woven or braided metal
armor. It is recommended for use when the
wire or cable has an over-all diameter of 1 inch
or more.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at least 2 feet in length.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows: i

3.1.1 Digmeter tape graduated to read to at
least 0.01 inch.

3.12 Wiping cloth.

3.13 CRloroform or other suitable solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. Any dirt, grease, or other
extraneous materigls shall be removed from the
specimen by means of ihe cloth and solvent.
The diameter tape shall be applied directly over
the armor in such s manner that the armor
ie not distorted. The diameter over the armor
shall be read from the tape and the value re-
corded as D

42 The armor shall be removed from the
specimen and the diameter over the core (as-
sembly under the armor) determined in the

same manner as described for over the armor
and the value recorded as D,.

43 Three measurements equally spaced
along the length of the specimen shall be made.
The diameters over the armor and over the core
shall be determined as nearly as practicable at
the same point.

5. RESULTS

5.1 Calculation. The thickness of the
armor at any place shall be calculated as
follows:

DI—DI

Thickness, {nchm. 7

where :

D,=the diaweter over the armor at the place

measured, {nches

Dix=the dlaroeter over the core at the place measured,

inches

52 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

5.3 The average thickness of the armor of
the inspection unit shall be the average of the
results obtained from the specimens tested.

5.4 The minimum thickness of the armor of
the inspection unit shall be the smallest of all
valuee overaged in determining the average
thickness, 5.3.

55 The average thickness and minimum
thickness of the armor of the inspection unit
shall be recorded to the nearest 0.01 inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, LEAD SHEATH; MICROMETER CALIPER (ROUND ANVIL)

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of lead and lead slloy
sheath of insulated wire and cable whenever
s section of the sheath for measuring can be
removed from the wire or cable without dis-
tortion.

2. SPECIMEN

2.1 The specimen shall be the sheath re-
moved from s piece of the inspection unit at
least 3 inches in length. The sheath shall be
removed in such a manner as to change its shape
as little as possible.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Mierometer caliper graduated to read
directly i mils or 0.001 inch and having a
hemispherical anvil with a radius of curvature
of 0.125=0.005 inch and a fiat-surface spindle
of approximately 0.25 inch in diameter.

3.12 Wiping cloth.

3.13 Chdoroform or ollwr swdtudle solvent.

4, PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. Any dirt, grease, saturants,
or other extraneous material shall be removed
from the specimen by means of the cloth and
solvent.

4.2 The micrometer caliper shall be applied
directly to the specimen so that the anvil and
spindle are just brought into contact with the
surfaces of the specimen (anvil in contact with
inner circumference) in such a manner that the
sheath is not distorted. The criterion of con-
tact is the initia] development of frictional re-
sistance to movement of the sheath between the
micrometer surfaces.

43 The thickness of the sheath at the place
measured shall be read from the micrometer
caliper scale and the value recorded. Five
measurements equally spaced around the cir-
cum{ference of the specimen shall be made.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

5.2 The average thickness of the lead sheath
of the irspection unit shall be the average of
the results obtained from the specimens tested.

5.3 The minimum thickness of the lead
sheath of the inspection unit shall bs the
siinllest of all values nvernged in determining
the average thickness, 5.2.

54 The average thickness and minimum
thickness of the Jead sheath of the inspection
unit shall be recorded to the nearest mil or 0.001
inch.

FED. TEST METHOD STD. NO. 228
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THICKNESS, LEAD SHEATH; MICROMETER CALIPER
(FLAT ANVIL)

1. SCOPE .

1.1 This method is intended for use in deter-
mining the thickness of lead and lead alloy
ghenth of insulated wire and cable whenever &
section of the sheath for measuring cannot be
removed from the wire or cable without dis-
tortion.

2. SPECIMEN

21 The specimen shall be a piece of the in-

spection unit at least £ feet in length from .

which any covering over the iead sheath has
been removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Micrometer caliper graduated to read
in mils or ¢.001 inch und having fiat surfaces on
both anvil and end of spindle, each approxi-
mately 0.25 inch diameier. The surfaces of
anvil and spindle shell be parallel to within
0.u001 inch.

3.12 Wining oloth.

3.1.3 ('hloroform or other auitable solvent.

4. PROCEDURE

41 The specimen shall be free from me-
chanical damage. Any dirt, grease, saturants,

or other estraneous material shall be removed -

from the specimen by means of the clath and
solvent. The micrometer caliper shall be up--
plicd diroctly over the lead sheath so that the
auvil and the spindle are just brought into con-
tact with the specimen in such a manner that the
lcad sheatl is not distorted. The criterion of
contact is tho initial development of frictions)
resistance to movement of the specimen betwesn
the micrometer surfaces. The diameter over
the sheath shall be read from the micrumeter
scale and the value recorded as D,.

42 The lead sheath shall then be removed
from the specimen and the diameter over the
core (assembly under the lead sheath) deter-
mined and the value recorded as D, The
micrometer caliper shall be applied directly
over the core so that the specimen can just be
moved between the anvil and spindle without
distortion of the core.

43 Three sets of measurements equally
spaced along the length of the specimen shall
be made. Each set of measurements shall con-

" sist of the maximum and minimum diameter at

the piace mensured. The diameter over the
ghenth and over the core shall be determined as

- nearly as practicable at the sume point.

5. RESULTS

51 Calculation. The thickness of the
sheath at any point shall be calculated as
follows:

Thickness, inch -2'—;'—17-’

Where:
D,mthe dlameter over the lesd sheath at the polnt
measured, inches
D,mthe diameter over the core at the Dolut meas-
ured, inches

52 Unleas otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

53 The average thickness of the lead sheath
of the inspection unit shall be the average of the
results obtained from the specimens tested.

5.4 The minimum -thickness of the lead
sheath of the inspection unit shall be the small-
est of all values averaged in determining the
aversge thickness, 5.3.

85 The average thickness and minimum
thickness of the lead sheath of the inspection
unit shall be recorded to the nearest mil or 0.001
inch.

FED. TEST METHOD STD. NO, 228
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THICKN ESS, SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mining the thickness of rubber and plastic
sheaths of insulated wire and cable.

2 SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 2 feet in length from which
any covering over the sheath has been removed.

3. APPARATUS AND REAGENTS

‘3.1 The apparatus and reagents shall be as
follows:

3.1.1 Aicrometer caliver gradusted to read
in nils or 0.001 inch and having flat surfaces
on both the anvil and end of epindle, each ap-
proximately 0.25 inch in diameter. The sur-
fuces of anvil and spindle shall be parallel to
within 0.0001 inch. :

3.12 Wiping cloth,

3.13 Chloroform or other suitabls solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanicai dumnage, Any dirt, grease, or other
extraneous materials shall be removed from the

specimen by means of the cloth and solvent.

The micrometer caliper shall be applied directly
over the sheath so that the specimen can just be
moved between the anvil and spindle without
distortion of the gheath. The diameter over the
sheath shall be read from the micrometer scale
and the value recorded as D,.

42 The sheath shall then be removed from
the specimen and the diameter over the core
(assembly under the sheath) measured in the

same manner as described for diameter over
the sheath and the value recorded as D,.

43 Three sets of measurements equslly
spaced along the length of the specimen shall
be made. Each set of measurements shall con-
sist of the maximum and minimum diameter ot
the place measured. The dismeter over the
sheath and over the core shall be determined
as nearly as practicable at the same point.

5. RESULTS

51 Calculation. The thickness of the
sheath at any point shall be calculated as

follows:

Thickness, lneh-?—'-i—'

Where:
D,mtbe diameter over the sheath st the point mens-
ured, loches .
D,mthe diameter over the core at the point measured,
inches

52 Unless otherwise specified in the detail
specification, two specimens from each inspec-

- tion unit shall be tested.

53 The average thickness of the sheath of
the inspection unit shall be the average of the
results obtained from the specimens tested.

5.4 The minimum thickness of the sheath of
the inspection unit ghall be the smallest of all
values averaged in determmmg the average
thickness, 5.3.

55 The avernge thickness and minimum
thickness of the sheath of the inspection unit
shall be recorded to the nearest mil or 0.001
inch.

FED. TEST METHOD STD. NO. 228
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WIDTH, METAL TAPE ARMOR

1. SCOPE

11 This method is intended for use in detar-
mining the width of fiat metsl tape or inter-
locking armor of insulated wire and cable.

2. SPECIMEN

21 The specimen shall be the tape or armor
removed from a piece of the inspection unit at
least 8 inches in length.

8. APPARATUS AND REAGENTS

31 The apparatus and reagents shall be as
follows:

311 Vernier ealiper graduated to 1, inch
or less with a vernier to read to 1 mil or 0.001
inch.

312 Wiping eloth,

A13 Chlaroform or other suitable anleent,

4. PROCEDURE

41 The specimen shall be free from me-
chanical damage. Any dirt, gresse, saturants,
or other extraneous materials shall be removed
from the specimen by means of the cloth and
molvent. 'The calipers shall be applied directly
to the specimen so that the jaws of the calipers
are just brought into contact with the specimen
in such & manner that the tape or armor is not
distorted. The criterion of contact is the initial

development of frictionsl resistance to move-

ment of the specimen between the caliper jaws.
The width of the tape or armor shall be read

from the caliper scale and the value recorded.
Five measurements equally spaced along the
length of the specimen shall be made.

42 Interlocking srmor shsll be removed
from the finished wire or cable and flattened
before the width measurements are made.

5. RESULTS

8.1 Unlees otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

82 The average width of the tape or armor
of the inspection unit shall be the average of the
results obtained from the specimens tested.

63 The minimum width of the tape or

‘armor of the inspection unit shall be the

smallest of all values averaged in determining
the average width, 5.2.

S4 The maximum width of the armor of the
inspection unit shall be the iargest of all values
averaged in determining the average widtiy,
KO

85 The average, minimum, and maximum
widths of flat armor of the inspection unit shall
be recorded to the nearest mil or 0.001 inch.

58 The average, minimum, and maximum
widths of interlocking armor of the inspection
unit shall be recorded to the nearest 10 mils or
0.01 inch.
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DIAMETER, ARMOR WIRE

1. SCOPE

1.1 This method is intended for use in deter-
mining the diameter of the wire used in the wire
armor of insulated wire and cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the bare
armor wire at least 12 incheés in length taken
from the inspection unit,

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Micrometer caliper graduated to read
in 0.1 mil or 0.0001 inch and having flat surfaces
on both anvil and end of spindle, cach approxi-
mately 0.25 inch in diameter. The surfaces nf
the anvil and spindle shall be parallel to within
0.0001 inch.

3.1.2 Wiping cloth,

3.13 C('hloroform or other suitable solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. Any dirt, grease, or other
extraneous materials shall be removed from the
specimen by means of the cloth and solvent,
The micrometer caliper shall be applied directly
over the wire so that the anvil and spindle are
just brought into contact with the specimen in

such a manner that the wire is not distorted.
The criterion of contact is the initial develop-
ment of frictional resistance to movement of the
specimen between the micrometer surfaces.
The diameter of the wire shall be read from the
micrometer caliper scale and the value recorded.
"Three measurements equally spaced along the
length of the specimen shall be made.

4.2 The dinmeter measurements of the wire
shall be made over any galvanizing or other
metallic coating.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

5.2 The average diameter of the armor wire
of the inspection unit shall be the average of the
results obtained from the specimens tested.

53 The minimum diameter of the armor
wire of the inspection unit shall be the smallest
of all values averaged in determiining the aver-
age diameter, 5.2,

54 The average diameter and minimum
diameter of the armor wire of the inspection
unit shall be recorded to the nearest mil or 0.001
inch.
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SIZE, CONDUCTOR
1. SCOPE shall be proportional to the number of wires in

1.1 This method is intended for use in deter-
mining the size of solid and stranded conductors
of insulated wire and cable. For the purpose of
this method, the term “wire” shall be defined as
a slender rod or filament of drawn mct:l.

2. SPECIMEN

21 The specimen shall be the bcra conduc-
tors removed from s piece of the inspection unit
at Jeast 6 inches in length,

3. APPARATUS

3.1 The apparatus shall consist of & microm-
eter caliper graduated to read in 0.1 mil or 0.0(»11
inch and having flat surfaces on both anvil and

end of spindle, each approzimately 0.25 inch in -

diameter. The surfaces of anvil and spindle
shall be parallel to within 0.0001 inch.

4. PROCEDURE

4.1 Solid conductors. The specimen shall
be free from mechanical damage. The microm-
eter caliper shall be applied directly over tha
conductor so that the anvil and gpindla are st
brought into contact with the specimen in such
a manner that the conductor is not distorted.

The criterion of contact is the initial develop- -

ment of frictional resistance to movement of the
specimen between the micrometer surfacoe
The diameter of the conductor shall be read
from the micrometer caliper scale and the values
recorded. Two measurements of the diameter
at positions approximately 90° apart on the
specimen shall be made.

42 Stranded conductors. Individual
wires of a stranded conductor cabie shall be
measured separately as described for solid con-
ductorsin4.l. Unless otherwise specified in the
detail specification, 10 percent of the wires and
in no case less than seven wires shall be taken
from the conductor for test. Wires shall be
selected st random from each layer of the con-
ductor and the number selected from each layer

the layer.

4.3 If tin or other metal coatings are pres-
ant, the diawmneter measurements shall be made
over the coating.

5. RESULTS

5.1 Calculation.

5.11 Solid conductor. The size of ths con-
ductor at any point, in circular mils, shall be
calculated by squarmg the diameter expressed
in mils.

B.12 Stranded conduc!ora. The size of the
stranded cunductor in- circular mils shall be
calculated as follows:

Size of wire, circular piill=D, '+ D)+ oo +Da*
where:

Dy=dlameter (nverage of twn mensurements 090°

apart) of first wire in the conductor, in mils

Dy=diameter (averuge of two measurements 90°

apart) of secund wire in the conductor, in mils

Da==diamerter (average of {wo mensurements 90°

Apart) of nth wire in the conductor, in wils
nmthe numher of wires in the condnetor

Size of stranded conductor, circular mils= 8,484 ..
+8a

. where:

S\=circular-mil -ue of first wire In conductor
(8.1.1)

Sw=circular-mil size of second wire (5.1.1)

Sa=circular-mi) size of nth wire (5.11)

swm=the number of wires in the conductor

5.2 Unless otherwise specified in the detail

ification, two specimens from each iuspec-
tion unit shall be tested.

5.8 The size of the conductor of the inspec-
tion unit shall be the average of the results ob-
tained from the specimens tested.

5.4 The diameter of the conductor of the in-
spection unit shall be recorded to the nearest 0.1
mil or 0.0001 inch.

5.5 The cross-sectional area of the conductor
of the inspection unit shall be recorded to the
nearest circular mil.

FED. TEST METHOD $TD. NO. 228
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CIRCUMFERENCE

1. SCOPE

1.1 This method is intended for use in deter-
miniug the circuinference of insulated wire or
cable. It isapplicable to the determination of
the circumference of finished cable, insulated
wires, bare wires, conductors, circumference
over sheaths, etc., with a circumference of 3
inches or less, when the circumference is re-
quired or when it is desirable to calculate the
diameter from the circumference.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
sulated wire, cable, conductor, etc., at least 12
inches in length taken from the inspection unit.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Fine wire or thread with a length ap-
proximately 10 times the nominal circumference
of the specimen.

3.1.2 Convenient equipment for wrapping

o s + ound
the wirs or thiead under & given tension aroun

the specimen.

3.13 Convenient equipment for mensuring
the length of wire or thread which is wrapped
around the specimen to an accuracy of 0.1 inch.

3.1.4 Satisfactory equipment for controlling
the tension of the wire or thread during wrap-
ping and for measuring the length of thread
or wire in a given number of turns. Satisfac-
tory equipment is shown in figure 1441,

8.1.5 The apparatus described in method
1018 for determining the diameter of the thread.

3.1.6 Wiping rloth.

317 Chloroform or other auitabls snlrent,

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. Any fiber, saturants, or other
extraneous materials shall be removed from the
specimen by means of the cloth and solvent.
The specimen shall be placed in the testing ap-

paratus and one end of the thread or wire
attached to it by means of & chuck. The other
end of the thread shall be placed over the pulley
and attached to the 10-gram weight, which
moves along a calibrated scale. The seale shall
be calibrated so as to indicate the length of the
thread wound around the specimen. At least
10 complete turns of the thread or wire shall be
wrapped around the specimen under a lond of
10 grams, and the number of turns recorded
as N,

4.2 The wraps of thread shall be just in con-
tact with ench other, without any overlapping.
The length of the & turns of thread shall be
read from the scnle and the value recorded as L.

4.3 The dinmeter of the small thread shall
be measured with the microscope and the value
recorded ns /),

4.4 Unless othertwise specified in the detail
specificution, two measurements equally spaced
along the length of the specimen shall be made.

5. RESULTS

5.1 Calculation

5.1.1 Circum/ference. The circumference of
the wire, cnble, or conductor, etc., at any place
shall be calculated as follows:

Circumterence, inchesss %—:D
where :

La==tbe length of the thread for N turns at the place

measured

Na=mthe number of turns of the thread

D=the distueter of the thread, inch

5.12 Diameter—The diameter of the wwire,
cable, or conductor, etc., at any place shall Le
calculated by dividing the circumference by
3.14186. '

52 Unless otherwise specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested.

53 The averaze circumference of the wire,
cable, conductor, etc., of the inspection unit

FED. TEST METHOD $TD. NO. 228
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shall be the average of the results obtained from
the specimens tested. '

5.4 The minimum circumference of the wire,
cable, conductor, etc., of the inspection unit
shall be the amallest of all values averaged in
determining the average circumference, 5.8.

5.5 The average and minimum circumfer-

(

\‘ 1808 teagae

ence of the wire, cable, conductor, »*~, of the
inspection unit shall be recorded to the nearest
0.002 inch.

58 The average diameter and .ninimum
diameter of the wire, cable, conductor, etc., of
the inspection unit shall be recorded to the near-
est 0.001 inch.

sret 1wt
[
[

FloUre 1441. Apparatus for measuring circumference.
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LAY OF TWIST, ARMOR WIRE

1. SCOPE

L1 This method is intended for use in deter-
mining the lay of twist (the ratio of the length
of lay to the pitch diameter of the layer of
armor wire) of armor wire. The pitch diameter
of any layer of wire of a cable is the diameter
of the circle passing through their centers.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit of sufficient length to include at
least two complete spirals of the armor wire
from which any covering over the armor has
been removed.

3. APPARATUS AND REAGENTS

31 The apparatus and reagents shall be as
follows: :

3.1.1 Stecl acale pradusted to %, inch or
finer or its decimal equivalent.

312 Binding cord or flezible wire.

313 TWiping rloth.

3.14 Chlorc, vrm or other auitalle avlvent.

4. PROCEDURE

41 The specimen shall be free from me-
chanical damage. Any dirt, fibers, saturants or
other extraneous materials shall be removed
from the specimen by means of the cloth and
solvent. If necessary, the armor wires shall
be secured in their original position by means
of binding cord. The distance parallel to the
axis of the specimen in which s helical element

of the armor wire makes two complete spirals -

shall be measured to the nearest 1§, inch with
the steel scale and the value recorded as 2L.

42 The diameter of the specimen over the
armor shall be measured as described in method
1221 for diameter over the armor of the speci-
men ard the value recorded as D,.

43 The armor wire shall then be removed
from the specimen a1d any fibers, ssturants, or
other extraneous materisls removed from the
wire by means of the cloth and solvent. The
diameter of the armor wire shall be measured
as described in method 1421 and the value re-
corded as D

5. RESULTS

5.1 Calculation. The lny of twist of the
armor wire at any place shall be calculated as
follows:

2L
Lay of twist=== | ength of lay)
D,—D, (pitch dlanseter)

where :

L ==the distance purallel to the uxis of the cable in
which & hellcal element of the armnor wire
ronkes one complete spiral, inches

N,mstbe diameter over the armor. inches

Dym=tbe diameter of the armor wire, inch

52 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

53 The lay of twist of the armor wire of the
inspection unit shall be the average of the re-
sults obtained from the specimens tested.

54 The lay of twist of the armor wire of the
inspection unit shall be recorded to the nearest

whole number.

FED. TEST METHOD STD. NO. 228
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LAY OF TWIST, CABLE

1. SCOPE . _

1.1 This method is intended for use in deter-
mining the lay of twist (the ratio of the length
of lay to the diameter of an individual finished
conductor or to the pitch diameter of any layer
of conductors of which the cable is composed) in
terms of the diameter of the finished individual
conductors or the pitch diameter. Pitch diame-
ter of any layer of conductors of a cable is the
diameter of the circle passing through their
centers.

2. SPECIMEN :

21 The specimen shall be s piece of the in-
gpection unit of sufficient length to include at
Jeust two complete spirals of the conductors
from which any covering over the finished con-
ductors has been removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Steel scale gradusted to 14y inch or

8ner or its decimal equivalent.

312 Wiping cloth.

3.13 CAloroform or other suitable solvent.

4. PROCEDURE '

4.1 Individual conductor method—The
specimen shall be free from mechanical damage.
Any fibers, saturants, or other materials shall
be removed from the finished individual con-
ductors by means of the cloth and solvent. The
distance paralle] to the axis of the cable in which
the conductor mekes one complete spiral shall
be measured with the graduated scale to the
nearest 13, inch and the value recorded as L.
The dismeter of the same individual conductor
shal]l be determined as described in method 1431
and the value recorded as D.

42 Pitch diameter method (cable with five
or more conductors).

42.1 The specimen shall be free from me-
chanical damage and shall be prepared as de-
scribed in 4.1.

422 The distance parallel to the axis of the
cable in which the conductors make one com-
plete spiral shall be measured as described in
4.1 and the velue recorded as L,.

423 The diameter over any layer of con-
ductors shall be measured as described in
method 1431 for diameter over the conductor
and the value recorded as D,.

4.2.4 The conductors shall be separated and
the diameter of a single finished conductor of
the same layer measured as described for diame-
ter over the layer and the value recorded as D,.

5. RESULTS

5.1 Calculation.

5.1.1 The lay of twist of the cable at any
place in terms of the diameter of finished indi-
vidual conductors of which it is composed shall
be calculated as follows:

L (length of lay)
D (diameter of individual conductor)

Lay of twistm=

where:
Lz=the distance, parallel tn the axia of the rahle of
one complete spiral of the conductor, Inches
De=the diameter over that same conductor, inches
5.12 The lay of twist of the cable at any
place in terms of the pitch diameter of any Inyer
of conductors of which it is composed shall be
caleulated as follows:

L, (length of lay)
D,—D, (pitch diameter)

Lay of twists=

where:

Ly=the distance, parnllel to the axis of the cabie, of

one complete spirul of the conductor, inches

D,=the diameter over the layer of conductors

D,m=the diameter over a conductor of the same layer

52 TUnless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

53 The lay of twist of the inspection unit
shall be the average of the results obtained from
the specimens tested.

5.4 The lay of twist of the inspection unit
shall be recorded to the nearest whole number.

FED. TEST METHOD STD. NO. 228
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LENGTH OF LAY, WRAP OR SERVING

1. SCOPE

1.1 This method is intended for use in deter-
minihg the length of lay or wraps servings, that
is, the distance parallel to the axis of the con-
ductor in which s serving or wrap makes one
complete spiral.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 8 inches in length from
which any covering over the wrap or servin
has been removed. '

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Steel scale graduated to 15, inch or
finer or its decimal equivalent.

3.12 Wiping cloth.

313 (Chioroform or other suitadle solvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. The mirface of the specimen
ghell be cleaned with the cloth and solvent so
as to expose the individual yarns. The binder
threads shall be cut or broken and a portion
of the wrap or serving unwound for a distance
of about one inch from the end of the specimen.

A reference mark shall be placed on the sur-
face of the core (assembly under the wrap or
serving) to locate the edge of the serving at
the point where unwinding stopped. Exactly
four complete spirals of the serving shall be
unwound and the distance along the axis of the
cable from the reference mark to the edge of the
serving measured to the nearest 14, inch and
the value recorded as 4L.

5. RESULTS

5.1 Calculation. The length of lay of the
wrap or sorving at any place shall be culculated
as follows:

Length of lay, lnches=.‘_‘1_‘

where:

4L=the distnnce in Inches along the axis of the eable
covered by four spirals of the weap or-gerving

52 Unless otherwise specified in the detail
specification, two specimens from ench inspec-
tion unit shall be tested.

5.3 The length of lay of the wrap or serving
of ithe inspection unit shaii be the average of the

‘results obtained from the specimens tested.

54 Thelength of lay of the wrap or serving
of the inspection unit shall be recorded to the
nearest 142 inch.

FED. TEST METHOOD STD. NG. 223
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. ANGLE, BRAID

1. SCOPE

1.} This method is intended for use in deter-
mining the angle between the yarns of the braid
and the axis of the insulated wire or cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at Jeast 6 inches in length from
which any covering over the braid has been
removed.

3. APPARATUS AND REAGENTS

3.1 The apparntus and reagents shall be as
described in the methods referenced in 4.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. Any fiber, saturant, or other
extruneous materials shall be removed from the

‘surface of the specimen by means of the cloth

and solvent. The number of picks per inch
shall be deterinined as described in method 8011
and the value recorded as P,

4.2 The number of carriers shall be deter-
mined rs described in method 8021 and ilie value
recorded as C.

43 The thickness of the braid shall be de-
termined as described in method 1111 and
recorded ag 7.

44 The braid shall be removed from the

specimen and the diameter over the core (as-

sembly under the braid) determined as described
in method 1111 and the value recorded as D.

45 1If two braids are present, the angle of
the outer one shall be determined from the
diameter over the inner braid.

5. CALCULATION

5.1 'L'he tangent of the angle of the braid at
any place shall be calculated as follows:

2sP(D+T)

Tangent of anglem C

where ;

P =the number of picks per inch of the braid

D =the diameter over the core, inch

T w==the thickness of hraid, inch

C =sthe number of carriers in the braid

29m=(.28

532 The angle of the braid shall be deter-
mined from the tangent of the angle by refer-
ence to a table of natural trigonometric func-
tions. N

5.3 Unless otherwise specified in the detail
specification, two specimiens. one from cach end
of the inspection unit, shall be tested.
- 54 The angle of the braid of the ingpection
unit shall be the average of the results obtained
from the specimens tested.

55 The angle of the braid of the inspection
unit shall be recorded to the nearest 5°,

FED. TEST METHOD STD. NO. 228
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ANGLE, WRAP

1. SCOPE

1.1 This method is intended for use in deter-
mining the angle which the yarns of cotton
wrap make with the axis of the insulated wire
or cable.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 6 inches in length from
which any covering over the wrap has been
removed.

3. APPARATUS AND REAGENTS

31 The apparatus and reagents shall be as
described in the methods referenced in 4.

4. PROCEDURE

41 The specimen shall be free from me-
chanical damage. The length of lay shall be
determined as described in method 1531 and the
value recorded as L.

42 The diameter over the wrap shall be de-
termined as described in method 1141 and the
value recorded as D.

43 The wrap shall tzen be removed from
the specimen and the diameter over the core
(assembly under the wrap) shall be determined
as described in method 1141, and the value re-
corded as D,.

44 Tf two wraps are present, the angle of
the outer wrap shall be determined from the
diameter over the inner wrap.

5. RESULTS

51 Calculation. The tangent of the angle
of the wrap at any place shall be calculated as
follows:

Tangent of lntle-'—(—.%‘%g‘l

where :

Dmthe diameter over the wrap or serving, inch

Dym=the diameter over the core, inch

Lm=the length of 1ay of one spiral of wrap

rm=3.14

52 The angle of' the wrap shall be deter-
mined from the tangent of the angle by refer-
ence to a table of natural trigonometric func-
tions.

5.3 Unless otherwise specified in the detail
specification, two specimens, one from each end
of the inspection unit, shall be tested.

54 The angle of the wrap of the inspection
unit shall be the average of the results obtained
from the specimens tested.

55 The angle of the wrap of the inspection
unit shall be recorded to the nearest 5°.

FED. TEST METHOD STD. NO. 228
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ANGLE OF BRAID, METAL ARMOR

1. SCOPE

1.1 ‘Ihis method is intended for use in deter-
mining the angle between the wire of braided
metul armor and the axis of the insulated wire
or cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at least 12 inches in length from
which any covering over the armor has been
removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
described in the methods referenced in 4.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. The number of picks per
inch of the armor shall be determined as de-
scribed in method 8011 and the value recorded
as P.

4.2 The number of carriers in the armor
shall be determined es deseribed in method 8021
and the value recorded as C.

4.3 The armor shall be removed from the
specimen and the diameter over the core (as-
sembly under the armor) shall be determined
as described in method 1111 and the value re-
corded as D.

- 4.4 The thickmess of the armor shall be de-
termined as described in method 1221 and the
value recorded as 7.

5. RESULTS

5.1 Calculation. The tangent of the angle
of the metal armor at any place shall be calcu-
lated as follows:

Tangent of anxle-z’rp (D+7)

where:

Pwm=the number of picks per inch

Dmthe diumeter over the core, inches

T=the thickness of the armor, Inch

C=the numober of carricrs in the arinor

2r=8.28

5.2 The angle of the metal armor shall be
determined from the tangent of the angle by
reference to a table of natural trigonometric
functions.

5.3 Unless ntherwise specified in the detail
specification, tywo specimens, one from each end
of the inspectinn unit, shall he tested.

54 The angie of the braided metal armor
of the inspection unit shall be the average of
the results obtained from the specimens tested.

5.5 The angle of the braided metal armor
of the inspection unit shall be recorded to the
nearest 5°. :

FED. TEST METHOD STD. NO. 228
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OVEBLAP, COTTON TAPE

1. SCOPE

1.1 This method is intended for use in deter-
mining the overlap of woven cotton tape on
insulated wire and cable,

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
gpection unit sufficient to contain at least six
complete spirals of the tape from which any
covering over the tape has been removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 Steel scale graduated to 14 inch or
finer, or its decimal equivalent.

3.1.2 Wiping cloth.

3.1.3 Chloroform or other suitadble zolvent.

4. PROCEDURE

4.1 The specimen shall be free from me-
chanical damage. Any saturants or other ex-
traneous materials shall be removed from the
surface of the specimen by means of the cloth
and solvent so as to expose the iaps of the tape.
The specimen shall then be laid on a smooth
horizontal surface and the distance along the
axis covered by 4 laps of the tape measured to
the nearest 1§, inch and the value recorded as
4L.

4.2 The tape shall be removed from the
specimen. The tape shall be straightened ; the
width nreasured by means of the steel scule at
three places equally spaced along the length of
the tape and the average value recorded us W.

43 If two or more Inyers of tape are present,
the overlap of each layer shall be determined
separately. :

5. RESULTS

51 Calculation. The overlap of the cotton
tape at any place shall be calculated as follows:

Overlap, lnch-w—.‘-:-‘

where:
W=the width of the tape, lochen
4L=ihe length nlong the axis of the wire or cable
covered by 4 laps of the tape, incbes

5.2 TUnless otherwise specified in the detail
specification. two specimens, one from each and
of the inspection unit, shall be tested.

5.3 The overlap of the tape of the inspection
unit shall be the avernge of the results obtained
from the specimens tested.

5.4 The overlap of the tape of the inspection
unit shall be recorded to the nearest 13, inch.

FED. TEST METHOD STD. NO. 228
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FLEXIBILITY, INSULATION, LOW TEMPERATURE

1. SCOPE

1.1 This method is intended for use in
determining the resistance of insulating and
jacketing compounds to cracking when bent at
low temperatures,

2. SPECIMEN

2.1 This specimen shall be a piece of the

inspection unit of sufficient length for testing, as

described in 4.2. When testing the insulation,
al) outer coverings shall be removed.

3. APPARATUS
3.1 The apparatus shall be as follows:

3.1.1 Mandrels shall be of a standard size
in one of the following diameters:

1/16 (0. 0625) 1-21/32 (1. 6562)

3/32 (0, 0938)

/a8 {0 1980\
/- v

\We asw

3/16 (0. 1875)
/4 (0. 2500)
3/8 (0. 3750)
1/2 (0,5000)
11/16 (0. 6875)
27/32 (0, 8438)
1-1/16 (1, 0625)
1-5/16 (1, 3125)

1-15/16 (1, 9375)
2-3/8 (2,3750)
2-7/8 (2.8750)
3-1/2 (3.5000)
4 (4. 0000)
4-1/2 {4.5000)
5 (5. 0000)
7-1/2 (7. 5000)
11 (11.0000)

The standard size selected shall be the largest
size which does not exceed the value computed
in accordance with table L. The 0, 0825-inch

mandrel shall be used when a smaller size than

0. 06235 is indicated by the computation.

3.1.2 Cold chamber, such as a refrigerator
or other equipment, capable of maintaining the
mandrel and sgecimen at the required tempera-
ture x1° C. (2

4. PROCEDURE

4.1 The specimen shall be subjected to a
temperature as specified in the detail specifica-
tion or specification sheet for a period of 20
hours £1/4 hour, except when otherwise specified
in the detail specification or specification sheet.

4.2 The specimen shall be suspended
vertically with lower end weigiited sufficiently
to keep specimen taut and to permit bending
without handling. The specimen shall be
attached to the mandrel of the size computed
in accordance with table L The specimen and
mandre! shall be placed in the cold chamber
and ‘subjected to the required temperature for
the required period of time. At the end of the
exposure period and while still in the cold
chamber, the specimen shall be bent for six
close turns around the mandrel for cable OD
of 0.750 inch or less, or 180° bend for cable
OD of 0.751 inch or greater, at the rate
specified in the detail specification or specifi-
cation sheet. The specimen shall be examined
for cracks.

4.3 Flat twin wire or cable shall be bent
on the minor axis of its cross section.

TABLE 1. Computed mandrel sizes

Mandre] size, maximum —
Nom. outside diameter of Individual insulated
insulated conductor of cable | Unshielded cable | Shielded cable conductors
Up to 0. 300 1.0XOD 3.0XO0D 1.5 XOD
.301 to ,350 2.0 X OD 3.0 X OD 2.0X 0D
.351¢t0 .450 2.5X OD 3.0X 0D 2.5 X OD
.451 to , 550 3.0X OD 3.0 X OD 3.0 X OD
.551t0 ,750 4.0X OD 4.0X 0D
.151 t0 , 950 5,0 X 0D 5.0XOD
. 951 to 1,050 6.0 X OD 6.0 X OD
1.051 to 1,150 7.0X OD 7.0X 0D
1. 151 to 1. 250 8.0 X OD 8.0 X OD
Over 1. 251 10,0 X OD 10,0 X OD
| FED. TEST METHOD STD. NO. 228
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S. RESULTS

5.1 Unless otherwise specified in the
detail specification or specification sheet, one
specimen from each inspection unit shall be tested.

5.2 Any cracks in the insulation or jacket
ol the specimen shal! he recorded.

FED. TEST METHOD STD. NO. 228

5.3 The {lexibility of the insulation or
jacket of the inspection unit shall be the
results obtained from the specimen or
specimens tested.

$.4 The temperature and time of
exposure,
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Method 2021
April 14, 1967

FLEXIBILITY, ARMORED CABLE, LOW TEMPERATURE

£/

1. SCOPE

1.1 "This method is intended for use in deter-
inining the ability of armored cable to with-
stand bending at a low temperature without
damage.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit of sufficient length to permit bend-
ing one complete turn around the mandrel re-
quired in 4.2, .

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1 Mandrel of the diameter required in
4.2.

3.12 Wooden bar approximately 5 feet in
length. ’

3.1.3 Cold chambder as a refrigerator or
other equipment capable of maintaining the
mandrel and inounted specimen at the required
temperature within =1° C. (2° F.).

4, PROCEDURE

4.1 Unless otherwise specified in the detail
specification, the specimen shall be subjected to

- s tempernture of —10°=1° C. (14°x2° F.) for

a period of 18= 1, hour.

42 Unless otherwise specified in the detail
specificntion, the size of the mandre] shall be
8.5 times the over-all diameter of the specimen.

43 The specimen shall be free from me-

chanical damage and shall not be beat or flexed .

until it has reached room temperature. It shall
be straightened and mounted on a wooden bar.
The mounted specimen and mandrel shall be
placed in the cold chamber at the required tem-
perature for the required period of time. At
the end of the exposure period, the specimen
shal] be removed from the cold chamber, de-
tached from the bar, and immediately bent
around the mandrel at a uniform rate of 20°
per second. The specimen shall be clamped in
the bent position and a visual inspection made
of all its component parts.  The armor shall be
opened and the material under it examined for
cracking or other damage.

44 Flat twin wire or cable shall be bent on
the minor axis of its cross section only. The
minor diameter shall be used in determining
the size of the mandrel.

5. RESULTS -

8.1 Unless otherwise specified in the detail
specification, one specimen from each inspee-
tion unit shall be tested.

52 Any cracking or other damage to the
armor or other purts of the specimen shall be
recorded.

53 The flexibility of the inspection unit
shall be tho results obtained from the specimen
or specimens tested.

5.4 The temperature, time of exposure, and
size of the mandrel shall be recorded.

FED. TEST METHOD STD. NO. 228
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FLEXIBILITY, COTTON COVERED ELECTRIC CORD

1. SCOPE

1.1 This method is intended for use in deter-
mining the ability of insulated wire, cord, and
cable to bend around cylindrical forms of rela-
tively small diameter without damage. 1t is
particularly applicable to cotton covered flex-
ible electric cord. The method is not applicable
to asbestos covered cord or wire.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 15 feet in Jength.

3. APPARATUS

8.1 The apparatus shall consist of a mandrel
of the diameter required in 4.1,

4. PROCEDURE

4.1 TUhnless otheriwiso specified in the detail
rpecification, the diamcter of the mandrel shall
be five times the over-all diameter of the speci-
men.

4.2 Unless otherwise specified in the detail
specification, the specimen shall be conditioned
and tested at s temperature of 23°=}* C,
(13.5°=2° F.).

43 The specimen shull be free from me-
chanical damage and shall not be hent or flexed
until it has reached the temperature required in
4.2. Handling and tlexing of the xpecimen

ghall be reduced to the absnlute minimum neces-’

sary in conducting the test. The over-ull di-
ameter of the specimen shall be measured as

described in method 1111. The specimen shall

be bent for ten close turns around the mandrel
required in 4.1. It shall then be unwound and
rewound so that the outer side of the coil is
reversed to become the inner side. This opera-
tion shaH be repeated for a total of three cycles.
The coil shall then be struightened and ex-
amined visually for breaks in the fibhrous cover-
ing or conductor, flaking of any impregnating
compounds or finishing materials, damage to
the insulation, or change in appearance or evi-
dence of strain. Cracking is not necessurily
fluking of the finish.

4.4 Flat twin cable shall be bent on the minor
axis of its cross section only. The minor di-
ameter shall be used in determining the size of
the mandrel.

5. RESULTS

5.1 Uuless otherwise specified in the detail
gpecification, one specimen from each inspection
unit shall be tested.

52 Any breaking of the fibrous covering or
conduciory, dumage to the insilation, appre-
ciuble change in appearance, or evidence of
strain of the specimen shall be recorded.

53 Flaking of the finishing materinls of
the specimen shiall be recorded.

5.4 The flexibility of the inspection unit
shall be the results obtained from the specimen
tested.

55 The temperature of the test and size of
the mandvel shall be recorded.

FED. TEST METHOD STD. NO. 228
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FLEXIBILITY, FIBROUS COVERINGS

()

1. SCOPE

L1 This method is intended for use in deter-
mining the resistance to breakage of the yarns
of fibrous coverings of insulated wire and cable.
It is particularly applicable to wires and cables
of the bnilding type.

2 SPECIMEN

2.1 The specimen ghall be a piecs of the in-
spection unit 24 =14 inch in length.

3. APPARATUS

3.1 The apparatus shall consist of n mancre)
of the diameter required in table I of method
8221.

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, the specimen shall be conditioned
and tested at a temperature of 23°x1° C, (73.5°
=2°F.).

42 The specimen shall be free from me-
chanical damage and shall not be bent or flexed
until it has reached the temperature specified in
4¢.1. Handling and flexing of the specimen
shall be reduced to the absolute minimum neces-
sary in conducting the test. The specimen shall
then be bent around a mandrel of the diameter
required in table I of method 8221. If the wire
or cable is size No. 2 AWG or smaller, as many
turns shall b msde about the mandrel as will
permit it to conform closely to the mandrel

with a 2 to 214 inch straight length of the speci-
men at-each cnd.  If the size of the wire or cable
is Jarger than No. 2 AWG, a simple U-turn
shall be made about the mandrel. The speci-
men shall be examined for broken yarns in the
fibrous covering both before and after reinoval
from the mandrel. Examination shall also be
made for any flaking of the finishing material
from the wire or cablc as a result of the bending
test, without actusl rubbing of the wire. Crack-
ing is not necewsarily flaking of the finish.

43 Fiat twin cable shall be bent on the
minor axis of its cross section only.

5. RESULTS

8.1 TUnless otherwise specified in the detail
specification, one specimen from each inspection
unit shall be tested.

8.2 Any breaking of the yarns in the fibrous
covering of the specimen shall be recorded.

52.1 For wraps or servings, the type of yarn
Uroken ghall be recorded.

53 Any flaking of the finishing materials of
the specimen shall be recorded.

5.4 The fexibility of the fibrous covering of
the inspection anit shall be the results obtained
from the specimen or specimens tested.

§5 The temperature of the test shall be re-
corded. '

FED. TEST METHOD STD. NO. 228
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FLEXIBILITY, FIBROUS COVERINGS, LOW TEMPERATURE

1. SCOPE

11 Thismethod is intended for use in deter- -
mining the sffect of bending at low temperatures ~ specification, the
. & tamperature 6f —10°x1° C. (14°=2° F.) for

ou fibrous coverings of wire and cable,
2. SPECIMEN

21 The specimen, from a single insulated

conductor 0.500 inch in diameter and smaller,
shall be & piece of the inspection unit of sufli-
cient Jength to permit bending three complete
turns around a mandrel of the diameter speci-
fied in table I. The specimen from s single
insulated conductor larger than 0.500 inch in

" dismeter and any multiple conductor cable, shall

bo a piece of the inspection unit of sufficient
Jength to permit bending one complete turn
around & mandrel of the dinmeter specified in
table I. Any covering over the fibrous covering
to be tested shall be removed.

8. APPARATUS

3.1 The apparatus shall be as follows:

311 MNandrel with » diameter equal to the
over-all cible diameter multipliad by ths factor

specified in table I.

312 Cold chamder as s refrigerator or .

other equipment capable of maintsining the
specimen at the required temperature within

21 C. (2* F.).

4 PROCEDURE i
&1 Unless otherwise specified in the detail
specimen shall be subjected to

s period of =% hour.

42 . The specimen shall be free from me-
chanical damage and shall not be bent or flexed
until it bas reached room tempersture. It shall
then be straightened and placed in the cold
chamber for the required time at the required
-temperature. At the end of the exposure pe-
riod, the specimen shall be removed from the
cold chamber and bent immediately around a
mandre! of the required size at a uniform rate of
not less than 10 nor more than 12 turns per
minute. The specimen shall be clamped in the
bent position and inspected visually for break-
ing of the yarn in the fibrous covering and
flaking of the Anishing material from the cabic.
Cracking is not necessarily flaking of the finigh.

43 The diameter of the mandrel shall be
detarmined by multiplying the overall diwn-
ster of the cable by the factor in table I corre-
sponding to the overall diameter of the cable
and the sverage thickness of the insulation.
The average thickness of the insulation shall be
detarmined as described in method 1011.

Tamz 1L—MNultiplying factor for determining mandrel diameter
Cabis diameter 0 05inch |  ©.501 to 1.000 ineh 1.001 to 1.800 Inches | O'cr 1500
QM%.AWG Anysim | Upwe® {¢(Osadover| Upw ¢ |€¢Oandover| Anysise
Insulation thiskness:
%4 and smaller 3 4 e . [ ] ] 12
Over ", t0 %, 4 f 3 k 4 4 10 12
Over "N, | ] (] 8 12 12

44 Fiat twin cable shall be bent on the - diameter shall be used in determining the size
minor axis of its croms section only. The minor  of the mandrel

FED. TEST METHOD $TD. NO. 223
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§. RESULTS

81 Unler= - tharwise specified in the detail
specification, one specimen from each inspection
unit shal! be tested.

82 Any bresking of the yarn in the fibrous
~overing of the specimen shall be recorded.

§21 For wraps or servings, the typs of
yarn broken shall be recorded.

FED. TEST RETHOOD $TD. NO. 228
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FLEXIBILITY, EXTENSILE ANDRETRACTILE CORD

1. SCOPE

1.1 This method is intended for use in
determining the characteristics of retractile
cord,

2, SPECIMEN

2.1 The specimen shall consist of a 6-inch
length of finished retractile cord.

3. APPARATUS
3.1 The apparatus shall be as {follows:

3.1, 1 A suitable testing machine that will
extend and retract the cord at a fixed rate,

3. 1.2 Weights of 6, 8, and 10 ounces.

3.1.3 Cold cha.mbér, such as a refrigerator
or other equipment, capable of maintaining the
required temperature within :1° C (2° F).

4. PROCEDURE

4,1 Prior to meeting any extensile and
retractile tests, the cord shall first be conditioned
by extending the coiled portion 6 to S
times its retracted length, allowing it to retract
treely each time., The cord shall be capable of
returning to its original continguous position when
laid on a horizontal surface.

4.2 The resistance of the conductor shal! be
measured and recorded in accordance with method
6021, The cord shall then he clamped in a suitable
testing machine and extended to 4 times its re-
tracted length for 5, 000 cycles at a rats of not
less than 18 nor more than 40 cycles per minute,
The cord shall be capable of returning to at ieast
20 percent of its original retracted length within
one hour after completion of the cycling. The
resistance of the conductor shall be remeasured
and the change. in the resistance shall not exceed
10 percent of its original resistance.

4.3 The cord shall then be positioned vertical-
lv and a load of 6 ounces for single-conductor cord,

8 ounces for two-conductor cord, and 10 ounces
for three- or four-conductor cord shall be applied
to the end, The {inished cord shall have a mini-
mum extended length of 2-1/2 times its retracted
length,

4.4 The cord shall then be suspended verticail-
ly and extended to 5 times its retracted length and
immediately released. The cord shall return to
within 10 percent of its original length within 5
minutes,

4.5 The cord shall then be extended hetween
two adjustable clamps fastened to a vertical
support so that the coiled portion of the cord is
stretched to 250 percent of its original retracted
length for a period of 48 hours. After 48 hours,
the cord shall be released from its extended
position and {freed from restraint by tapping on a
hortzontal surface and laid at rest. Thirty
minutes after being placed at rest on the hori-
zontal surface, the cord shall return to not
more than 115 percent of its original retracted
length within 30 minutes,

4.6 The finished cord shall be placed in a
cold chamber for not less than 20 hours at a
temperature of =40” +1°. At the end of this
period and without remcving from the chamber,
the cord shall be extended to 4 times its re-
tracted length and then released on a horizontal
surface. While stil] at -40° C. temperature, the
cable shall be freed from restraint by tapping on
the surface, The cord shall retract to not more
than 200 percent of its original length within 30
seconds,

§. RESULTS

5.1 Unless utherwise specified in the detail
specification or specification sheet, one speci-
men from each inspection unit shall be tested.

5.2 The d,c. resistance, both before and
after the cycling, shall be recorded,

5.3 The temperature and time of exposure

that the cord withstood in the cold chamber shall
be recorded.

FED. TEST METHOD STD. NO. 228
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ELONGATION, ARMOR

1. SCOPE

1.1 This method is intended for use in deter-
mining the resistance to stretching of armor on
insulated wire and cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at lenst 44 inches in length from
which any covering over the armor has been
removed. ,

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1 Two clamps each 2 inches wide and of
good fit on the cable to be tested.

312 Weight ns required in 4.1.

3.1.3 Vertical hoisting equipment.

3.14 Steel scale or tape graduated to li.
inch or finer, or its decimal equivalent.

4. PROCEDURE

4.1 TUnless otherwise specitied in the detail
specification, n weight of 100 pounds shall be
used.

4.2 Ome clamp shall be fastened un each end
of the specimen, leaving 2 inches of the cable
projected beyond the clamps. This leaves a
distance of 36 inches of the specimen between
the clamps. The clamps shall be fastened
firmly enough to prevent slipping but not tight
enough to crush the armor.

4.3 One clamp shall be connected to the
weight and the other attached to a hoisting

apparatus. The unweighted end of the speci-
men shall be hoisted gently until the weight on
the other end hangs freely without swaying.
The specimen shall hang vertically and per-
pendicularly to the face of the clamps, The
specimen shall support the specified weight
for one minute. The specimen and weight
shall be lowered, the clamps removed, and the
specimen measured for recession of the conduc-
tors into the armor at esch end. The ineasure-
inents shall be mnde to the nearest 14, inch and
the sum of the recessions recorded.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, one specimen from each inspection
unit shall be tested.

5.2 The elongation of the armor at any
place shall be the sum of the recessions of the
conductor into the armor at each end.

53 The elongation of the armor of the in-
spection unit shall be the resnlt obtained {rom
the specimen tested.

3.1 When more than one specimen is
tested, the clongation of the armor of the in-
spection unit shall be the average of the results
obtained from the specimens tested.

54 The-elongation of the armor of the in-
spection unit shall be recorded to the nearest
%g inch.

55 The weight used shall be recorded.

FED. TEST METHOD STD. NO. 228
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TOUGHNESS, ARMOR WIRE

1. SCOPE

1.1 This method is intended for use in deter-
mining the ability of armor wire to resist break-
ing from repested flexing.

2. SPECIMEN

2.1 The specimen shall be & 6-inch length of
the wire taken from the armor of the inspection
unit.

3. APPARATUS

31 The apparatus shall be as follows:

8.11 Flexing machine with a power driven
oscillating head and equipment for holding the
specimen under constant tension.

.3.1.11 Two supports each with a radius of

curvature of 0.030 inch shall be mounted on
the head. With the head at its mid-point of
travel, the pins shall be in the horizontal plane
through the center of the head and normal to
the plane of oscillation. The position of the
pins shall be adjustable to accommodate wire
~of various diameters and the pins shall be
spaced equidistant from the center of oacilla-
tion. With a specimen in the machine, the
head shall oscillate through an angle of 180°
and bend the specimen, while under tension,
back and forth over the pins. The head shall
oscillate at a uniform speed of 25 cycles per
minute (50 oecillations per minute).

3.1.12 The machine shall be equipped with
& counter to indicate the number of oscillations.

4. PROCEDURE

4.1 The constant tension applied to the
specimen shall be as specified in the detail
specification.

42 The specimen shall be free from me-
chanical damage, shall show no surface cracks
or other defects visible to the unaided eye, and
shall be free from surface oxide. The specimen
shall be placed in the testing machine under the
required tension and the machine started. The
test shall continue with frequent.observations
until the wire has broken. At this point the
number of oscillations required to break the
specimen shall be read from the counter and
the value recorded.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, three specirrens from each inspec-
tion unit shall be tested.

5.2 The toughness of the armor wire of the
inspection unit shall be the average of the re-
sults obtained from the specimens tested. -

5.3 The toughness of the armor wire of the
inspection unit shall be recorded to the nearest
cycle.

54 The tension applied to the specimen
shall be recorded.

FED. TEST METHOD STD. NO. 228
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SPRINGINESS, ARMOR WIRE

1. SCOPE

1.1 This method is intended for use in deter-
mining the ability of a braided metal armor to
remuin tight on the sheath or core material
during and after fabrication of the cable.

2. SPECIMEN

21 ‘The epecimen shall be n 2-foot length
of the wire taken from the armor of the inspec-
tion unit.  An equivalent length taken from the
wire hefore braiding may be used when speci-
fied in the detail specification.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1 Steel mandrel 025+0.01
dinmeter.

3.1.2 Weight as required in 4.1.

3.1.3 .1ny suitable machine for holding and

turning the mandrel about its own nxis. A .

satisfactory device is a power-driven lathe
equipped with chuck.

313 LBinding wire or cord.

3.1.5 Mirrometer caliper graduated to read
to mils or 0.001 inch, and having flat surfaces on
both anvil and end of spindle, each approxi-
mately 0.25 inch in diaineter. The surfaces of
the anvil nnd spindle shall be parallel to within
0.0001 inch.

4. PROCEDURE

4.1 TUnless otherwise specifisd in the detail
specification, s weight of 100 grams shall be
used.

42 The mandrel shall be centered in the
chuck of the Jathe and supported at the free end
on a center. The specimen shall be bent around
the mandrel and fastened by means of a binding
cord or wire. The required weight shall be
applied to the free end of the specimen and the
chuck turned at approximately 20 revolutions
per minute to wind the specimen on the mandrel.

-Adjacent turns of the wire shall be kept as clase

to each other as practicable.

inch in

43 After the specimen has been wound
around the mandrel, the diameter over the
armor wire coil shall be measured and the value
recorded as D,. The anvil and spindle of the
micrometer caliper shall be just brought into
contact with the surface of the armor wire in

“such a manner that it is not distorted. The cri-

terion of contact is the initial development of
frictionn] resistance to movement of the armor
wire between the micrometer surfaces. The
weight shall be detached and the armor wire
coil removed from the mandrel. The diameter
over the coil shall be ‘messured as described
nbove and the value recorded az D,. Five meas-
urements near the middle of the coil shall be
made and the average recorded as 0, and D,.
respectively. The diameter over the coil before
and after removal from the mandrel shall be
determined as nearly as practicable at the same
point.

5. RESULTS

5.1 Calculation. The springiness of the

~ arnior wire of the speciinen shall be calculated

as follows:

Springiness, inchesssy—D,
where :
D\=tbe average diameter over the armor wire coil
. wound around the mandrel, inches
D:=the sverage diameter over the armor wire cofl
after remuval from the mandrel, inches

5.2 Unless otherwise specified in the detail
specification, two specimens from each inspec-
tion unit shall be tested.

5.3 The springiness of the armor wire of the
inspection unit shall be the average of the re-
sults obtnined from the specimens tested.

54 The springiness of armor wire of the
inspection unit shall be recorded to the nearest
mil or 0.001 inch.

8.5 The weight used shall be recorded.

FED. TEST METHOD STD. NO. 228
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TIGHTNESS, ARMOR

1. SCOPE

11 This method -is intended for use in
determining the tightness of braided armor on
the conductor assembly.

2. SPECIMEN

21 The specimen shall be a piece of the
inspection unit 1014 feet in length from which
any covering over the armor has been removed.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.L1 Dl/p~ approximately 10 feet long and
having an inside diameter alightly larger than
the outside diameter of the specimen to be
tested 50 as to permit the cable to move freely
but not loosely through the pipe. One end of
the pipe exterior shall be thrended to receive
a cap which shall contain a round, emooth hole
large enough to allow the cable conductors to
pass freely, but small enough that s flange re-
mains to support and contain the armor within
the pipe.

312 Weight as required in 4.1

uiregd in 2.4,

38.13 Steel scale gradunted to 144 inch or

finer or its decimnl equivalent.

314 Vertiral hnisting equipment.

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, & 15-pound weight shall be used
in testing numbers 18, 16 and 14 stranded con-
ductor cable (armored cord), and a 40-pound
weight for testing all other cable.

42 The armor and sheathing shall be re-
moved from one end of the specimen so as to
expose € inches of the conductor. The armor

shall be cut squarely and any burrs removed by
menns of a file. The cable shall be inserted into
the pipe so that the conductor protrudes from
the threaded end. The cap shall be applied so
as to contain the armor within the pipe and
permit the 6-inch length of protruding conduo-
tor to move freely. The protruding conductor
shall be securely fastened into a loop and this
attached to the weight. The pipe containing
the specimen shall be raised to a vertical posi-
tion with the weight at the bottom and then
gently hoisted till the weight hangs freely with-
out swaying.

4.3 After the weight has been suspended for
1 minute the pipe shall be lowered and the dis-
tance the conductor has receded into the armor
at the end opposite the weighted end shall be
measured by means of the scale to the nearest
149 inch.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, one specimen from cach inspection
unit shall be tested.

62 Thetightness of the armor of the inspec-
tion unit shall be the result obtained from the
specimen tested.

521 When more than one specimen is tested
from each inspection unit, the tightness of the
armor shall be the average of the results ob-
tained from the specimens tested.

53 The tightness of the armor wire of the
inspection unit shall be recorded to the nearest
%’ inch.

64 The weight used shall be recorded.
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OPENING, ARMOR

1. SCOPE

L1 This method is intended for use in deter-
mining the resistance of armor of insulated wire
and cable to opening.

2. SPECIMEN

2.1 The specimen shall be the armor from a
piece of the inspection unit at least 44 inches in
length. The specimen shall be prepared by
removing the conductor from the cable withont
mechanical damage to the armor.

3. APPARATUS

8.1 The apparatus shall be as follows:

311 Two clampe each 2 inches wide and of
good fit on the specimen to be tested.

3.12 Weight as required in 4.1.

3.1.3 Pertical hoisting equipment.

4. PROCEDURE _

4.1 Unless otherwise specified in the detail
specification, specimens of armor from sizee
AWG 18, 16, and 14 stranded conductor cable
and all sizes having arm.: of {attened cross
section shall be tested with a 150-pound weight
and cables of all other sizes shall be tested with
s 300-pound weight.

42 One clamp shall be fastened on each end
of the specimen, leaving about 2 inches of the
armor projected beyond the clamps. The

clamps shall be fastened firmly enough to hold
the specimen but not tight enough to damage
the armor. One clamp shall be connected to
the specified weight and the other attached to a
boisting apparatus. The unweighted end of
the specimen shall be hoisted gently until the
weight on the other end hangs freely without
swaying. The specimen shall hang vertically,
and perpendicularly to the face of the clamps.
The specimen shall support the specified weight
for one minute. The specimen nnd weight shall
be lowered, the clamps removed, and the armor
examined visually for openings. Any openings
in the specimen of sufficient size to expose any
material under the armor shall be recorded.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, one specimen from each inspection
unit shall be tested.

5.2 The opening of the armor of the inspec-
tion unit shall be the results obtained from the
specimen tested.

*53 Any openings in the armor of sufficient
size to expose any material under it shall be
recorded.

54 The weight used shall be recorded.

FED, TEST METHOD STD. NO. 228
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ABRASION RESISTANCE

1. SCOPE

1.1 This method is intended for use in
determining the abrasion resistant character-
istics of the finished wire or cable,

2, SPECIMEN

2,1 The specimen shall consist of a 36-inch
length of finished insulated wire or cable.

3. APPARATUS
3.1 The apparatus shall be as follows:

3.1.1 Abrasion tester and garnet abrasive
tape as specified in MIL-T-5438,

3.1.2 Analternate abrasive tape is as follows:
Cloth tape 50 yards long by 1-inch wide., The
abradant shall be aluminum oxide, grit 400,
Behr-Manning Manufacturing Company, or
equal, Strips of silver conductive paint. 1/4-
inch wide, shall cross the tape at right angles to
its edge, at intervals of 3 inches, center to
center, The conductive paint shall be DuPont
4817 or equivalent.

3.1.3 Weights as specified in the detail
specification or specification sheet,

4. PROCEDURE

4.1 An inch of the insulation and outer
covering shall be removed from one end of a
38-inch specimen of the finished wire. The
stripped end of the specimen shall be fastened
in the clamp over the tape-feed reel of the

tester and the other end shall be attached to the
tension load specified in the detail specification
or specification sheet. Using the weight support
bracket, weight, and type of abrasive tape
specified in the detail specification or specifica-
tion sheet, the specimen shall then be subjected
to the test. At the start-up for each measure-
ment, the center of a conducting strip on the
abrasive tape shall be at the point of contact
with the wire, The reading of each measurement
shall be the length of abrasive tape, in inches,

" to come in contact with the wire to the point

where the machine stops., After each reading the
specimen shall be moved forward 2 inches and
rotated clockwise 90 degrees, Eight readings
shall be obtained for each specimen. An average
shall be obtained by calculating the arithmetic
mean of all the readings which are individually
less than the arithmetic mean of all the eight
readings per specimen, This average shall
define the abrasion resistance of the specimen
under test.

5. RESULTS

5.1 Unless otherwise specified {n the detall
specification or specification sheet, one specimen
from each inspection unit shall be tested.

5.2 Each of the eight readings shall be re-
corded and an average shall be obtained by calcu-
lating the arithmetic mean of all the readings which
are individually less than the arithmetic mean of
all the eight readings per specimen.

5.3 The weight, tension load, and type of
abrasive tape used shall be recorded,

FED. TEST METHOD STD. NO. 228
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TENSION TESTS, INSULATION AND SHEATH; GENERAL

1. SCOPE A

11 Thib group of tests is intended for use
in determining the eflect of application of &
tension load to the insulation and sheaths of
insulated wire and cable. Methods of test for
tensile strength, ultimate elongation, tensile
stress, tearing strength, and set of rubber and
thermoplastic compounds, and tensile strength
of varnished cambric insulation are described.

2. DEFINITIONS

21 Tensile strength. Tensile strength is
the force per unit of the original oross-sectional
area of the unstretched specimen which is ap-
plied at the time of rupture of the specimen. It
is calculated by dividing the breaking force in
pounds by the cross section of the unstretched
specimen in square inches. For example, if 2
specimen of cross section 0.25 inch by 0.10 inch
broke at a force of 50 pounds, the tensile
strength would be 50 divided by (0.25Xx0.10)
which is equal to 2,000 pounds per square inch.
When a stress is applied to the specimen of rub-
ber and thermoplastic compounds, the material
strotches with an accompanying reduction in
cross-sectional area. Since precise measure-

ments of the specimen cannot be made at the °

moment the specimen breaks, calculation of the
tensile strength at break is based on the cross-
sectional area of the specimen before applica-
tion of any load. _

22 Elongation. Elongation is the exten-
sion between bench marks produced by a ten-
sion force applied to s specimen and is ex-

pressed as a percentage or original distance be- -

tween the marks on the unstretched specimen.
Ultimate elongstion is the elongation at the
moment of rupture. For example, if a 1-inch
bench length is marked on an unstretched speci-
men and the specimen is stretched until the
bench marks are 7 inches apart, elongation is
7 inches—1 inch=6 inches or 800 percent.
23 Tensile stress. Tensile stress is the
force per unit of origina] cross-sectionsal area of
the unstretched specimen required to stretch

the specimen to a stated elongation. It is ea-
pressed in pounds of tension load per square
inch at the stated elongation. For example,
1,000 pounds per square inch at 500 percent
elongation. It is often designated in rubber
technology by the term “modulus”.

24 Tension set. Set is the elongation re-
maining after s specimen has been stretched and
held at & specified elongstion for a given period
of time, then relieved of the force and allowed
to rest for a definite period of time. It is ex.
pressed as a percentage of the original distance
between bench marks on the unstretched speci-
men. For example, a specimen is stretched
from 1 to 8 inches for a period of 10 minutes and
then relessed. Its Jength after the 10 minute
rest 13 1.2 inches, so that the set under these
conditions is 0.20 inch or 20 percent.

25 Tearing strength. Tearing strength is
the ratio of the maximum force applied during
tear of a specimen to the thickness of the un-
stretched specimen. For exainple, if a force
of 36 pounds is necessary to tear a specimen
0.082 inch thick, the tearing strength would be
38 divided by 0.082, or 439 pounds per inch,

26 Median. If the numerical values for a
given property are arranged in an ascending or
descending order, the median is obtained as
follows: '

26.1 If the number of values is odd, the
median is the value in the middle of the series.

262 If the number of values is even, the
median is the arithmetic average of the two
middle values.

3. SPECIMEN

3.1 Types.

31.1 Two shapes of specimens may be used
for tensile strength, elongnation, tensile stress,
and set of rubber or thermoplastic insulstion.
These are the dumbbell and stiaight specimens.
A dumbbell specimen, as described in method
3021, shall be used whenever it is practicable
to prepare it from the piece (varnished cam-
bric insulation excepted) to be tested. Straight

FED. TEST METHOD $TD. NO. 228
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specimens in the form of tubes shall be used
for rubber and thermoplastic insulation and
sheaths when it is not practicable to prepare &
dumbbell. A straight specimen 1 inch wide or
the full width of the tape if less than 1 inch
wide shall be used for determining the tensile
strength of varnished cambric insulation,

3.1.2 Specimens for use in the determina-
tion of tearing strength are shown in figure
3111

3.2 Direction. Specimens shall be taken in
the length direction of the wire or cable for rub-
ber or thermoplastic insulation and sheaths and
in the length direction of the tape for varnished
cambric insulation,

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, tensile strength, elongation, and
tensile stress of rubber or thermoplastic insula-
tion and sheaths shall be determined on the
- same speciimen and during a single test.

4.2 1If five specimens are required for deter-
mining any one of the above properties, 4.1,
these five specimens shall be used for determin-
ing all of these properties.

FED. TEST METHOD STD. NO. 228

43 If the piece from which the specimen is
to be prepared is too thick or has an uneven sur-
face that may interfere with the determination
of thickness, the piece or portion of the piece
shall be buffed us described in method 3011.
The specimen shall be permitted to rest at least
30 minutes between buffing and testing. Speci-
mens for tension tests shall be buffed in the strip
form before cutting with a die.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, three specimens from each in-
spection unit shall be tested for tensile strength,
elongation, teusile stress, and set of rubber and
thermoplastic insulation and sheath except that
under the following conditions five specimens
shall be tested:

5.1 If unc or more values do not meet the
specified requircinents when tested for com-
pliance with specifications,

5.12 If referee tests are being made.

5.2 The characteristic of the insulation or
sheath of the inspection unit shall be the median
of the results obtained from the specimens
tested.

/o
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BUFFING, INSULATION AND SHEATH

1. SCOPE

1.1 This method is intended for use in re-
moving unevenness of surface from rubber and
thermoplastic insulation and jacket materials
which would interfere with the measureinent of
thickness of the specimen or subsequent tests.
It also may be used to reduce the thickness of
the piece where necessary before testing and to
remove glaze or skim coat that may interfere
with further examination or tests.

2 PIECE

2.1 The piece for buffing shall consist of a
portion of the inspection unit of sufficient size
to permit the preparation of a specimen of the
required size for test.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1 The apparatus shall consist of a
grinder equipped with a motor-driven abrasive
wheel 5 inches in diameter, composed of ap-
proximatelv number 30 grit. Larger diameter
wheels mny be used provided the speed is ad-
justed to give a surface speed equivalent tu a

5-inch wheel operating st the speed specified in
4.1. The grinder shell also be equipped with
a slow feed in order that very little of the ma-
terial will be removed at one cut.

4. PROCEDURE

4.1 The speed of the abrasive wheel shall be
from 2,500 to 3,500 revolutions per minute if
a 5-inch wheel is used. The face of the wheel
shall be sharp and the final buffed surface shall
be finished uniformly and smoothly. Very
little materiz] shall be removed at one cut,
otherwise the piece may be injured by over-
heating. The buffing shall not be carried
beyond the point at which the unevenness of
gnge just disappears, except in the case of thick
muterinls where it is necessary to reduce the
thickness for tension or other tests. In such
cases it may be desirable to slice the piece to
approximately the correct thickness of the re-
quired specimen before buffing. The specimen

at loact 30 minutes
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between buffing and testing.
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CALIBRATION, TENSION TESTING MACHINE

/0

L SCOPE

1.1 This method is intended for use in cali-
brating the testing machine described in method
8021.

2. SPECIMEN

21 The specimen shall be a dumbbell speci-
men of a tread compound.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.11 Testing machine described in method
8021,

3.12 A4 suitabls hook which can be attached
to the power-sctuated grip of the testing ma-
chine for holding weights.

3.13 Weights, equal to 10, 20, end 50 percent
of the capacity of the machine.

4. PROCEDURE

41 One end of the dumbbell specimen shall
be placed in the upper clamp of the testing
machine. The lower clamp shall be removed
and there shall be atinched to it a hook suitable
for holding weights. The luwer clainp shall be
attached to the lower end of the dumbbel]l speci-
men. A weight shall be suspended from the
hook on the lower clamp in such a way as to
permit the weight assembly to rest on the clamp
holder. If the machine has & dynamometer

head of the compensating type, it shall be cali-
brated at two or more settings of the compen-
sator,

42 The motor shall be started, with the
pawls or other maximum load-indicating device
engaged as in normal testing, and the weight
applied until the weight assembly is freely sus-
pended by the specimen. If the dial or scale
(whichever is normally used in testing) does
not indicate the weight applied (or its equiva-
lent in stress for compensating type of testers)
within =1 percent, the machine shall be thor-
oughly checked for excess friction in the bear-
ings and all other moving parta.

4.3 After eliminating as nenrly as pnssible
al] the excess friction, the machine shall be re-
calibrated in the aforementioned way until the
machine does indicate correctly. The machine
shall be calibrated at a minimum of three
points, using accurately known weight assem-
blies covering the range of forces to be meas-
ured. The weight of the clamp and hook shall
be included as part of the calibration weight.
1* pawls or ratchets are used during test, they

" shall also be used during the calibration. Fric-

tion in the head may be checked by calibrating
with the pawls up.

FED. TEST METHOD STD. NO. 228
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TENSILE STRENGTH, INSULATION AJ\D SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mining the tensile strength ¢f insulation and
sheath compounds. It isapplicable to the usual
grades of rubber and thermoplastic compounds
used for insulation and sheaths.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-

" sulation or sheath taken from the inspection

unit as follows:

2.1.1 Dumbbell, Whenever it is practica-
ble to prepare it from the inspection unit, &
dumbbell-shaped specimen cut by one of the dies
shown in figure 3021 shall be used except for
varnished cambric insulation. When the size
of the piece of material to be tested wil] perinit,
the reduced portion of the specimen shall be
l4inch wide and either 1-5/16 or 2-5/16 inches
long.  If the piece of material to be tested is
narrow, a specimen with reduced portion 14 inch
wide may be used. When the size of the piece
permits, enlarged ends of the specimen shall be
1 inch wide. When the piece of material is
narrow, the enlarged ends of the specimen may
be 8% inch wide. The thickness of the specimen
shall not exceed 0.125 inch.

2.1.2 Straight specimen. A straight speci-
men in the form of a tube shall he used when it
is not practicable to prepare n dumbbell-shaped
specimen from the insulation or sheath of the
inspection unit.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1 A testing machine which meets the fol-
lowing requirements:

3.LL1 The machine shall be power-driven.

3.1.12 The applied tension shall be indi-
cated to within =1 percent by a dial, scale, or
automatic recorder when calibrated according
to method 3016,

3.1.1.3 The indicator shall remain at the
point of maximum force after rupture of the
specimen.

3.114 The rate of travel of the power-
actuated grip shall be 20=1 inch per minute
and shall be uniform at all times.

3.1.1.5 The machine, when used for a given
specimen, should be of such capacity that the

\maximum load required to break the specimen

is not greater than 85 nor less than 15 percent of
the rated capacity.

3.1.1.6 If the machine is equipped with a
dynamometer head of the compensating type for
convenience in eliminating calculations, the
head shall have means for making adjustments
for variation in thickness of specimens,

3.1.1.7 Grips,

31171 Daumbbdell specimen. When a
dumbbell specimen is used, the grips which hold
the specimen in the testing machine shall be of a
type which tightens automatically as the ap-
plied tension increases and exerts a uniform
pressure across the gripping surfaces so as to
avoid uneven slipping and to favor failure of
the specimen in its constricted section.

3.1.1.7.2 _Siraighi. When a straight speci-
men -is used, either wedged or toggle clamps
shall be used. The distance between the edges
of the clamps at the start of the test shall be
3=14 inch.

3.12 _Dies. Metal diesof the shape and con-
struction shown in figure 3021 and of the dimen-
sions shown in the nccompanying legend shall
be used for stamping or cutting of dumbbell
specimens. It is recommended that the reduced
ceetion of the die be equipped throughout its
entire length with a spacer to maintain a definite
distance between the cutting edges. The
spacers shall he held by at least two bolts
throngh the body of the die. The difference
hetween the minimum and maximum distance
between the cutting edges of the die in the re-
duced section shall not exceed 0.002 inch. The
inside faces in the reduced section shall be
polished and perpendicular to the plane formed
by the cutting edges for a depth of at least 0.25
inch. The angle between the inner and outer
faces at the cutting edge shall be not less than

FED. TEST METHOD STD. NO. 223
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Method 3021
Dimensions in inches for standard dies
Die
Dimension Toleranoce l
1 11 11t v \'4 vl Vil

A +%: 1 1 1 K % % %
B Maximum 1% 1% 14 1} 13 1% 1%
C Minimum 54 5% 44 4 ] 5 4%
D +%! 1% 1% 1% 1% 1% 1% 1Y%
D-F + Y% % "% % % X ¥ %
F £ M 1% 1% Y 1 14 1% A
G + % e e Yol Nel el Xa Me
H + X4 1 1 1 % % % %
L + Y% 2%« 244 144 1% 2% 2% 1¥e
w Sec figure 0. 500 0. 250 | 0.250 | 0.125] 0.125 0. 250 0. 250

1 For dics used in clicking machines, it is preferable that this tolerance be x4 Inch,

30¢ and not more than 25°. The outer face
shall extend at this angle from the cutting edge
for approximately 1g4 inch and then shall form
an angle hetween 18° and 22° with the inner
face. The dies shall be sharp and free from
nicks in order to prevent leaving ragged edges
on the specimen.

2121 Careful maintenance of dic-entting
edges is of extreme importance and may be ob-
tained by daily light honing and touching up
the cutting edges with jewcler’s hard Arkansas
honing stones. The condition of the die may
be judged by investigating the rupture point
on any series of broken specimens. When
broken specimens are rerioved from the grips
of the testing machine, it is sdvantageous to
pile these specitnens and note if there is any
tendency to brenk at or near the same portion of
each specimen. Rupture points consistently at
the same place may indicate that the die is
dull, nicked, or bent at that purticular position.

313 Curtting support. Rubber belting,
leather belting, light cardboard, or other ma-
terial with a smooth, slightly yielding surface
that will not injure the cutting edge of the die
during the cutting or stamping of the specimen.

4. PROCEDURE

4.1 Preparation of specimen.

4.1.1 [lluifng. If the pieco from which the
specimen is to be prepsred is too thick or has an

uneven surface that may interfere with the de-
termination of thickness, the piece or portion
of the piece shall be buffed as described in
method 3011, The specimen shall be permitted
to rest at least 30 minutes between buffing and
testing. Specimens shall be buffed in the strip
form before cutting with a die.

412 Dwbbell. Specimens of the required
shape and size shall be cut or stamped from
the piece of material with the required die. To
facilitate cutting, the edge of the die may be
lubrieated with water contuining & wetting
ngent and a corrosion inhibitor before each
specimen is cut. The cut edges shall be per-
pendicular to the other surfaces of the speci-
men, have a minimum of concavity, and be free
from ragged edges.

4.1.3 Struight specimen. A specimen of
proper length for clamping in the grips of the
testing machine shall be cut from the unit or
piece to be tested. The specimen shall be free
from nicks. If possible, the specimen should be
cut with a die or with o single stroke of the
cutting tool.

42 Cross-sectional area of specimen.

421 Dumbbell.

42.1.1 Thicknezs. The thickness of the
specimen shall be determined as described in
method 1124 except that three measurements

&shan be made, one at the center and one near

FED. TEST METHOD STD. NO. 228
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Method 3021

each end of the reduced section of the specimen.
If the specimen is narrower than the diameter
of the fout, measurements shall be inade with
the center of the micrometer foot coinciding
with the longitudinal center line of the speci-
men so that there will be an equal overlap of the
foot on each side. The median of the three
measurements shall be used as the thickness in
calculating the cross-sectional area of the speci-
men except that specimens for which the differ-
ence between maximum and minimuin thickness
exceeds 0.003 inch shall be discarded.

4.2.12 Width. The width of a specimen
shall be the distance, W in the legend for figure
3021, between the cutling edges of the die in the
reduced section.

42.13 The cross-sectional area of the speci-
men shall be caleulated by multiplying the
width of the specimen by the median thickness
of the specimen.

4.2.2 Streight.

4.2.2.1 ‘T'he weight of the spevunen in grams,
the fengtli of the specimen in centimeters, and
the density in grams per cubic centimeter shall
be determined.  The cross-sectional arca shall
then be calculated from these measnrements in
the following manner:

ninnaw

Cross-nectional area, square inchess= Ny

where:
Wanthe weight of the speclmen jo_air iu grams
D=tlhe dengity of the specimen in gruins per cuble
contimeter
I.=the length of the specimen 1o centinioters,
1.3 Determination of tensile strength,
43.1 The testing machine shall be culibrated
as deseribed in method 3016,
4.3.2 ‘The specimen shull be placed in the

FED. TEST METHOD STD. NO, 228

grips of the machine and adjusted symmetri-
cally in order that the tension will be distrib-
uted uniformly over the cross section. If the
tension is greater on one side of the specimen
than on the other, the maximum strepgth of the
specimen will not be developed. The force
shall be applied to the specimen at such a rate
that the power actuated grip will travel at a
uniform speed of 20=1 inch per minute. After
rupture of the specimen, the breaking force
shall be noted from the dial or scale or by means
of an antographic or spark recorder and the
value recorded.

5. RESULTS

5.1 Calculation. The tensile strength of
the specimen shall be calculated as follows:

Tensile strength, p. . 1.—!
where: [

I'=breaking force in pounds i R

C=cross-cectional aren of the unstretched specimen

in square Inches. 4.2.1.3 or 4.2.2.1.

32 Unless otherwise specificd in the detail
specification, three specimens from each inspec-
tion unit shall be tested except that under the
followine conditions five specimens shall be
tested :

3.2.1 U the tensile strength of one or more
specinicns does not mect the specified require-
ment for tensile strength in the detail speci-
{icution.

5.2.2. If referee tests are being made.

3.3  The tensile strength of the insulation or
gheath of the inspection unit shall be the me-
dian of the results obtained from the speciinens
tested.

5.4 The-tensile strength of the insulation or
sheath of the inspection unit shall be recorded
to the nearest 10 pounds per square inch.

/fr”
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Method 3031
April 14, 1967

ELONGATION, INSULATION AND SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mining the elongation of insulation and sheath
compounds at break. It is applicable to the
usual grades of rubber and thermoplastic com-
pounds used for insulation and sheath.

2. SPECIMEN

2.1 The specimen shall be as described in
method 3021.

3. APPARATUS

31 The apparatus shall be as follows:

31.1 7TAe apparatus described in method
s021. -

3.1.2 Bench marker having two parallel
knife vdges ground smooth and true and which
are between 0.002 and 0.0U3 inch in width at the
edge and bevelled at an angle of not more than

15° to the perpendicular. The distance be-
tween the centers of the knife edges shall be
1.000=0.003 inch or 2.000 inches = 0.003 inch
as required.

3.1.3 Stamp pad having a plane unyielding
sirface {hardwanad, plate glass, or plastic)
containing ink of (he desired color and quality
for marking the specimen. The ink shall have
no deteriorating effect on rubber or plastic
compounds, and shall be of contrasting color to
that of the specxmen

814 Mrasuring scale.or other device prad-
uated in 0.1 inch for indicating elong wion. |

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, the elongntion shall be derermined
on the snme specimen and at the same time as
the tensile strength.

4.2 Preparation of specimen. The rpeci-
men shall be prepared as described in method
an21. Two parallel bench marks shall be placed
svininetrically on the straight specimen nud on
the reduced scction of the dumbbell specimen
perpendicular to the Jongitudinal axis of the
specimen by means of the bench marker and
ink. The marks shall be not more than 0.010

inch wide. Care shall be taken not to injure
the specimen.

43 Determination of elongation. The
specimen shall be placed in the grips of the
testing machine and the force applied ns de-
scribed for tensile strength, method 3021. The
distance between the two bench marks on the
dumbbell or straight specimen shall be noted
continuously to the nearest 0.1 inch by means
of the scale or other device which shall be used
in such & manner as not to touch the specimen
or only very lightly touch it on the front or
bark. Two operators may be required to con-
duct this test. The distance betweon the bench
marks when the specimen ruptures together
with the original distance between the bench
marks shall be recorded.

5. RESULTS _

5.1 Calculation. The elongation of the
specimen shall be caleulated ns follows:

),_..
Eioncation, percentss ,_Gq x 100

where

Dm==the distance between the bench marks at the

oroment of mpture of the specimen, inchen

G==the distance between the bench marks on the

unairetched speciinen. inches

82 Unless otherwise specified in the detail
specification, three specimens from cach inspec-
tion unit shall be tested except that under the
following conditions five spec:mens shall be
tested :

5.21 If the elongution of ane or nure spwsei.
mens does not moet the specified requirement
for elongation in the detail specification.

522 If referre tests are being made,

33 The elongation of the insulution or
sheath of the inspection unit shall be the median
ol the results obtained frum e specinens
tested.

54 The elongation of the insulation or
shieath of the inspection wnit shall be recorded
to the nearvst 5 percent.

FED. TEST METHOD STD. NO. 228
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Method 3041

April 14, 1967

TENSILE STRESS, INSULATION AND SHEATH

1. SCOPE

1.1 This methond is intended for use in deter-
mining the tensile stress of insulation and
sheath compounds. It isapplicable to the usual
grades of rubber and thermoplastic compounds
used for insulation and sheaths.

2. SPECIMEN

2.1 The specimen shall be as described in
method 3021.

3. APPARATUS

3.1 The apparatus shall be as described in
methods 3021 and 3031.

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specificution, the tensile stress shall be deter-
mined on the saue specimen and at the same
time as the tensile strength and elongation.

42 The elongation in percent at which the
tensile stress is to be determined shall be as
specified in the detail specification.

4.3 Preparation of specimen. The speci-
men shall be prepared as described in methods
3021 and 3031.

44 Cross-sectional area. The cross-
sectional area of the specimen shall be deter-
mined as described 1n method 3021.

4.5 Determination of tensile stress. Tho
procedure for tensile stress shall be the same
as for tensile strength and elongation, methods
3021 and 3031, except thut the force in pounds

necessnry to stretch the specimen to the re-
quired elongation shall be recorded.

5. RESULTS

5.1 Calculation. The tensile stress of the
specimen shall be calculated as follows:

F
Tenalle atreses, p. 8. |.== i

where !

P=force in pounds required to stretch the speciren

to the renquired clongation

C=cross-sectional aren of the unstretched specimen

io squnre Inches (4.4)

52 Unless otherwise specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested except that under the
following conditions five specimens shall be
tested:

5.2.1 If the tensile stress of one or more
specimens does not meet the specified require-
ment for tensile stress in the detail specifica-
tion,

5.2.2 1If referee tests are being made.

5.3 The tensile stress of the insulation or
sheath of the inspection unit shall be the median
of the results obtuined from the specimens
tested.

5.4 The tensile stress of the insulation or
sheath of the inspection unit shall be recorded
to the nearest 10 pounds per square inch.

5.3 The elongution at which tensilo stress is
determined shall be recorded.

FED. TEST METHOD $TD. NO. 3B
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Method 3111
April 14, 1967

TEARING STRENGTH, SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mining the resistance to tear of sheath com-
pounds. It isapplicable to the usual grades of
rubber and thermoplastic compounds used for
sheaths.

2. SPECIMEN

21 The specimen shall be a piece of the
sheath taken from the inspection unit of the
shape and dimensions shown in figure 3111.
The thickness at the enlarged end of the speci-
men shall be not greater than 0.180 inch and
not less than 0.040 inch.

3. APPARATUS

31 Theapparatus shall be as follows:

3.1.1 Apparatusas described in method 3021,

3.1.2 Sharp razor blade for slitting the
specimen.

3plis with sbarp reser alang dotted line

Figoxe 8111

4. PROCEDURE

4.1 Preparation of specimen.

411 Buffing. If the piece from which the
specimen is to be prepared is too thick or has
an uneven surface that may interfere with the
determination of thickness, the piece or portion
of the piece shall be buffed as described in
method 3011.

4.12 The specimen shall be prepared by
means of a die described in method 8021. The
shape of the specimen shall be as described in
figure 3111, It ghall be cut with the grasin
running the long way of the specimen. To
facilitate cutting, the piece of material from
which the gpecimen is to be cut, and the edge
of the die may be lubricated with water con-
taining & wetting agent and a corrosion inhibi-
tor. The specimen shall be 2 inches long, the
reduced portion 3 inch wide, and the enlarged

portion 14 inch wide. Using a sharp blade, a
slit shall be cut along the center of the con-
stricted portion, extending to within 0.15 inch
of the end of the enlarged part of the specimen.
The slit shall be cut approximatcly 90° to the
flat surface of the specimen,

4.2 Measurement of specimen. The thick-
ness of the specimen shall be measured as de-
scribed in method 1124 before cutting the slit,
except that three measurements shall be made
at the enlarged end and not more than 0.25
inch from the end of the piece. The median
of the three measurements shall be recorded
for use in calculating the tearing strength.

43 Determination of tearing strength.
One end of the split portion of the specimen
shall be clamped in the upper grip and the other
end shall be clamnped in the lower grip of the
tensile machine. The force shall then be ap-
plied with a lower jaw speed of 20=1 inch per
minute. The maximum force in pounds regis-
tered on the dial recorder or scale shall be re-
corded in caleulating the tearing strength.

5. RESULTS

5.1 Caleculation. The tearing strength of
the specimen shall be calculated as follows:

Tearing strength, pounds per inch of thlcknm—‘;-.
where:

Fm=tearing force in pounds

Ta=thickness, inch

52 Unless otherwise specified in the detail
specification, five specimens from each inspec-
tion unit shall be tested except that under the
following conditions seven specimens ghall be
tested :

521 If the tearing strength of one or more
specimens does not meet the specified require-
ment for tearing strength in the detail speci-
fication.

5.22 If referee tests are being made.

53 The tearing strength of the sheath of the
inspection unit shall be the median of the re-
sults obtained from the speciinens tested.

5.4 The tearing strength of the sheath of the
inspection unit shall be recorded to the nearest
1 pound per inch of thickness.

FED. TEST METHOD STD. NO. 228
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Method 3161
April 14, 1967

TENSION SET, INSULATION AND SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mining the elongation remaining in rubber in-
sulation and sheath compounds after a speci-
muen has been held at & specified elongation for
a given period of time, then relieved of the force
and allowed to rest fora definite period of time.

2. SPECIMEN

21 The specimen shall be as described in
method 302L. :

3. APPARATUS

8.1 The apparatus shall be as follows:

811 Gripe as used in the testing machin
described in method 3021. :

3.12 Any satisfactory device for stretching
the specimen at a uniform speed and which will
hold it at a specified elongation for a definite
period of time. An apparatus that has been
found satisfactory is shown in figure 3161.

3.13 Stop watch or other suitable timing
device which will register the time in seconds
and minutes.

3.14 Meamring scale or other device grad-
uated in 0,01 inch for indicating the elongation
or set. A straight rod of a length equal to the
exact distance required between the bench marks
after stretching has been found suitable for
determining the required elongation.

i
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Flourc 3161, Apparatus for “set” test
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Method 3161

4. PROCEDURE

4.1 The clongation or distance between the
bench marks of the stretchied specimen shall
be as specified in the detail specification. If
no elongation is specificd, the specimen shall
be stretched an amount equal to three-fourths
of the ultimate clongation as determined by
method 3USL

4.2 Unless otherwise specified in the detail
specification, the specimen shall be held at the
specified elonguation for 2 minutes.

4.3 TUhnless otherwise specified in the detail
specification, the specimen shall be allowed to
rest for 2 minutes after release before the set
is measured.

4.4 Preparation of specimen. The speci-
mien shull be prepared as described in methods
3021 and 3031,

4.5 Determinalion of set. The specimen
shall be placed in the grips of the testing ap-
paratus in the same manner as deseribed in
method 3021, The grips shall be separated at
an approximately uniform rate of speed such
as to require ubout 15 seconds to reach the re-
quired elongation.

4.5.1  The specimen shall be held at the re-
quired elongation for the required time, then
relensed immediately without heing allowed
to snap back, and allowed to rest for the re-
quired time.

4.5.2 After the rest period, the distance be-
tween the bench marks shall be measured to
the nearest 0.01 inch,

453 In stretching the specimen it has been
found convenient to use & measured rod of a
length equal to the exact distance required be-

FED. TEST METHOD STD. NO. 228

tween the two bench marks on the stretched
specimen. Holding the rod beside the test
specimen while it is being stretched simplifies
the operation and reduces the chance of stretch:
ing the specimen more than the required
amount. A stop watch shall be used for re-
cording the time required for the various opera-
tions.

5. RESULTS :

5.1 Calculation. The tension set of the
specimen shall be calculated as follows:

Tension set, percent, -Iﬂgji‘x 100

twwhere:
J,=the distance hetween hench marks of the un-
stretched specimen, inches
L,=the distance between bench marks of the speci-

men at the end of the rest perjod

5.2 TUnless otherwise specified in,the detail
specification, three specimens from ea¢h inspec-
tion unit shall be tested except that under the
following conditions fve specimens shull be
tested : )

5.2.1 Ifthe tension sct of one or more speci-
mens does not mect the specified requirement
for tension set in the detail specification.

5.2.2 1f referce tests are being made.

3.3 The tension set of the insuiation or
sheath of the inspection unit shall be the
median of the results obtained from the speci-
inens tested.

5.4 The tension set of the insulation or
sheath of the inspection unit shall be recorded
to the nesrest one percent.

5.5 The elongation, time the specimen was
held at the specified elongation, and the rest
period shall be recorded:-

/20
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. Method 3171
April 14, 1967

TENSILE STRENGTH, VARNISHED CLOTH INSULATION

1. SCOPE

L1 This method is intended for use in deter-
mining the tensile strength of cloth tape in-
sulation. It is particularly applicable to
varnished cloth tape.

2. SPECIMEN

2.1 "Unless otherwise specified in the detail
specification, the specimen shall be a piece of
the varnished cloth at least 14 inches in length
and 1 inch wide, or full width if less than 1 inch,
taken from a single tape (layer) of the inspec-
‘tion unit.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1 A testing marhine which meets the fol-
lowing requirements:

3.1.1.1 The machine shall be power-driven.

3.1.1.2 The applied tension shall be indi-
cated by a dial, scale, or automatic recorder
to within =2 percent up to and including 50-
peund load and to within =1 percent for over
50 pounds.

- 3.1.13 The indicator shall remain at the
point of meximum force after rupture of the
specimen,

3.1.14 The rate of travel of the power-
actuated grip shall be 12+0.5 inches per minute
and shall be uniform at all times.

3.1.15 The machine, when used for a given
specimen, should be of such capacity that the
maximum load required to break the specimen
is not greator than 85 percent nor less than 15
percent of the rated capacity.

38.1.1.6 Grips. The face of each jaw of each
grip shall measure 1 inch by 2 or more inches,
the long dimension being perpendicular to the
direction of application of force. The jaws
shall have smooth, flat faces with edges slightly
rounded to prevent cutting of the specimen.

4. PROCEDURE

4.1 At least 14 inches of each tape (layer)
ghall be removed from the inspection unit. Un-
less otherwise specified in the detail specifica-
tion, 10 percent of the tapes but in no case less

than 5 tapes shall be drawn at random for test
from each inspection unit.

42 Unless otherwise specified in the detail
specification, the specimen shall be conditioned
for 46 hours at a temperature of 23°x1° C,
(78.5°=2° F.) and a relative humidity of
50=4 percent.

43 The thickness of the specimen shall be
determined as described in method 1051 and the
minimum value obtained recorded as 7.

44 The width of the specimen shall be
determined as described in method 1411 except
that measurements shall be made at 5 places
equally spaced along the length of the portion
of the specimen that is to be placed between the
grips of the testing machine, and the minimum
value recorded as W.

45 The ratio of the clearance between the
grips of the testing machine to the width of the
specimen shall be not lecs than 5 to 1 and not
more than 10 to 1 at the start of the test. The
specimen shall be placed in the machine with
the long dimension parallel to and the short
dimension perpendicular to the direction of the
applied force. The speed of the power-
actusted grip of the machine shall be 12 inches
=0.5 inch per minute. The machine shall be
set in motion and the force required to break
the specimen read fromn the dial scale, or re-
corder, and the value recorded as F.

4.6 If the specimen skips between the jaws,
breaks in or at the edges of the jaws, or if for
any reason attributable to faulty technique an
individual measurement falls markedly below
the specified minimum, such individual result
shall be disregarded and another specimen shall
be tested.

5. RESULTS

5.1 Calculation. The tensile strength of

the specimen shall be calculated as follows:
Tensile strength, p. 8. ., --i,-%-
where :

F==the breaking force of the specimen, pounds
T==the minimuin thinkness of the specimen, Inch
W=the minimum width of the specimen, inch

FED. TEST METHOD STD. NO. 228
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52 Unless otherwise specified in the detail
specification, two specimens from each tape se-
lected shall be.tested.

5.3 The tensile strength of the tape shall be
the average of the results obtained from the
gpecimens tested.

FED. TEST METHOD STD. NO. 228

5.4 The tensile strength of each tape tested
shall be recorded to the nearest 10 pounds per
square inch,

/22
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Method 3211
April 14, 1967

TENSILE STRENGTH AND ELONGATION, SOFT
OR ANNEALED CONDUCTORS

1. SCOPE

L1 This method is intended for use in deter-
mining the tensile strength and elongation of
soft or annealed solid copper conductors or
wires of stranded conductors of insulated wire
and cable. It is applicable to both coated and
uncoated conductors.

2. SPECIMEN

2.1 The specimen shall be the bare conduc-
tor or a wire from a stranded conductor re:
moved from a piece of the inspection unit at
least 20 inches in length.
~ 3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1 Teeting machine. The testing ma-
chine shall meet the following requirements:

3.11.1 The machine shall be power-driven.

3.1.12 The applied tension shall be indi-
cated by a dial, scale, or automatic recorder to
within =1 yercem when pTGl)Ll'A) calibrated.

3.1.13 The indieator shall remnin at the
point of maximum force after rupture of the
specimen. A spring-balanced type of machine
is satisfactory if equipped to prevent recoil
of the spring.

3.1.14 The rate of travel of the power-
actuated grip shall be 10=2 inches per minute
under no load and shall be uniform.

31.1.5 The machine, when used for a given
specimen, should be of such capacity that the
maxinum load required to break the specimen
is not greater than 85 percent nor less than 15
percent of the rated capacity.

3.1.1.6 The machine shall accommodate
specimens of 10-inch bench length.

3.1.1.7 G@rips. The grips of the machine
shall be designed ro produce as nearly ns pos-
sible uniformly distributed pure axial tension
in the specimen. Grips shall be spool-type for
specimens less than 0.208 inch in diameter, and
wedge-type for specimmens 0.208 inch and larger
in diameter.

3.12 Steel scale graduated to 14, inch or
finer, or its decimal equivalent.

4. PROCEDURE

41 Two parallel bench marks 1014, inch
apart shall be placed on the specimen without
damage to the copper.

4.2 The diameter of the wire shall be meas-
ured as described in method 1421. Measure-

" ments shall be made at nine places equally dis-

tributed between the bench marks, and the min-
imum value recorded as D.

43 The specimen shall be placed in the test-
ing machine so that the bench marks are be-
tween the spools but not in contact with the
surface of the spools when spool grips are used.
When using the usual wedge-type grip there
shall be n distance of at least 1 inch between
each bench mark and the adjacent grip. The
speed of the power-actuated grip shall be
102:2 inches per minute under no load.

4.4 After rupture of the specimen the Lreak-
ing force shall be read from the dial recorder,
or scale to the nearest pound and the value re-
corded as F. If the specimen breaks outside
the bench marks or within 1 inch of either
bench mark, the results shall be discarded and
ndditional specimens tested until Lreaks are
obtained within the prescribed portion.

4.5 The broken specimen shall be immedi-
ately Iaid on & smooth surface, the ruptured
arens fitted together rs closely as possible with
the two portions placed on a straight line, and
the distance between the bench marks measured
to the nearest 14, inch. The length shall be
recorded as L.

5. RESULTS

5.1 Calculation.

5.1.1 The tensile strength of the specimen
shall be calculated as fo“OWS'

Tenslle strength, p. 8. .o ——; (D)a

where :
F=the breaking force of the specimen, 1a pounids
D=minimum diamneter of the epecimen. inch

FED. TEST METHOD STD. NO. 228
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5.12 The elongation of the specimen shall
be retrulated as follows:

Elongation, parcents L:ﬁlﬂ X100

whers:
Lamsthe distance between Bench marks on the specl-
men immediately after rupture, inches
32 Unless otherwise specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested.

FED. TEST METHOD $TD. NO. 228

8.3 The tensile strength or elongation of the
conductor or wire of the inspection unit shall
be the average of the results obtained from the
specimens tested.

5.4 The tensile strength of the conductor or
wire of the inspection unit shall be recorded to
the nearest 10 pounds per square inch.

5.5 The elongation of the conductor or wire
of the inspection unit shall be recorded to the

, nearest 0.5 percent.

,2/
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TENSILE STRENGTH AND ELONGATION, MEDIUM HARD-DhAWN
OR HARD-DRAWN CONDUCTORS

1. SCOPE

1.1 This method is intended for use in deter-
mining the tensile strength and elongation of
medium hard-drawn and hard-drawn solid
copper or copper alloy conductors or wires of
stranded conductors of insulated wire and ca-
ble. 1t is applicable to both coated and un-
coated conductors and wires,

2. SPECIMEN

21 When the diameter of the conductor is
over 0.208 inch, the specimen shall be a
20-inch Jength of the copper conductor or wire
from the stranded conductor taken from the
inspection unit. When the diameter of the con-
ductor is 0.208 inch and less, the specimen shall
be approximately 80 inches in length taken
from the inspection unit. For elongation tests
the specimens shall be free from joints.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1.1. Testing machine as described in
method 8211 except that the testing machine
shall be equipped with the wedge-type gripe,
and the power-actuated grip shall be adjusted
to move at the rate of 2= 14 inch per minute.

3.12. Steel scale graduated to 14, inch or
finer, or its decimal equivalent.

4. PROCEDURE

4.1 The general procedure shall be as
described in method 3211, except that the power-
actuated grip shall move at the rate of 2x14
inch per minute.

42 Elongation of wire with nomina] diam-
eter of 0.208 inch or larger shall be determined
88 the permanent increase in length, due to the
breaking of the wire in teasion, measured be-
tween bench marks placed 103, inch apart
on the specimen as described in method 8211.

4.3 The elongation of wire with diameter
less than 0.208 inch shall be determined by
measurement made between the grips of the
testing machine. The zero Jength shall be the

distance between the grips when a force equal
to 10 percent of the specified tensile strength
shall have been applied and the final length
shall be the distance between the grips at the
time of rupture. The zero length shall be as
near 80 inches as practicable. The fracture
shall be between bench marks in the case of
specimens so marked and between the grips of
the testing machine when specimens approxi-
mately 60 inches in length are involved, and not
closer than 1 inch to either the bench mark
or either grip of the machine.

5. RESULTS

5.1 Calculation. )

3.1.1 The tensile strength of the specimen
shall be calculated as follows:

Tensile strength, p. 5. L= ﬁg—);

where :
Fathe mayimnm force required to bresk the speci-
mes, pounds.
Dexthe minimum diameter of wire, inch.

512 Theelongation of the specimen shall be
calculated as follows: :
For wire 0.208 inch diameter or greater:

L-10
_ Elongstion, percent = <o X100

where:
Lw=the distance between bench marks on the speci-
men immediately after rupture, inches

For wire less than 0.208 inch in diameter:

Elongation, percentss L';L'

X100

where:

Li=wthe distance between grips of the testing machine

at the time of rupture of specimen, inches.

Lem=the distance between grips of the testing ma-

chine when the specimen is under a stress
equal to 10 percent of the specified tensile
strength, inches.

82 Unless otherwise specified in the detail
specification, three specimens from each inspec-
tion unit shall be tested.

53 The tensile strength or elongation of the

conductor or wire of the inspection unit shall be

FED. TEST METHOD STD. NO. 228



Downloaded from https://www.everyspec.com

Method 3212

the average of the results obtained from the
specimens tested

54 The tensile strength of the conauctor or
wire of the inspection unit shall be recorded to
the nearest 10 pounds per square inch.

FED. TEST METHOD $TO. NO. 228

55 The elongsation of the conductor or wire
of the inspection unit shall be recorded to the
nearest 0.05 percent for 10-inch specimens and
to the nearest 0.01 percent for 60-inch
specimens. :
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RESISTANCE TO HEAT, OXYGEN, AIR, LIGHT, AND OZONE;
GENERAL

1. SCOPE

1.1 This group of tests is intended for use
in determining the relative resistance of rubber
and rubber-like insulating and jacket com-
pounds to deterioration influenced by heat, air,
light, oxygen, and ozone. These tests consist
of exposing specimens from rubber and rubber-
like compounds, having previously determined
physical characteristics, to controlled dete-
riorating influences for a specified period of
time after which time the same physical
characteristics of the compound are agsin
measured. Changes in tensile strength and
elongation are most commonly used to indicate
the degree of deterioration and, unless otherwise
specified in the. detail specification, these tests
shall be used.

12 The results obtained from tests in this
group are comparative on'y and should be
evaluated against the performance of insula-
tion and jacket compounds of known natural
and accelerated aging characteristics. The re-
sults of accelerated tests should not be used
alone to predict or estimate the natural life of
these materials.

2. SPECIMEN

21 The specimen shall be as described in the

“method of test used for determining the speci-

fied characteristics of the compound before and
after aging. If tensile strength and elongation
are used to measure the deterioration, the gpeci-
men shall be as described in methods 3021 and
3031, respectively.

211 The physical characteristic of the in-
sulating and jacket compound shall be deter-
mined as described in the required method of
test. Specimens shall then be exposed to the
conditions specified in the detail specification,
the same characteristic again determined and
the change in the characteristics calculated. It
it 13 not necessary to destroy the specimen in
determining the initial characteristic of the
compound, the same specimen shall be exposed.

212 If changes in tensile strength and
elongation are used as a measure of deteriora-
tion, these characteristics of the compound shall
be determined as described in methods 3021 and
3031 respectively. Additional specimens shall
be prepared, measured, end exposed to the con-
ditions specified in the detail specification. The
tensile strength and elongation of the exposed
specimens shall then be determined as described
in methods 3021 and 3031 respectively, and the
change calculated. Unless otherwise specified
in the detail specification, the tensile strength
after aging shall be based on the cross-sec-
tional area of the unaged specimen.

213 Unless otherwise specified iu the detail
specification, bench marks for determining
elongation of aged specimens shall be placed on
the specimen after aging.

214 If buffing of the specimen is necessary,
it shall be done before exposure.

3. PRECAUTIONS

3.1 The following precautions shall be ob-
served in conducting accelerated aging tests:

311 The contents of the oven, bomb, or
other container in which the specimens are ex-
posed shall be restricted to specimens known to
be of the same composition.

3.1.2 The temperature shall be measured by
means of a thermometer or thermo-couple
mounted so as to indicate the temperature of the
specimen. However, if the container is com-
pletely surrounded by steam or by a liquid bath
maintained within the specified temperature
range, the temperature of the specimen shall be
considered to be the same as that of the bath.

3.1.3 Radiation shields shall be placed be-
tween the specimen and any portions of the
walls of the container not maintained within
the specified temperature limits.

3.1.4 Provisions shall be made for suspend-
ing the specimens vertically without touching
each other or the sides of the chamber.

FED. TEST METHOU STD. NO. 228
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3.1.5 Automatic temperature controls shall
be used and s recording thermometer employed
to record the temperature.

3.1.6 The test chamber shall be preheated
to the exposure temperature before the speci-
men is placed in it. If the temperature within
the container changes while the specimen is be-
ing ploaged in it, the container and contents
shall reach the specified temperature within 16
minutes after the specimen has been placed in
the chamber.

3.1.7 The exposure period shall start at the
time the specimen is placed in the chamber.
At the end of the exposure period, the specimen
shall be removed from the chamber and per-
mitted to rest at room temperature for not less
than 16 nor more than 98 hours before deter-
mining its properties.

3.1.8 The material used for marking bench
lines or other markings on the specimen shall
not be detrimental to the rubber compound.

3.1.9 Copper or brass parts shall not be ex-
posed to the stmosphere used in the aging
chamber.

31.10 If s liqui? ! _ating medium is used,
the liquid or its vapors shall not come in contact
with the specimen.

4. CONDITIONS OF EXPOSURE

4.1 The conditions of exposure shall be as
described in the detail specification. Many
combinations of temperature, pressure, and
time of exposure may be used. As an aid to-
wards standardization, it is recommended that
the temperature and pressure specified in the
detail specifications ba selected from the follow-
ing suggested conditions. In general, the con-
ditions solected should be such that the deteri-
oration will not be so great as to prevent the
determinntion of the final physical properties
unless the aging characteristics of the com-
pound are known to be poor.

4.2 1In the oxygen pressure test the increase
in temperature from 70° to 80° C. would be
expected to approxiately double the rate of
oxidation of the rubber or other oxidizable
material.

TabLe I. Suqgested test conditions

Minimum volume
Tempers~ of aging chamber
Test Medium JOTy | Presum.pel | e
1* C. orxidizsble ma-
terials, miililiters
Oxygen pressure Oxygen 70 | 290 o 310 10
Modified oxygen pressure Do. 80 | 48 to 52 10
Do. Do. 80 | 290 o 310 10
Alr pressure Alr 127 | 78 © 82 100
Air oven Alr circulated by oconvection 70 | Atmospheris 10
20 as to change at lesst
once per hour.
Do. Do. 90 Do. 10
De. Do. 100 Do. 10
Do. Do. 121 Do. 10
Do. Do. 149 Do. 10
Test tube Alr cireulated by convection 1121 to Do.
149

) As spacified in the detail specification or test method.

FED. TEST METHOU $70. NO. 228
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OXYGEN PRESSURE TEST, INSULATION AND SHEATH

1. SCOPE

- L1 This method is intended for wse in det.cr :

mining the effect of elevated temperature and
oxygen under pressure on rubber and rubber-
hkomulltwnmdlhuthlofmnﬂaudwm
and cable.

2 SPECIMEN

21 The specimen shall be as described in
methods 3021 and 3031 or other method of test
required for determining the mount of de-
terioration, 4.2,

3. APPARATUS A

3.1 The apparstus shall be as follows:

311 An oxrvoen-pressura shamber consist-
ing of a metal vessel designed to maintain an
internal atmosphere of oxygen under uniformly
controlled pressure and temperature as re-
quired in 4.1. The size of the chamber shall
be such that specimens may be suspended verti-
cally therein without undue crowding and with-
out touching each cther or the sides of the
chamber. Provisions shall be made for rapid
opening and closing of the apparatus for in-
troduction and remova} of the specimen. Two

suitable designs are shown in figures 4011A

and ¢011B..
3.12 A nreasure aage attached to the cham-
ber for registering the pressure.

313 A safety ealve, attached to the aging

chamber, set to release at approximately. 500
pounds per squars inch pressure.

314 A source of heat which is optional
shall be located outside of the aging chamber
proper.

315 The heating medium is optional but s
liquid medium is preferred because of more
rapid heat transfer.

Caution. Special safety precautions are
necessary if oil or other combustible organic
fluids are used as the heating medium because
of danger of fire or explosion. When the de-
dsign shown in figure 4011A is used, the entire
chamber shall be immersed in the heating
medium. If air is used, the following special

pnaunom ‘ahall be uken in order that accu-
rata, uniform heating is obtained in all parts
of the aging chamber: (1) The heated air shall
be thoroughly circulated around the vessel by
means of mechanical agitation, (2) baffies shall
be used as required to prevent local overheat-
ing and dead spots, and (3) the preferred loca-
tion of the tempersture control shall be adja-
cent to the recording thermometer.

816 A thermo-regulator for automatic tem-
perature control of the heating medium.

317 A woording thermometer shall be
loandmt.nofunmgmedmmtoneordthe
actmal temperature during the test. “Prefer-
ably the thermometer bulb should be close to the
pressure chamber but not touching it. If air
is used ns the beating medium. an nctual check
of the temperature shall be made by means of
maximum reading thermometers placed in var-
ious parts of the oven housing to verify the
uniformity of heating.

318 LEquipment for complete circulation of
the henting medium.

319 A source of oxygen under pmure

4. PROCEDURE

4.1 TUnless otherwise specified in the detail
specification, the test shall be earried out at u
temperature of 70°=1° C. (158°=2° F.) and
sn oxygen pressure of 300=10 pounds per
square inch for a period of 94 hours=1% hour.

42 Unless otherwise specified in the detail
specification, tensile strength and elongation
tests, methods 3021 and 3031 respectively, shall -
be used to determine the deterioration of the
insulation or sheath due to aging.

43 After adjusting the aging chamber to
the required temperature, the specimen shall be
suspended vertically in the chamber which
shall be closed immediately and the oxygen
pressure applied. At least 10 milliliters of
capacity shall be available for each pram of
oxidiznble material. The exposure period ghall
start at the time the specimen is placed in the
chamber and shall continue for the required

FED. TEST NETHOD $TD. NO. 228
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. time under the required conditions without
- opening the vessel.
44 At the end of the exposure period, the
pressure in the aging chamber shall be released
at a slow and uniform rate, requiring at least
b minutes for a complete release of the pressure.
This procedure is necessary to avoid possible
formation of porosity in the specimen. The
specimen shall be removed from the aging
chaniber iminediately after the release of the
pressure and then set aside on a flat surface to
rest for nut less than 16 hours and not more
* than 96 hours at room temperature before tests
are made.

45 At the end of the rest period. unless
otherwise specifiml in the detail specifiention,
4.2, tensile strength and elongnation shall be de-
termined on the aged specimen as deacribed in
methods 3021 and 3031, respoctively. 1f other
praperties are required, the specimen shall be
tested as described in the specified nethod.

The same test shall be conducted on aged and

unaged specimens for the purpose of compari-
son in determining the degroe of deterioration
of the aged mnterials.

46 Adequnate safety precautions shall he
taken wheu beating oxidizable organic mate-

FED. TEST METHOD STD. NO. 228

rials in oxygen under pressure since the rate of
mchonmyheewunrynp:dmmoan,
particularly if & large surface ares is exposed
and ‘very -high pressures may davelop. Care
gha)l be taken to avoid the introduction of
or oil into the chamber.

8. RESULTS ~

81 Calculation. The dnnp in tensile
strength, elongution, or other charscteristic of
the insulation or sheath of the inspection unit

due to aging, shall be calculsted as follows:
Change in charactariatic, m’-‘-‘-"—'— %100
whare:
Omsthe value ehtained ou the smaged insulation or
sbeath of the juspection unit
Ewthe valve ohtained on the aged insuiaticn or
abeath of tbe inspection unit

52 TUnless otherwise specified in the dd.nl
specification, the number of specimens bested
from each inspection unit shall be as mqmnd

“in the mothod of test, 4.2, used for detsrmining

the deterioration of the insulation or sheath.
53 The change in the characteristic of the
insulntion or sheath of the inspection ynit shall
be recorded to the nearest one percent.
5.4 The temperature, premure, and time of
exposure used shall be recorded.
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AIR PRESSURE TEST, INSULATION.  AND SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
niinhug the effect of elevated temperuture and
air pressure on rubber and rubber-like insula-
tion and sheaths of insuluted wire and cable.
This test is not recommended for compounds
that have not been specifically designed to
withstand elevated tanperstures in service.
The test is sensitive to smmall temperature varis-
tions.

2 SPECIMEN

21 The specimen shall be as described in

" methods 8021 and 8031 or other method of test

required for determining the amount of deteri-
oration, 4.2.

3. APPARATUS

3.1 The apparatus shall be as follows:

.11 An air-preasure chamber consisting of
8 metal vessel designed to maintain &n internal
atmosphere of air under uniformly controlled
pressure and temperature as required in 4.1,
The size of the chainber shall be such that the
specimens may be suspended vertically therein
without undue crowding and without touching

‘each other or the sides of the chamber. Provi-

sions shall be made for rapid opening and cloe-
ing of the apparatus for introduction and re-
mova) of specimens. Two suitable designs are
shown in figures 4011A and 4011B.

312 A pressure ongs attached to aging
chamber for registering the pressure.

3813 A safcty rnlve, attached to chamber,
set for release at approximstely 200 pounds per
square inch pressure.

314 A aovree of Acat which is optional
shall be Jocated outside of the aging chamber
proper. '

315 TAes Aeating medium is optional but s
liquid medium is preferred because of more
rapid heat transfer.

Caution. Special safety precautions sre
necessary if oil or other combustible orgunic
fluids are used zs the heating medium because of
danger of fire or explosion. ¥When the design

shown in figure 4011A is used, the entire cham-
ber shall be iminersed in the heating medium.
If air is used, the following xpecial precautions
shall be taken in order that accurate, uniform
heating is obtained in all parts of the aging
chamber: (1) The heated air shall bo thor-
oughly circulated around the vessel by meuns of
mechanical agitation, (£) baffies shall be used
as _required to prevent local overlieating and
dead spots, and (8) the preferred location of
the temuperature control shall be adjacent to the
recording thermometer.

318 A thermo-regulotor for automatic
temperature contrul of the heating inedium.

317 A verording thermometer shall be
Jocated in the heating medium to record the
nctual temperature during the test. Preferably
the thermometer bulb should be close to the
pressure chamber but not touching it. If air

“is used as the heating medium, an actual check

of tempernture shall be niade by means of inaxi-
mum reading thermometers placed in various
parts of the oven housing (o verify the uni-
formity of heating.

3.18 Equipment for positive, rapid, and
complete circulation of heating medium.

319 A source of compressed air (free from
oily, dirt, moisture, ete.).

4. PROCEDURE
- «&1 Y uless otherwise specified in the detail
specification, the test shall be carried out at »
temperature of 127°=1° C. (201°=2° F.), and
an air pressure of 80=2 pounds per square inch
for a period of 20 hours= 3 Lour.

42 Unless otherwise specified in the detail
specification, tensile strength and elongation
testa, methods 8021 and 3031, respectively, shall
be used to determine the deterioration of the
insulation or sheath due to aging.

- 43 -After adjusting the aging chamber to

"«the required sempersture, the specimen shall he

suspended vertically in the chamber which shall
be closed immediately and air pressure applied.
At least 100 milliliters of capacity shall be

i FED. TEST METHOD STD. NO. 228



Downloaded from https://www.everyspec.com

Method 4021

available in the chamber for each gram of ozi-
dizable material. The ==, usure period shall
m:tthoﬁmntbomwuplundinth
chamber and shall ccntinue for the required
time under the required conditions without
opening the vessel.

- . —— —
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Frevaz 4011A.

44 At the end of th:e exposure period, the
pressure in the aging chamber shall be reléased
at & slow and uniform rate, requiring at least
4 minutes for a complete reléase of the pressure.
This procedure is necessary to avoid pomsible
icrration of porosity in the specimsn. The
specimen shall be removed from the aging
chamber immedistely after the release of the
pressure and then set aside on s flat surface to
rest for not less than 16 hours and not more
than 96 hours at room temperature before tests
are made.

45 At the end of the rest period, unless
otherwise specified in the detail specification,
tensile strength and elongation shall be deter-
mined on the aged specimen as described in
methods 3021 and 3031 respectively. If other

_properties are required the specimen shall be

FED. TEST METHOD $TD. NO. 228

tasted as described in the specified method. The
mhdtbsﬂboemdndodonnpdmdnmpd
specimans for the purposs of comparison in
determining the degres of deterioration of the
sged material

48 Adequate safety precautions shall be

taken whan heating oxidizable organic mate-
~ rials in air under slevated temperature aml

pressure sincs the rate of oxidation may become
very rapid in some cases, particularly if a large
surface ares is exposed, and very high pressures
may develop. - Care shall be taken to avoid
introduction of greass or oil into the chamber.

LEAD OR OTRER SOTSS

Fawsvan ¢011B. Lead or sther satisfactory ring gasket.

5. RESULTS

5.1 Cslculation. The change in tensile
strength, slongation, or other characteristic of
the insulation or sheath of the inspection unit
due to aging shall be calculated as follows:
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Change in characteristic, percent= PT’!-'x 100
where:
O==the value obtained on the unaged insulation or
sheath of the inspection units
B=the value obtalned on the aged insulation or
sheath of the inspection unite

5.2 Unless otherwise specified in the detail
specification, the number of specimens testad

Ve ol

iz’

Method 4021

from each inspection unit shall be as required in
the method of test 4.2 used for determining the
deterioration of the insulation or sheath. -

53 The change in the characteristic of the
insulation or sheath of the inspection unit shall
be recorded to the nearest one percent.

5.4 The temperature, pressure, and time of
exposure used shall be recorded.

FED, TEST METHOD STD. NO. 228
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AIR OVEN TEST, INSULATION AND SHEATH

1. SCOPE

1.1 This method is intended for use in deter- -

mining the effect of elevated temperatures and
air at normal atmospheric pressure on rubber
and rubber-like insulation and sheaths of insu-
lated wire and cable.

2. SPECIMEN

21 The specimen shall be as described in
methods 3021 and 3031 or other method of test
required for determining the amount of de-
terioration, 42.

3. APPARATUS

3.1 The spparstus shall be as follows:

311 The equipment listed in 82 may be
used where sir is employed as the heating me-
dium. Apparatusin 8.3 may be nsed where the
heating medium consists of a liquid bath.

32 Air asa beating medium.

821 A circulating air oven with provisions
for suspending specimens without crowding and
without touching each other or the sides of the
oven. The volume should be not less than
12 x12 x 12 inchesand not more than 86 x 36 x 48
inches.

322 A source of Aeat, which is optional,
shall be located outzide of the aging chamber
proper.

323 A tAermo-regulator for sutomatic tem-
perature control of the heating medium.

324 Equipment for complete oirmulation
of the heating medium so as to keep the tem-
perature of the air throughout the oven within
=1° C. (2° F.). The following precautions
shall be taken: (¢) 1f a motor-driven fan is used,
the air in the oven shall not come in contact
with the fan motor-brush discharge becaunse of
danger of ozone formation, (3) baffies shall be
used as required to prevent local overheating
and dead spots, and (c) the thermostatic con-
trol shall be 80 Jocated as to give accurate tem-
perature control of the heating medium. The
preferred location is adjacent to the recording
thermometer.

325 Recording thermometers located in the

heating medium to record the actual aging tem-
perature in. various parts of the oven.

83 Liquid as & heating medium.

331 Apparatus employing g liquid Aeating
medium consisting of several small aging con-
tainers submerged in a thermostatically-con-
trolled liquid bath. The equipment shown in
figure 4031 has been found suitable for the
purpose.

832 A section of the bath showing one
aging container is shown in figure 4031. The

TEEF
e ———o
1S Sriagnp Ey

Jioone 4081

ocontainer consists of & nickel-plated brass cyl-
inder 414 inches in diameter and 834 inches high
with a cover which rests on a flange inside the
cylinder about £ inches from the top. The space
above the cover is filled with thermal insulating
material. Circulation of air is by convection
through a 1;-inch inside dismeter tube mounted
in the meta] cover. One of the tubes extends to
within about 34 inch of the bottom of the con-
tainer and the other one extends about 8 inches
above the cover. The latter tube is insulated
with cork

8338 A water or other liquid dath capable
of holding several submerged specimen con-

FED. TEST METHOD STD. NO. 228
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tainers and equipped with an automatic thermo-
static control and means for obtaining & uni-
form temperature in all parts of the bath. The
temperature of the gir at the specimen will be
approximately 0.5¢ C. (1° F.) below that of
the liquid bath. The bath is equipped with a
cover containing about 1 inch of thermal in-
sulsting material. Several aging containers are
fitted into the bath with the top being flush with
the cover of the bath.

334 Meara for suspending the apecimens
vertically in the aging container without touch-
ing each other or the sides of the container.
This can be accomplished by fastening hooks to
the underside of the cover.

4. PROCEDURE _ :

4.1 Unless otherwise specified in the dstail
specification, the test shall be carried out at s

temperature of 70°=1° C (158°=2° F.) for a

period of 166 hours=1 hour.

42 Unless otherwise specified in the detail
specification, tensile strength and elongation
tests, methods 3021 and 3031 respectively, shall
be used to determine the deterioration of the in-
sulation or sheath due to aging.

43 After adjusting the aging container to
the required temperuture, the specimen shail be
suspended vertically and the container closed
immediately. At least 10 milliliters of capacity
shall be available in the container for each gram
of oxidizable material. The exposure period
shall start at the time the specimen is placed in
the eging contsiner and shall continuc for the
required time under the required conditions
without opening the container.

44 At the end of the exposure period, the
specimen shall be removed from the aging oon-

FED. TEST METHOD $TD. NO. 228
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tainer and set aside on a flat surface to rest for
not less than 168 hours and not more thawn &
hours at room temperature, bsfore tests are con-
ducted.

45 At the end of the rest period, unless
otherwise specified in the detail specification,
tansile strength and elongation shall be datar-
miped on the aged specimen as described in
methods 3021 and 3031. If other properties are
required the specimen shall be tested as de-
scribed in the specified method. The sams test
shall be conducted on aged and unaged speci-
mens for the purpose of comparison in deter-
mining the degree of deterioration of the ajed
materisl

8. RESULTS

8.1 Caleulation. The changs in tansils
strength, elongation or other eharacteristic of
the insulation or sheath of the inspection unit
due to aging shall be caleulated as follows:

=

Change In mncuﬂnu:. percentes =5= X100 -

where : .
O==the value obtained on the umaged insulation or
sbeath of the jnspection wonit
E=the valve obtained on the aged imsulation or
sbeath «f the imspectivnd pait

82 TUnless otherwise specified in the detail
specification, the number of specimens tested
from each inspection unit shall be as required in
the method of test, 4.2, used for determining the
deterioration of the insulation or sheath.

53 The change in the characteristic of the
insulation or sheath of the inspection unit ahall
be recorded to the nesrest 1 percent.

54 The temperature and time of axposurs
used shall be recorael.
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Method 4041
April 14, 1967

TEST TUBE HEAT-AGING, INSULATION AND SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mining the effect of high temperatures and &
controlled circulation of air on rubber and rub-
ber-like insulation and sheaths of insulated wire
and cable. The selection of suitable periods of
aging depend upon the rate of deterioration of
the particular compound being tested. Tem-
peratures that have been used vary from 120° C.
to 148° C. (250° to 300° F.). Exposure periods
frequently used are 10, 20, 40, 70, and 166 hours.
In any case the conditions selected should be
such that the deterioration will not be so great
a8 to prevent the determination of the final
physical properties.

2. SPECIMEN

2.1 The specimen shall be as described in
methods 3021 and 3031 or other method of test
required for determining the amount of dete-
rioration, 4.2.

3. APPARATUS

3.1 The apparntus shall be us follows:

3Ll An aluminum or glass test tube 38
for holding the specimens. The test tube shall
be provided with a cork stopper fitted with two
glass tubes 9=0.6 millimeters in outside diam-
eter and a wall thickness of 1.0 millimeter. The
inlet tube shall extend 415 inches above the top
of the stopper and to within 14 inch of the
bottom of the test tube. The outlet tube shill
extend 12 inches above the top of the stopper
and the lower opening of the tube shall extend
134 inches below the bottom surface of the
stopper.

3.12 Provisions for vertically suspending
the specimens as near the bottom of the test tube
as possible without touching each other or the
sides or bottom of the tube.

3.13 A liguid dath or other apparatus as an
ajuminum block equipped with thermostatic
control which will control the temperature
within =1° C. (2° F.) of the required tem-

perature.

3.1.4 Equipment for rapid circulation of the
liquid heating medium if used so as to keep the
temperature throughout the liquid within =1°
C. (2° F.).

3.15 Recording thermometers to record the
temperature in various parts of the heating me-
dinm during the test.

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, the test shall be carried out at a
temperature of 120°x1° C. (248°=2° F.) for
a period of 20 hours=1; hour. '

12 Unless otherwise specified in the detail
specification, tensile strength and elongation
tests, methods 3021 and 3031, respectively, shall
be used to determine the deterioration of the in-
sulation or sheath, due to aging.

43 After the temperature of the heating
medium has been adjusted, the test tube con-
taining the specimen shall be placed in the
medium so that the lip of the tube does not ex-
tend more than 2 iuches above the surface of the
medium. Not more than three specimens shall
be placed in one test tube and all specimens-in
one tube shall be from a single compound. The
exposure period shall start at the time the test
tube, containing the specimen, is placed in the
heating medium and shall continue for the re-
quired time under the required conditions with-
out opening or removing the tube.

4.4 At the end of the exposure period the
specimen shall be removed from the tube and
set aside on a flat surface to rest for not less than
16 hours and not more than 58 hours at room
temperature before tests are conducted.

45 At the end of the rest period, unless
otherwise specified in the detail specification,
tensile strength and elongation shall be deter-
mined of the aged specimen as described in
methods 3021 and 3031. If other properties
are required, the specimen shall be tested as
described in the specified method. The same
test shail be conducted on aged and unaged
specimens for the purpose of comparison in

FED. TEST METHOD STD. NO. 228
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estimating the degree of deterioration of the
aged material.

5. RESULTS

5.1 Calculation. The change in tensile
strength, elongation or other characteristic of
the insulation or sheath of the inspection unit
due to aging shall be calculated as follows:

O—E

Change in characteristic, percentes x 100

where
O==the value obtaibed on the upaged insulation or
sheath of the inspection unit,

FED. TEST METHOO STD. NO. 228

B=the value obtained on tbe aged insulation or
sheath of the inspection unit

52 Unless otherwise specified in the detail
specification, the number of specimens tested
from each inspection unit shall be as required
in the method of test, 4.2 used for determining
the deterioration of the insulation or sheath.

5.3 The change in the characteristic of the
insulation or sheath of the inspection unit shall
be recorded to the nearest one percent.

54 The temperature and time of exposure
used shall be recorded.
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RESISTANCE TO OZONE, INSULATION AND SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mining the resistance of rubber and rubber-like
insulation and sheaths to ozone attack which
may be encountered in connection with the op-
eration of high-voltage cable.

2. SPECIMEN

2.1 Each specimen shall consist of a piece of
the insulation or sheath from the inspection
unit tuken at least 5 feet from the end of the coil
or reel of wire or cable. The length of the
specimen necessary for test will depend on the
diameter of the wire or cable. The specimen
shall not include any tapes or cuter coverings
except when a tape or sheath has been applied
directly over the insulation prior to and left in
place during vulcanization.

2.2 When the over-all diameter of the wire
or cable is less than 1 inch, the specimen shall
be bent at room temperature through an angle of
3680° around a mandrel, without twisting. The
diameter of the mandrel shall be 4=0.5 times
the outside dinmeter of the wire or cable. The
two ends of the piece shall be tightly clamped
to the mandrel to prevent any movement of the
bent section during the test.

2.3 VWhen the over-zll diameter of the wire
or ceble is 1 inch and greater, the specimen
shall be bent at room temperature through an
angle of not less than 180° around & mandrel

without twisting. The diameter of the man-
drel shall be 6+0.5 times the outer dismeter of
the wire or cable.

24 1In the case of flat twin cable, the minor
diameter shall be used in arriving at the size
of the mandrel.

25 Two specimens shall be prepared from
each inspection unit. One specimen shall be
prepared as described in either 2.2 or 2.3, as re-
quired. The other specimen shall be prepared
in the same way but bent in the reverse direo-
tion.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 A snitable apparatus for ozone resist-
ance test is shown assembled in figure 4111.
All connections for parts of the apparatus
carrying ozonized air should be of ozone-re-
gisting materials. The apparatus consists cs-
sentially of the following parts.

3111 An nair pump or compressed air
supply for circulating air through the test
chamber.

3.11.2 An air drier consisting of 500-ml. gas
washing bottles filled to about 30 percent of ca-
pacity with sulfuric acid, sp. gr. 1.83, connected
in series with a drier containing anhydrous cal-
cium chloride or other suitable desiccant.

3.1.13 A moisture indicator consisting of a

THERMOME TER

SAMPLING BOTTLE

ASPIRATOR

> -l
ACID OZONNIZER
AlR DRIER TEST CHAMBER AND
WATER BATH
Frounx 4111,
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U-tube hygromster containing anhydrous cop-
per sulfate.

8.1.14 A calidrated flow meter having &
capacity of at least 25 cu. ft. per hour, for meas-
uring the rate of flow of air through the sys-
tem. -

3.115 A generator forozonizing the air con-
sists of two concentric electrodes, ssparated by
a thin glass dielectric, between which voltage is
applied. The generator is supplied by a po-
tential transformer equipped with variable
voltage control of 20 to 30 kilovolt rating.

3.1.1.6 An uging chamber of ozone-resisting
material and of sufficient size to accommodate
the largest specimen to be tested. A chamber
of about 18 to 20 inches in height with s capac-
ity of from 2,000 to 5,000 cubic inches is
ususlly required. A convenient form of cham-
ber is a glass jar with cover which permits easy
access to the interior and allows inspection of
the specimen without opening the chamber.
The chamber is equipped with a minera] wool
filter placed between two perforated grills near
the bottom. The ozonized air is led from the
generator to a space below the filter. If an air-
conditioned room is not available, the tempera-
ture of the chamber may be controlled by im-
mersing it in a water bath with accurately con-
trolled temperature. A thermometer is placed
in the chamber with the bulb as near the speci-
men a8 possible. The chamber is equipped with
a two-way stopcock, one acting as a discharge
to the outside and the other as a bypass.

3.1L17 A manometer for measuring the
pressure is connected to the outlet pipe of the
aging chamber, -

31.1.8 A sampling bottls for collecting a
specimen for the determination of ozone con-
centration is connected to the outlet tube of the
chamber,

8119 A4 500-ml. gas collecting burette is
connected through a two-way stopcock to the
sampling bottle. A 500-ml. aspirator bottle is
connected to the gas burette by means of rub-
ber tubing.

312, Starch indicator solution.

313 Standard iodine solution, 100 mg. per
liter.

FED. TEST METHOD STD. NO. 228

814 Standard sodium thiosulfate solution.
815 Potassium indide, 1 percent solution.
81.6 Acetio arid, 10 percent solution.

4. PROCEDURE

41 Preparation and standardization of
solutions.—The solutions shall be prepared
and standardized as follows:

41.1 Starch indicator solution. A tfresh
solution may be prepared for use each day by
dissolving 1 gram of soluble starch in 100 ml
of boiling distilled water. A solution that may
be used for several days shall be prepared by
mixing 1 gram of soluble starch with 40 ml
of cold distilled water, boiling until solution is
complete, diluting to about 200 ml. with cold
water and adding 2 grams of zinc chloride. The

solution shall be set aside for several hours and °

then decanted.

412 Jodins-solution. A weighing bottle
containing 2 grams of potassium iodide and 10
grams of distilled water shail be weighed and
then about 0.1 gram of reagent grade iodine
crystals added to the solution on the balance.
The solution shall be accurately weighad to de-
termine the amount of iodine added. The solu-
tion shall then be accurstely transferred to a
volumetric flask and the volume made to 1 liter
with distilled water. The solution should be
stored in a dark bottle in & cool, dark place.

4138 Sodium thiosulfate solution. A so-

dium thiosulfate solution of approximately the
same strength as the iodine solution shall be
prepared by dissolving 024 gram of reagent-
grade sodium thiosulfate (Na,S,0,.5H,0) in
distilled water and diluting to 1 liter. The
solution shall be standardized against the iodine
solution. Since the solution gradually loses its
strength, the strength of this solution shall be
checked against the iodine solution at frequent
intervala. The strength of the thiosulfate solu-
tion shall be calculated as follows:

X0
'-_—S
where :
E=the todine squivalent of sodium thiosulfate ex-
pressed as mg. of lodine per ml. of Na,8,0p
Px=the number of ml. of the lodine solution
C=the ccncentration of the todine In mg. per ml
8=the number of ml. of sodium thicsulfate used to
titrate the solutton

92>
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42 Determination of ozone concentra-
tion. TLe ozone sampling bottle containing 100
ml. of the 1-percent potassium iodine solution
acidulated with a few drops of acetic acid shall
be connected to the gas burette and the two-way
stopcock from the test chamber as shown in
figure 4111. The two-way stopcock on the
burette shall be opened to the air and the burette
filled with water to the mark by lifting the
aspirator bottle. The stopcock shall be closed
to the air and opened to the sampling bottle, and
the sampling cock on the test chamber opened.
The aspirator bottle shall be Jowered until the
burette isemptied. At this point, 500 ml. of the
gas will have bubbled through the potassium
iodide solution. The stopcock shall then be
closed and the bottle removed, a few drops of
starch indicator added and the solution titrated

with standard sodium thiosulfate solution. |

Since 1 mg. of iodine is equivalent to 0.1 ml. of
ozone at room temperature and pressure (within
the accuracy of this method of analysis at room

temperature and pressure) the ozone may be .

calculated as follows: O=£X0.1, where O is
the nrinber of ml. of ozone at room temperature
and pressure equivalent to 1 ml. of sodiwu thio-
sulfate solution used, and £ is the iodine equiv-
alent of sodium thiosulfate expressed as mg. of

iodine per ml. of thiosulfate. The percent of .

ozpno--s—;g?doo, where S is the number of
ml. of thiosulfate used to titrate the solution and
X is the number of ml. of the sample collected.
4.3 Testing of rubber specimen.
4.3.1 Unless otherwise specified in the detail
specification, the test shall be carried out using
an exposure period of 3 hours at a temperature

Method 4111

of 25°=2° C. (77°x4° F.) and an ozone con-
centration of not less than 0.015 percent by
volume.

43.2 Air shall be passed through the test
apparatus at a constant rate of flow for at least
15 minutes prior to inserting the specimen. The
flow of gas shall be adjusted to between 10 and
20 cubic feet per hour as measured on the flow
meter. The manometer shall indicate a slight
pressure of approximately 1% inch of water
above atmospheric pressure in the test chamber.

"The pressure may be controlled by the degree of

closure of the discharge stopcock. The voltage
of the ozone generator shall be regulated so as to
give a concentration of ozone &s required. The -
ozone concentration shall be checked as de-
scribed in 42. The temperature of the air in
the test chamber shall be regulated ns required.
When constant conditions are obtu.ned, the
specimen free from mechanical damage shall be
bent, inserted in the test chamber, and exposed
for the required period of time. At the end of
the exposure period, the specimen shall be
examined for cracking.

43.3 TFlat twin cable shall be bent on the
minor axis ol ils cruss-section vily.

5. RESULTS

51 Unless otherwise specified in the detail
specification, two specimens from each inspec-
tion unit shall be tested.

52 The ozone resistance of the insulation or
sheath of the inspection unit shall be the results
obtained from the specimens'tested.

53 Any cracking or other damage of the
insulation or sheath shall be recorded.

5.4 The ozone concentration temperature
and time of exposure shall be recorded.

FED. TEST METHOD STD. NO. 228
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RESISTANCE TO LIGHT, INSULATION AND SHEATH

1. SCOPE

1.1 This method is intended for use in deter-
mintug the comparative resistance of rubber
and rubber-like insulation and sheaths of insu-
lated wire and cable to deterioration when ex-
posed to light having a frequency range ap-
proximating that of sunlight but having a
greater intensity in the ultra-violet range than
sunlight. The method is not applicable to hard
or semihard rubbers. The deterioration result-
ing from the exposure is determined by ob-
serving the nature and degree of cracking and
checking and by comparing the tensile strength
and elongation of the exposed specimen with
that of unexposed specimen taken from the same

. piece of material. The specimen is exposed in

the stretched condition. The quantity of radia-

t8n to which the specimen is exposed is mea-

sured by means of the decomposition of uranyl
oxsalate solution.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
sulation or sheath taken from the incpection
unit. It shall be not less than 84 inch in width
arid 6 inches in length, and shall be buffed to
a uniform thickness of 0.35 =0.005 inch. If the
size of the insulation is too small to permit prep-
aration of a specimen of the above dimensions,
a tube specimen six inches in length may be used.
- 3. APPARATUS AND REGEANTS

3.1 The appuratus and reagents shall be as
follows:

3.1.1 4 light source consisting of a vertical
ventilated, flaming carbon arc designed to ac-
commodate two or three pairs of carbons, num-
ber 22 upper and number 13 lower; the arc to
burn between only one peair of carbons at a time.
The carbons shall be of the cored type sunshine
carbons (of the National Carbon Company or
equal) designed to duplicate as closely as pos-
sible the spectral distribution of sunlight. The
arc shall operate on 60 amperes and 50 volts
across the arc on alternating current or on 50
amperes and 60 volts across the arc on direct
current.

312 TUnless otherwise specified in the detail
specification, the arc shall be surrounded by
Corex D filters or other enclosure having
equivalent absorbing and transmitting proper-
ties. Each Corex D panel shall be 3%, to 14,
inch in thickmess. Filters shall be replaced
after 800 hours of service.

3.13 A cylindrical rotating framework
designed to carry specimen helders in such a
way that the surface of the specimens are 1814
inches =14 inch from the center of the arc. The
frame work shall rotate around the arc at a
uniform speed of one complete revolution every
2 hours.

3.14 Specimen holder suitable for mount-
ing the specimen vertically while it is rotated
about the carbon arc to provide uniform dis-
tribution of light. The holders shall be de-
signed to nccommodate either one specimen 2
by 8 inches or two specimens each 1 by 6 inches
in size and to stretch them to any elongation
up to 20 percent. A suitable holder is shown
in figure 4131A.

315 A oylindrical drum of corrosion-
resisting material for enclosing the lamps and
framework. The cylinder shall be equipped
with a protective cover for shielding the opera-
tor from radiation from the arc, and overflow
for carrying away the water from & spray, and
a sliding door to permit access to the specimens.

3.1.6 A fresh uater spray nozzle mounted
inside the cylindrical drum in such a position
that each specimen will be exposed to a complete
wetting throughout its length one time during
each revolution of the framework. Each noz-
zle shall be adjusted so as not to strike the Corex
D filters and to deliver between 134 and 2 gal-
lons of water per hour. The water shall be
maintained between 10° and 25°C. (50° and
T7°F.) during the test.

3.1.7 An ezhaust fan, for effectively venti-
lating the arc, with a capacity of 100=20 cubic
feet per minute,

3.18 A thermometer for determining the
temperature of the air at the position of the

FED. TEST METHOD STD. NO. 228
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Frauxe 4131A. Rubber holder for light aging. All pz;ru exeiept rods to Le made of alumisum. Rods to be made
of mon

specimen in the drum. The bulb of the ther-
mometer shall be shielded by a cylinder of
bright metal foil 2 inches in diameter and 2
inches in Jength.

3.19 4 suitable framework, complete with
cables, pulleys, and counterweights for raising
the lamp for inspection and replucement of car-
bons.

3.1.10 Electrical control equipment for au-
tomatic operation of the entire unit and main-

FED. TEST METHOD STD. NO. 228

taining the current of the arc approximately
constant. The equipment shall include & con-
stant voltage regulator to maintain the input
voltage at 220=1 volt. It shall also contain
a push-button station for starting and stopping
the unit, interlocked with the main line con-
tactor to insure complets electrical isolation of
the arc equipment when changing carbons or
working on the interior mechanism of the lamp.

3.1.11 A4 cell of transparent fused quartz for

A
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Fiouns 41318, Transpsrent fused quarts eell

exposing the actinometer solution to the radia-
tion from the are of the design and dimensions
shown in figure 4131B.

3112 A Aolder for enclosing the cell axcept
for the face which is exposed to the light being
measured. The exposed cross-sectional ares of
the cell shall be measured with an accuracy of
at Jeast =1 percent. The inzide of the call
holder shall be completely covered with s dull,
black enamel paint. The holder shall be de-
signed to take the place of & specimen holder
and so constructed that the center of the cell
occupies the same relative horisontal position as
the center of a rubber specimen.

3118 Automatio dispensing duretts, Bgure
4131C.

3.L14 Radiation actinometer solution.

Substances, reagent grade pe:iz "‘u"‘:
Ozalic scid, hydrated
(ByC0,3Hs0) e cncacnceaa] 0830 ] 0050
or oxelic aeld, anhydrous

(ByCrO ceaeeccceccneccanas 400{ .00
Uranyl sulphate (U0,80,-38,0).. 42 .0100

8115 ZKvaluating solution.
Grame L.vxl‘ldnm
per liter valent
Potassium permanganate

(EMa00.cmemecccccnacaac. 216| .10 N

Method 4131

4 PROCEDURE

41 Preparation, storags, and dispensing
of solutions. The solutions, 3.1.14 and 3.1.15,
may be prepared in ordinary diffused light.

411 A 0.1 N potassium permanganate solu-
tion shall be prepared by dissolving 3.16 grams
of reagent grade in distilled water and making
the volume to 1 liter. The solution shall be
set aside for 1 week ir » dark place then filtered
through & 34 inch glass fiber cloth and stored
in s glass stoppered bottle protected from the
light by & heavy coating of black paint.

412 The actinometsr solution shall be
prepared by dissolving 6.30 grams of reagent
grede hydrated oxalic acid (H,C,0,-2H,0) or
4.50 grams of anhydrous oxalic scid (H,C,0,)
and 4.20 grams of reagent grade uranyl sulphats
(U0,S0; *3H,0) in distilled water and diluted

Fsvns 41010 Dhmnotdhmnumu-
Machlett type.

0
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to 1liter. The solution shall be stored in a glase
stoppered bottle painted with & heavy cost of
black paint to protect the solution from light.
An sutomstic dispensing burette, shown in fig-
ure 4131B when heavily coated with black paint
to exclude light is suitable for storing and dis-
pensing the solutions.

42 Standardization of solutions. The
evaluating solution {potassium permanganate)
shall be standardized aguinst reagent grade
sodiunm oxalate in the usual way, with such pre-
caations that its strength shall be known within
an accurscy of at least =1 percent. The
strength of the potassium permsnganate shall
be expressed in terms of milligrams of anhy-
drous oxalic acid per mL of solution. The acti-
nometer solution shall be titrated against the
standard potassium permanganate. An accu-
rately measured volume of 50 milliliters of the
actinometer solution shall be transferred to a
tall form 200-milliliter beaker, 20 to 25 milli-
liters of distilled water added, and the solution
acidified with 5 milliliters of 1 to 3 sulfuric acid.
The beaker shall be covered with a porcelain
dish and the solution heated to 95° C. (203° F.)
in a light-proof water bath, transferred to an
open glaas water bath and maintained at this
temperature while resting on a flat, white-glass
base. The solution shall be clearly seen by light
from the glass base illuminated by a “daylight”
lamp. The bot solution shall be titrated with
the standard potassium permanganate evaluat-
ing solution from a dispensing burette while
stirring constantly until an orange color is ob-
tained which persists for at least 80 seconds
while stirring. The titration shall be conducted
in such a way that the volumes of solution used
are precise to within +0.05 milliliter.

43 Calibration of radiation. The in-
tensity of radistion of the light shall be meas-
ured in terms of the milligrams of oxalic acid
decomposed per square decimeter per minute,
and the quantity of radiation in any given pe-
riod of time shall be measured in terms of the
milligrams of oxalic acid decomposed per square
decimeter. An sccurately measured volume of
the actinometer solution shall be transferred to
the quartz cell from : dispensing burette. The

FED. TEST METHOD STD. NO. 228

cell shall be immediately placed in the holder
to prevent exposure of ths sclution to light.
The cell holder shall be mounted on the cylin-
drical rotating framework in the dighting unit
in » similar position as that of a rubber speci-
men holder. The ‘solution shall be exposed to
the light under normal opersting conditions for
a suitable period of time. The time of exposure
of the actinometar solution shall be suficient to
decomposs not less than 10 percent nor more
than 30 percent of the oxalic acid in the cell.
At the end of the exposure period, the actinom-
ster solution shall be transferred from ths cell
to » 200-ml. besker and then titrated with the
potassium evaluating solution as
described in ¢2. The quantity of the evaluat-
ing solution required for the titration shall be
designated as ¥,. A volume of the actinoroster
solution equal to that used in the exposure cell
shall be titrated under the same'conditions,
omitting the exposure to light, and the quantity
of parmanganste solution required forsthe titra-
tion recorded as V,. The quantity of oxalic
acid in mg., @, decomposed by the radiation is
given in the equation Q=a (V~VF,) where ¢
is the number of mg. of oxalic acid equivalent
to 1 ml. of evaluating solution. The guantity
or dosage of radiation is expressed as Q/4 and
the intensity of rediation as @/4¢ where 4 is
the area of the cell, in square decimeters, and ¢
is the time of exposure in minutes.

44 Exposure of specimen.

441 Unless otherwise specified in the de-
tail specification, the total dosage of radiation
shall be 1.16X10* mg. per square decimeter witi)
& pins or minus tolerance of ¢ percent. Ap-
proximately 50 hours exposure should be suffi-
cient for this dosage.

442 Unless otherwine specified in the detail
specification, tensile strength and elongation
tests, methods 3021 and 3031, and the nature
and degree of cracking and checking, 4.4.5, shall
be used to determine the deterioration of the
material due to aging.

443 Unless otherwise specified in the detail
specification, the specimen, mounted in the
holder, shall be stretched to an elongation of
10 percent within 3 hours after it has been

Vel
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buffed. The specimen shall be held in the
stretched position for 16 to 24 hours at a tem-
perature of 38°=1° C. (100°+2° F.) to aid in
the blooming of the protective waxes.

444 Within 1 hour after the precondition-
ing period, the stretched specimen mounted in
the holder shall be placed in the aging container
in such a position as to receive full radiation
from the arc. It shall be exposed to the light
until the total exposure is equivalent to that
required to decompose the specified quantity
of oxalic acid (4.4.1). At least one measure-
ment of intensity of radiation shall be made, as
described in 4.3, at the start and the end of each
exposure and at intervals of not more than
24 hours during the period of exposure. The
temperature of the air in the vicinity of the
specimen shall be maintained at 45°=5° C.
(113°=9° F.) during the exposure period, by
controlling the temperature of the room and the
ventilation of the space surrounding the speci-
men. The filters or other enclosure shall be
cleaned at least once every 24 hours during the
exposure period.

44.5 At the end of the exposure period, the
holder with specimen shall be removed and the
specimen examined immediately by means of
binocular microscope for cracking and check-
ing. The specimen shall be removed from the
holder and set aside on a flat surface to rest for
not less than 16 hours nor more than 96 hours
at room temperature before physical tests are
made.

4.4.6 At the end of the rest period, unless
otherwise specified in the detail specification,
4.4.2, tensile strength and elongation shall also

Method 4131

be determined of the specimen as described in
methods 3021 and 3031. If other properties are
required the specimen shall be tested as de-
scribed in the specified method. The same
physical tests shall be conducted on aged and
unaged specimens for the purpose of compari-
son in determining the degree of deterioration
of the aged material. The dimensions of the
specimens for use in calculating the tensile
strength and elongation shall be determined
after exposure.

5. RESULTS

5.1 Calculation. The change in tensile
strength, elongation or other characteristic of
the insulation or sheath of the inspection unit
due to aging shall be calculated as follows:

Change in characteristle, perccntﬂo—‘;-g-)(loo

where ;

O=the value obtained on the unaged Insulation or

sheath of the inspection unit

E=the value obtained on the nged !nsulation or

sbeath of the inspection unit

62 Unless otherwise specified in the detail
specification, the number of specimens tested
from each inspection unit shull be as required
in the method of test, 4.4.2, used for determin-
ing the deterioration of the insulation or
sheath,

53 The change in the characteristic of the
insulation or sheath of the inspection unit shall
be recorded to the nearest 1 percent.

54 Any cracking or checking of the ina-
terial of the inspection unit shall be recorded.

5.5 The dosage and the elongution used for
stretching of the specimen shall be recorded.

FED. TEST METHOD STD. NO. 228
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men. The filters or other enclosure shall be
cleaned at Jeast once every 24 hours during the
exposure period.

44.5 At the end of the exposure period, the
holdar with specimen shall be removed and the
specimen examined immediately by means of
binocular microscope for cracking and check-
ing. The specimen shall be removed from the
holder and set aside on a flat surface to rest for
not less than 16 hours nor more than 96 hours
at room temperature before physical tests are
made.

4.4.6 At the end of the rest period, unless
otherwise specified in the detail specification,
4.4.2, tensile strength and elongation shall also

E=the value obtalned on the aged Ipsulation or

sbeath of the Inspection unit

5.2 Unless otherwise specified in the detail
specification, the number of specimens tested
from each inspection unit shall be as required
in the method of test, 4.4.2, used for determin-
ing the deterioration of the insulation or
sheath.

53 The change in the characteristic of the
insulation or sheath of the inspection unit shall
be recorded to the nearest 1 percent.

54 Any cracking or checking of the ina-
terial of the inspection unit shall be recorded.

5.5 The dosage and the elongution used for
stretching of the specimen shall be recorded.

FED. TEST METHOD STD. NO. 228
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Method 4211

April 14, 1967

RESISTANCE TO PETROLATUM, VARNISHED CLOTH

1. SCOPE

11 This method is intended for use in deter--

mining the effect of hot petrolatum on var-
nished cloth and tapes of insulated wire and
cable.

2. SPECIMEN

21 The specimen shall be a piece of the
varnished cloth or tape st lesst 12 inches in

length taken from a single tape layer of the

inspection unit.

3. APPARATUS

3.1 The apparatus shall be as follows:

311 A 200-milliliter beaker and cover glasa,

312 An air oven equipped with an suto-
matic temperature control capable of maintain-
ing the specimen at the required temperature
within =1° C, (2° F.). )

313 Thermometer with scale to at least
160° C. (820° F.) and graduated to 0.5° C.
(1° F.).

3.1.4 Petrolatum, approximately 100 ml.

4. PROCEDURE

4.1 At least 12 inches of each tape shsll be
removed from the inspection unit. Unless
otherwise specified in the detail specification,
10 percent of the tapes but in no case less than
3 tapes shall be taken at random for test.

42 TUnless otherwise specified in the detail
specification, the temperature of exposure shall
be 150°=1° C, (302°=2° F.) for a period of
15+1 minute.

4.3 The 200-ml. beaker containing the petro-
latum shall be heated to the required tempers-
ture. After the beaker and petroleum have
reached the required temperature, the specimen
shall be completely immersed in the.petrolatum
and allowed to remain for the required time.
At the end of the exposure period the specimen
shall be removed from the petrolatum and set
aside to cool to the room temperature. The
specimen shall then be freed of any petrolatum
with a cloth and examined for softening, tacki-
ness, or brittleness of the varnish.

5. RESULTS

5.1 TUnless otherwise specified in the detail
specification, one specimen from each layer of
tape taken for test, 4.1, shall be tested.

5.2 The petrolatum resistance of the layer
of tape shall be the result obtained from the
specimen tested.

53 Any softness, tackiness, or brittleness of
the varnish shall be recorded.

‘54 The temperature and time of exposure
shall be recorded.

FED. TEST METHOD STD. NO. 228
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Method 4221
“April 14, 1967

RESISTANCE TO OIL, INSULATION AND SHEATH

1. SCOPE

11 This method isintended for use in deter-
mining the effect of oil on oil-resisting insula-
tion and sheath of insulated wire and cable.
The procedure may be used for determining the
resistance of insulation and sheath to oil at any
desired temperature. The tensile strength,
elongation, or other characteristic used for de-
termining the degree of deterioration is deter-
mined immediately after exposure of the
material.

2. SPECIMEN

21 The specimen shall be as described in
methods 3021 and 3031 or other methods of test
required for determining the amount of deteri-
oration, 4.2. ~

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be
as follows:

311 (lass tube having an outside diameter
of 38 mm. and s length of approximately 300
mm., or other suitable container for immersing
the specimen in oil.

3.1.2 Refluz condenser suitable for fitting
into the glass tube by means of a cork stopper.

3.1.3 Equipment for controlling the tempera-
perature within =1° C. (2° F.), such ds a con-
stant temperature liquid bath with thermostatic
control.

314 Thermometer.

3.15 Aluminum or corrosion-resisting steel
screens or glaas frame-work to prevent the speci-
mens from touching each other or the surfaces
of the container.

3.16 Filter paper.

3.L.7 Acetone.

3.1.8 Immersion oil conforming to the fol-
lowing requirements:

Flash POIBtaccecaa.. 240°28° C. (475°%10° F.)\

Sayboit viscosity, sec.. 100x3

Aniline point__. $3°=3° C. (109°+5° F.)

4. PROCEDURE

41 Unless otherwise specified in the detail
gpecification, the test shall be carried out at a
temperature of 121°x1* C. (250°=2° F.) for
a period of 18 hours x4 hour.

42 Unless otharwise specified in the detail
specification, tensile strength and elongation
tests, methods 3021 and 3031 shall be used to
determine the deterioration of the insulation
and sheath due to aging.

43 After adjusting the immersion oil to the
required temperature, the specimen shall be
completely immersed so that the liquid can cir-
culate freely around the specimen during the
period of exposure. The immersion container
shall be fitted with a reflux condenser and the
specimen exposed for the required time at the
required temperature.

44 At the end of the immersion period the
specimen shall be removed from the liquid,
placed immediately in a fresh supply of the
same liquid at room temperature, and nllowed
to remain for 355 minutes.

45 At the end of the cooling period in the
fresh liquid, the specimen shall be removed from
the liquid, quickly dipped into acetone, and
blotted lightly with filter paper. Unless other-
wise specified in the detsil specification, tensile
strength and elongation shall be determined of
the aged specimen as described in methods 3021
and 3031. 1f other properties are required the
specimen shall be tested as described in the spoe-
ified method. The same tests shall be conducted
on aged and unaged specimens for the purpose
of comparison in determining the degree of
deterioration of the aged material.

4.6 The specimen shaill be tested within 3
minutes after it has been removed from the cool-
ing liquid. (See 4.4.)

5. RESULTS

51 Calculation. The change in tensile
strength, elongation, or other characteristic of
the insulation or sheath of the inspection unit
due to aging shall be calculated as follows:

Change in characteristic, pereent--go:!xzoo
where:
O=the value obtained on the upaged insulation or
sheath of the inspection galt.
E=the value obtalped on the aged insulation or
sheath of the inspection unit,

FED. TEST METHOD STD. NO. 228
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52 Unless otherwise specified in the detail 53 The change in the characteristic of the
specification, the number of specimens tested  insulation or sheath of thc i _pection unit shall
from each inspection unit shall be as required  be recorded to the nearest 1 percent.
in the method of test, 4.2,used for determining 54 The temperaturs and time of exposure
the deterioration of the insulation or sheath. shall be recorded.

FED. TEST METHOD STD. NO. 228

/54



v

Downloaded from https://www.everyspec.com

Method 4223
April 14, 1967

RESISTANCE TO OIL, INSULATION AND SHEATH
(RECOVERY METHOD)

1. SCOPE

L1 Thismethod is intended for use in deter.
mining the effect of oil on oil-resisting insula-
tion and shesth of insulated wire and cable.
The procedure may be used for determining the
resistance of insulation and sheath to oil at
any desired temperature. The tensile strength,
elongation, or other characteristic used for de-
termining the degree of deterioration is de-
termined after the material has been permitted
to recover for a definite period of time after

exposure to the oil.

2. SPECIMEN

2.1 The specimen shall be as described in
method 4221.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
described in method 4221.

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, the test shall be earried out at a
temperature of 121°x1° C, (260°=2° F.) for
a period of 18=*1; hour.

4.2 Unless otherwise specified in the detail
specification, tensile strength and elongation
tests, method 3021 and 8031 respectively, shall
be used to determine the deterioration of the
msulatwn and gheath due to agmg.

43 Unless otherwise specified in the detail
specification, the specimen shall be permitted to
recover 415> 14 hour in the air at room tem-
perature after exposure to the oil before deter-
mining the tensile strength and elongation or
other characteristics.

4.4 After adjusting the immersion oil to the
required temperature, the specimen shall be
completely immersed so that the liquid can cir-
culate freely around the specimen during the
period of exposure. The immersion container
shall be fitted with a reflux condenser and the

specimen exposed for the required time at the

specified temperature.
45 At the end of the immersion period the

specimen shall be removed from the liquid,
placed immediately in a fresh supply of the
same liquid at room temperature, and allowed
to remain for 35=5 minutes.

4.6 At the end of the cooling period in the
fresh liquid the specimen shall be removed from
the liquid, quickly dipped into acetone, and
blotted lightly with filter paper. The specimen
shall be suspended in air and allowed to recover
for the required period of time (see 4.3) before
tests are made,

4.7 At the end of the recovery period the
width, thickness, and cross-sectional aren of the
specimen shall be determined as follows:

4.7.1 Thickness. The thickness of the spec-
imen shall be determined as described in method
1124 except that a dumbbell tensile strength
specimen shall be subjected to three measure-
ments, one at the ceater and one near each end
of the reduced section. If the specimen is nar-
rower than the diameter of the foot, measure.
ments shall be made with the center of the mi-
crometer foot coinciding with the longitudinal
center line of the specimen so that there will be
an equal overlap of the foot on each side. The
median of the three measurements shall be used
a8 the thickness in calculating the cross-sec-
tional area of the specimen except that speci-
mens for which the difference between maxi-
mum and minimum thickness exceeds 0.003 inch
shall be discarded.

472 Width. The width of the specimen
shall be determined with the apparatus de-
acribed in method 1018 or any device which is
accurate to 0.001 inch and which can be used in
such a manner that compression of the specimen
is negligible. A dumbbell tensile strength
specimen shall be measured at three places, one
at the center and one near each end of the
reduced section. The median of the three
messurements shall be used as the width in
calculating the cross-sectional area of the

specimen.
FED. TEST METHOD STD. NO. 228
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478 Cross-sectional area. The cross-
sectional ares shall be calculated or determined
as described in method 8021,

4.8 Unless otherwise specified in the detail
specification, tensile strength and elongation
shall be determined on the aged specimen as
described in methods 3021 and 3031 respec-
tively. If other properties are required, the
specimen shall be tested as described in the
specified method. The same tests shall be con-
ducted on aged and unaged specimens for the
purpose of comparison in determining the de-
gree of deterioration of the aged material.

5. RESULTS

51 Calculation. The change in tensile
strength, elongation, or other characteristic of
the insulation or sheath of the inspection unit
due to aging shall be calculated as follows:

FED. TEST METHOD STD. NO. 228

Change in characteristic, pemt-gg—! %100
where:
Owsthe value obiained on the unaged insulation or
sheath of the inspection unit
Nwthe value obtalned on the sged !psulation or
sheath of the inspection unit

52 Unless otherwise specified in the detail
specification, the number of specimens tested
from each inspection unit shall be a8 required in
the method of test, 4.2, used for determining the
deterioration of the insulation or sheath.

53 The change in the characteristic of the
insulation or sheath of the inspection unit shall
be recorded to the nearest 1 percent.

54 The temperature and time of exposure

‘and time of recovery shall be recorded.

/J6
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Method 5011

April 14, 1967

HEAT SHOCK, INSULATION

1. SCOPE

1.1 This method isintended for use in deter-
mining the effect of heat on insulating materials
in the bent form. It is primarily applicable to
thermoplastic insulation. It is applicable to
single conductor insulated wire or cable.

2. SPECIMEN

21 The specimen shall consist of a piece of
the inspection unit of sufficient length to be
tested as described in section 4, from which any
covering over the insulation has been removed.

8. APPARATUS

31 The apparatus shill be as follows:

311 A mandrel of the size required in »

column 8 of table I

312 A cireulating air oven capable of msin-
taining the specimen at the required tempera.
ture within x1° C, (2° F.).

4. PROCEDURE

41 Unless otherwise specifiad in the detail
specification, the specimen shall be subjected
to a temperature of 121°=1° C. (250°+2° F)
for & period of 1 hour,

42 The specimen shall be wound around the
mandrel"(if size 1 AWG or smaller) or given
& 180° bend sround & mandrel (if size 0 or
larger) as specified in table L.

While in the wound or bent condition, the
specimen shall be exposed to circulating air at
the required temperature for the required period
of time. At the end of the exposure period, the
specimen shall be examined for cracking of the
insulation both on internal and external surfaces
by axially splitting the specimen at two axes
180° apart and carefully removing the semi-
tubes from the conductor.

43 Flat twin cable shall be bent on the minor
axis of its cross section only. The minor diam-
eter shall be used in determining the size of the
mandrel,

5. RESULTS

5.1 Unless otherwise specified in the detsil
specification, two specimens from each inspec-
tion unit shall be tested.

62 Any cracks in the insulation on the in-
ternal and external surfaces of the specimen
snali be recorded.

53 The resistance to heat shock of the in-
sulation of the inspection unit shall be the
results obtained from the specimens tested.

54 The temperature, time of exposure, and
size of mandrel used shall be recorded.

Tamas I
_ Mandrei sise, equals
. . the nominal outaide
Sise of conductor AWG or circular mils Number of adjacent turns m:‘gf.‘,},‘:‘
multiplisd by the
foliowing {actor
No. 8 and smaller 6 1
No. 7 to No. 3, inclusive ] 2
No. 1 1 2
No. 0 to 0000 . 180° bend P
225,000 cireular mils and over 180° bend 8

FED. TEST METHOD STD. NO. 228
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Method 5021
April 14, 1967

HEAT DISTORTION, INSULATION

1. SCOPE

11 This method is intended for use in deter-
mining the distortion of insulating materisls.
It is particularly applicable to thermoplastic
insulation. '

2. BSPECIMEN

21 Conductors No. 0000 AWG and
smaller., The specimen shall consist of a right
cross section of the inspection unit 1 inch in
lJength from which any covering ovar the insu-
lation has been removed.

22 Conductors larger than No, 0000
AWG. The specimen shall consist of a piece
of the insulation 1 inch in length and %4+,
inch in width taken froin the inspection unit
and buffed, method 3011, to 0.050+0.010 inch
in thickness.

3. APPARATUS

3.1 The apparatus shall be ns follows:

3.1.1 .4 dsal micrometer with a flat anvil not
less than 0.375 inch in diameter and a flat pres-
ser foot 0.375+0.01 inch in diameter. The
presser foot shall be equipped to support added
weights, table I, for applying force to the speci-
men. The surfaces of the anvil and presser foot
ghall be parallel to within 0.0001 inch. The
micrometer shall be graduated to read in mils
or 0.001 inch.

3.12 Weights as required in table I.

Tane I. Gage loads

Conductor sise (AWG) .
‘onductor size gage
{(grams)
No 1B . cecccccececciarcnacens - 300
| L {. P, ceveons 400
Nos. 15 t0 8, Inclusive. ... ... 500
Nos. Tto 1, inclusive. . ._._........... 750
Nos. 0 to 0000, inclusive.......cece... 1, 000
Nos. larger than 0000 ................ 2, 000

313 A cirmdating air oven capable of
maintaining the specimen at the required tem-
perature within =1° C. (2° F.).

4 PROCEDURE

41 Unless otherwise specified in the detail
specification, the specimen shall be subjected
to a temperature of 121°=1° C. (250°+2° F.)
for a period of 1 hour under the weight required
in table 1.

42 Conductors size 0000 AWG or smaller.

421 The thickness of the insulation shall
be determined as described in method 1011 and
the value recorded as 7,.

422 The oven shall be heated to the re-
quired temperature and maintained through-
out the test. The thickness guge, 8.1.1, the
weight required in table I, and the specimen
shiall be placed in the oven and allowed to re-
main for a period of 1 hour.

423 At the end of the pre-heating period,
the specimen shall be placed directly under the
foot of the gage and the weight applied to the
gage. The gage with specimen in position shall
renain in the oven for the required time. At
the end of the heating period, the diameter of
the specimen shali be read from the gage and
recorded as D,.

424 The insulation shall be removed from
the conductor and the diameter of the conductor
of the specimen determined as described in
method 1431 and the value recorded as 2,.

43 Conductors larger than size 0000
AWG, '

431 The thickness (diameter) of the speci-
men shall be determined with the gnze described
in 3.1.1 with no added load on the presser foot,

and the value recorded as 7.

432 The oven shall be heated to the speci-
fied temperature and maintained throughout
the test. The thickness gage, 3.1.1, the weight
required in table I, and the specimen shall be
placed in the oven and aliowed to remain for a
period of 1 hour.

433 At the end of the pre-heating period,
the specimen shall be placed directly under the
foot of the gage and the weight applied to the
gsge. The gage with specimen in position shall

FED. TEST METHOD STD. NO. 228
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remain in the oven for the required time. At
the end of the heating period, the thickness of
the specimen shall be read from the gage and
the value recorded as 7.

5. RESULTS

5.1 Calculation. The distortion of the in-
sulation of the specimen shall be calculated as
follows:

811 Conductor sises 0000 AWG ond
smaller.

Ty D———‘;D'

where: .
T,=the mcehhl.w. of insuistion after heat distortion,

D,;=the dlameter of the specimen after heating, inch
Dey==the dlametsr of the condoctor from the specimen,

Change In thickness of insalation, mt-’-'—'i:’-‘noo

where: .
T,=the thickness of the insulation of the specimen
before beat treatment, ineh,

FED. TEST METHOD $TD. NO. 229

B2 Conductors larger than 0000 AWG.

Chbange in thicknass of insulation, m—-’—'iz’xm

where:
T,=the thickness of the specimen before beat treat-
ment, Iach,

T'w=the thicknese of the specimen afisr beat treat-
ment, inch.

52 Unles otherwiss specified in the detail
specification, two specimens from esch inspec-
tion unit shall be tested.

538 The distortion of the insulstion of the
inspection unit shall be the a/erage of the re-
sults obtained from the spec'nens tested.

54 The distortion of the insulstion of the
inspection unit shall be recorded to the nearest
1 percent. -

55 The temperature and time of sxposure
shall be recorded.
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Method 5111
April 14, 1967

MELT, FIBROUS COVERING

1. SCOPE

1.1 Thismethod is intended for use in deter-
mining the softening of the saturants and fin-
ishing materials in the fibrous covering of insu-
lated wire and cable.

2. SPECIMEN

2.1 The specimen shall be a 6-inch length of
the inspection unit from which any covering
over the fibrous covering has been removed.

3. APPARATUS

3.1 The apparatus shall be as follows:

311 A4 ciroulating air oven capable of
maintaining the specimen at the required tem-
perature within =1° C. (2° F.).

312 Means for suspending the specimen
horizontally in the oven.

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, the specimen shall be subjected to
s temperature of 85°=1° C, (149°*2°F.) fora
period of 30 minutes.

4.2 The specimen shall be wrapped, except
for a distance of 1 inch at each end, with &
piece of clean, white, glazed paper. The
wrapped specimen shall be supported horizon-
tally by the bare ends of the conductor in the

oven which has been pre-heated to the required
temperature. The specimen shall be heated for
the required time at the required temperature,
removed from the oven, and allowed to cool to
room temperature. The specimen shall be ex-
amined vo Jetermine whether the paper ad-
heres to the specimen or whether the saturants
or finishing materials have become sufficiently
fluid to be transferred to the paper in sufficient
quantity to form a ridge on the paper which is
perceptible to the touch.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, two specimens from each inspec-
tion unit shall be tested.

52 The resistance to melting of the satu-
rants or finishing materials of the fibrous cov-
ering of the inspection unit shall be the resuits
obtained from the specimens tested.

5.3 Whether the peper adhered to the in-
spection unit shall ba recorded

5.4 Whether the saturants or finishing ma-
terials transferred to the paper from the in-
spection unit shall be recorded.

55 The temperature and time of exposure
shall be recorded.

FED. TEST METHOD STD. NO. 228
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Method 5131
April 14, 1967

DRIP, FIBROUS COVERING

1. SCOPE

1.1 This method is intended for use in deter-
mining the softening of the finish in the fibrous
covering of insulated wire or cable and its tend-
ency to soften sufficiently to run from the cable.
The temperature is higher than that used for the
melt test.

2. SPECIMEN

2.1 The gpecimen shall be a 6-inch length
of the inspection unit from which any covering
over the fibrous covering has been removed.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.L1 A4 circulating air oven capable of
maintaining the specimen at the required tem-
perature within =1° C. (2° F.).

3.1.2 Means shall be provided for suspend-
ing the specimen at an angle of 45°,

3.1.3 A rheet of paper or container for col-
lecting any drippings from the spccimen,

4. PROCEDURE

13 basl)
4.1 Unless otherwise speeified in the detail

specification, the specimen shall be subjected to
a temperature of 82°+1° C, (180°%2° F.).
4.2 All covering and the iusulation shall be

removed from the conductor of the specimen for
a distance of 3; inch from each end. The speci-
men shall be suspended by the bare ends of the
conductor at an angle of 45° in the oven which
has been pre-heated to the required temperature.
A sheet of paper or container shall be placed in
the bottom of the oven in a position to collect
any dripping from the specimen. The specimen
shall be heated for the required time and at the
required temperature. At the end of the expo-
eure period the specimen shall be examined for
dripping, formation of globules on the lower
gide, or bubbles upnn the surface.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, two specimens from each inspec-
tion unit shall be tested.

52 The resistance to dripping of the fibrous
covering of the inspection unit shall be the re-
sults obtained from the specimens tested.

5.3 Any dripping, formation of globules on
the lower side, o1 bubbles upun the surface of the
iuspection unit shall be recorded,

54 The temperature and time of exposure
shall be recorded.

FED. TEST METHOD STD. NO. 228
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DRIP, CABLE

1. SCOPE

11 This method is intended for use in deter-
mining the ability of satursnts and finishing
materisls in cable to resist flow at elevated tem-
peratures when the cable is in & vertical posi-
tion.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit not less than 30 times the over-
all dirmeter of the cable.

3. APPARATUS ,'

31 The apparatus shall be as follows:

3.11 A4 circulating air oven of sullicient size
to acconiuodate the specimen in a vertical po-
sition and capable of maintaining the specimen
st the required temperature within= 1° C, (2°
F.).

3.12 Means for supporting the specimen in
s vertical position,

3.1.3 A cheet of paper or a contniner for col.
lecting any drippings from the specimen.

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specification, the specimen shall be subjected to
a temperature of 80°=1° C, (176°=2° F.) fora
period of 1 hour.

42 All covering and insulation shall be re-
moved from one end of the conductor of the

specinen for a distance of approximstely 34
inch. The specimen shall be supported ver-
tically by the bare end of the conductor in the
oven which has been preheated to the required
temperature. A sheet of white paper or any
suitable container shall be placed beneath the
specimen in such a position that it will catch
any material which drips from the specimen.
The specimen shall be heated for the required
time and at the required temperature. At the
end of the exposure period, the Jower end of the
specimen shall be examined for globules of the
saturants or finishing materials and bubbles on
the surface. The paper or container shall be
examined for any drippings.

5. RESULTS '

8.1 Unless otherwise specified in the detail
specification, specimens from each inspection
unit shall be tested.

82 The resistance to dripping of the fibrous
oovering of tha inspection unit shall be the re-
sults obtsined from the specimens tested.

5.3 Any exudstion, formation of bubbles on
the inspection unit, or drippings on the paper
shall be recorded.

5.4 The time and temperature of exposure
shall be recorded.

FED. TEST METHOD $TD. NO. 228
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FLAMMABILITY, HORIZONTAL

()

1. SCOPE

1.1 This method is intended for use in deter-
mining the flame-retardant properties of in-
sulated wire and cable without metallic cov-
erings. It is particularly applicable to the
flame-retardant fibrous covering of varnished
cloth insulated wire and cable.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at leist 10 inches in length.

3. APPARATUS

3.1 The apparatus shall be'as follows:

L1 7est chamber approximately 12 inches
wide, 14 inches deep, and 24 inches high made

of sheet metal. The chamber shall be open at

the top and front and equipped with supports
8 inches apart for. holding the specimen in a
horizontal position during the test.

312 Tirrell burnar having a bore of 3 inch

and s ¢-inch tength sbove the primary sir inlets.
3.1.3 Supply of fuel gas, dbutine or eovive-
lent. The gus symew shall be equipped with
controls for maintaining the flow of gas to the
burner st uniform pressure.
814 Watch or nthor dswiea which will reg-

" ister the time in seconds.

315 Sreal acale graduated to 14 inch or finer
or its decimal equivalent. .

4. PROCEDURE

41 The specimen shall be free from me-
chanical damage. The flammability test shall
be carried out in a room free from draft or
under & hood in which the flow of air is not

- pufficient to affect the Aama.

42 The lpeumon shall be placed in a hori
gontal position in the chamber on supports 8
inches apart. Two strips of indicator paper
shall be attached to the specimen 4 inches apart,
each paper being 2 inches from the point on the

specimen where the inner blue cone of the flame
is to bs applied. The indicator paper shall be
moistened just suficient for proper adhesion
and wrapped once around the specimen with the
gunmed side towards the wire and the ends
pasted evenly together and projected 3; inch
from the specimen on the opposits side to which
the flame is to be applied. The Tirrell burner
ghall be placed in a vertical position and the
flame sdjusted to 5 inches in height with the
inner blue cone 134 inches in height.

43 The burner, in a vertical position, shall
be placed so that the inner cone just touches the
under side of the specimen at a point midway
between the two indicator papers. The fiame
shall be directed against the specimen for
exactly 80 seconds and then removed. After
flaming of the specimen has ceased, the indicator
papers shall be examined to determine the
maximum distance the flame extended in either
direction from the center point of application
of the flame,

5. RESULTS

6.1 TUnless otherwise specified in the detail
specification, one specimen from each inspec-
tion unit shall be tested.

82 The flammasbility of the fibrous covering
of the insulation or sheath of the inspection
unit shall be the result obtained from the speci-
men tested.

821 When more than one specimen is
tested, the flammability of the fibrous covering
of the inspection unit shall be the average of
the results obtained from the specimens tested.

88 The flammsbility (maximum distance
the specimen burned in either direction from
the center point of application of the flame) of
the inspection unit shall be recorded to the near-
ost 14 inch.

FED. TEST METHOD STD. NO. 228
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FLAMMABILITY, YERTICAL

1. SCOPE

L1 Thismethod is intended for use in deter-
mining the flame-resistant properties of fibrous
coverings, other than tapes, of insulated wire
and cable without metallic coverings. It is also
applicable to the determination of the flame-
retardant properties of plastic insulation and
jackets.

2. SPECIMEN

21 The specimen shall be & piece of the in-
spection unit approximately 18 inches in length
from which any covering over the covering to
be tested has been removed.

3. APPARATUS

3.1 The apparatus shall be as follows:

811 Test chambder approximately 12 inches
wide, 14 inclies decp, and 24 inches high made of
metal sheet. The chamber shall be open at the
top and front and equipped with supports for
holding the specimen in a vertical position and
keeping it taut during the test.

3.3.2 Supply of fusl gas, butans ov equiva.
lent. The gns system shall be equipped with
controls for maintaining the flow of gas to the
burner at a uniform prossure.

813 A steel acale graduated to 34 inch or
finer or its decimal equivalent.

814 Watch or other timing device which
will register the time in geconds.

3.15 A Tirrell burner having a bore of 34
inch and 4-inch length above the primary air

inlets. The burncr shall have an attached pilot -

Jight and shall be mounted on & 20° angle block
in the heating chamber.

3.1.6 An adjustable ateel angle (fig)
attached tu the bottom of the chamber to insure
the correct location of the burner with relation
to the specimen.

317 Flame indicators conxisting of strips
of gummed kruft paper, 5 1:1ils in nvwminal thick-
nessand 1% inch in width. This paper shall con-
form to type lII, grade B, PPP-T-45.

4 PROCEDURE

41 The flammability test shall be carried
out in a room free from draft or under s hood
in which the flow of air is not sufficient to affect
the flame. The specimen shall be free from
mechanical damage.

42 Oneend of the specimen shall be fastened
in the chamber by means of a clamp. The flame
indicator paper shall be attached to the speci-
men 10 inches above the point where the inner
blue cone of the flame is to be applied. The indi-
cator paper shall be moistened just sufficient for
proper adhesion and wrapped once around the

‘specimen with the gummed side toward the

specimen and the ends pasted evenly together
and projected 3; inch from the specimen on the
side opposite to where the flams is to be applied.

43 Tho burner shall be adjusted to produce
a flame 5 inches high and an i*.ner blue cone 1.5
inches high. The burner r  .ted on the 20°
angle blo:k ghall be placed agninst the jig in
$rout of the specimen &o that the vertice! plane
through the stem of the burner passes through
the sxis of the specimen. The jig shall be ad-

-justed so that there is & distance of 1.5 inches

between the tip of the burner stem and the sur-
face of the specimen, as measured along the

. axis of the burner stem. The height of the

specimen shall be adjusted so that the point of
contact with the flame shall be not less than 3
inches from the lower end of the specimen.

4.4 The pilot of the burner shall be lighted.
The valve supplying the fuel gas to the burner
shall be opened and the flame sutomatically
applied to the specimen for 15 seconds and then
the valve closed for 15 seconds. This operation
shall be repeated 4 additional times.

45 At the end of the fifth application of the
flame the percent of the extended portion of
the indicator paper which is burned shall be
estimated and recorded. The duration of the
buring period of the specimen after the fifth
application of the flame shall be observed and
the valve recorded.

FED. TEST METHOD STD. NO. 228
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§. RESULTS

5.1 Unless gtherwise specified in the detail
specification, one specimen from each inspec-
tion unit shall bo tested.

52 The flammability of the Gbrous cover-
ing, insulution, or sheath of the inspection unit
shall be the result.obtained from the specimen
521 YWhen more than one specimen is
tested, the flanunability of the fibrous covering

FED. TEST NETHOD STD. NO. 223

of the insulation or sheath of the inspection unit
sball be the average of the results obtained from
the specimens tested. .

53 The duration of the burning of the in-
spection unit after final application of the flame
shall be recorded to the nearest second.

54 The amount of the extended portion of
the indicator paper that burned from the in-
spection unit shall be recorded to the nearest §

percent.

7o
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FLAMMABILITY, SPARK METHOD

1. SCOPE

1.1 ‘This method is intended for use in deter-
mining the flnminability of flawme-proof, heat-
and finme-resistant, and oil-proof wires and
cables both with and without armor. It is
particularly applicable to wires and cables for
use on shiphoard.

2. SPECIMEN

2.1 The specimen shall consist of & piece of
the inspection unit approximately 18 inches in
length.

3. APPARATUS

3.1 The apparatus shall be as follows:

38.L1 Test chamber which shall be of suffi-
cient sjze Lo contain the specimen, specimen sup-

port, heater coil, spark plugs, flame travel gnge,

and other accessories. It shall be constructed so
as to eliminnte air drafts and to permit a clear
view of the interior through shatter-proof glass
windows. Vent holes shall be provided around
the sides adjacent to the base Lo permit the ad-
mission of fresh air. An exhaust fan shall be
connected to the top of a capacity just sufficient
to carry off smoke and gases.

3.12 The support shall be suitable for hold-
ing the specimen in a vertical position with an
unsapported span of not less than 14 inches.

3.13 Heater coils consisting of 7 turns of
No. 10 (u.lv2-inch diamneter) resistance wire,
space wound 0.25 inch per turn. The nominal
inside diameter of the coil shall be 0.5 inch
greater than the overall dinmeter of the speci-
men to be tested. The lower end of the coil shall
be located 1.5 inches above the top of the lower
specimen support. The resistance wire shall
meet the requirements of Fed Spec. QQ-R-175.

314 Two aperk plugs with extended elec-
trodes spaced 14 inch from the surface of the
specimen shall be located on diametrically op-
posite sides of the specimen and shall be placed
with their longitudinal centerlines in a hori-
zontal plane 3% inch above the top of the heater
coil in such a position as to ignile any gnses

emitted from the heated specimen. A suitable
electric circuit shall be provided to maintain
continuous sparking at electrodes during the
test. The plugs shall be mounted in such a man-
ner that they may be moved away from the
specimen after ignition takes place so as not to
interfere with the travel of the flame and to
prevent the electrodes from becoming fouled.

815 A suitadls flome tranel goae for judg-
ing the dustance of flame travel ghull be mounted
near the specimen and in such a position as not
to interfere with the travel of flame.

3.1.8 4 onnatant evrrent as required in table
I shall be supplied from a suitable transformer

"source to the heater coil.

Tanrz 1. Current in hrater coil

Current
Nominal dismeter of xpecimen (inchies) | amperes,

ac(r.me)
|

(=4

SCwuabeisis—

46
47
48
49
50
51
52

. . 55
1.1t0 13 58
l4to 1.7 87
1.8t0 2.2 58
2331029 59

—-— ——— e b o —— — —

3.1.7 . Wateh or other timing devvice which
will register the time in secunds.

4. PROCEDURE

4.1 Time of heating.

4.L1 Unleas otherwise specified in the detail
specification, for all armored cables, whether
tested with or without armor, the current in
the heating coil shall be turned off 30 seconds
after ignition occurs.

FED. TEST METHOD STD. NO. 228
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412 TUnless otherwise specified in the detail
specification, for all unarmored cables, where
the ignition time is less than 60 seconds, the
current in the heating coil shall be turned off
60 seconds after being turned on.

413 Ulless othierwise specified in the detail
specification, for all unarmored cables, where
tho ignition time is greater than 80 seconds, the
current in the hesting coil shall be turned off
when ignition occurs,

42 The Jower end of tho specimen ghall be
wrapped with varnished cambric or similar
materinl in such a manner that any gascs re-
Jeased through this end shall be diverted to-
ward the spark plugs.

43 Time of ignition. The specimen shall
be centered in the heater coil. The spark plugs
and flame gage shall be placed in position and
the chamber shall he closed and the ventilating
fan started. The watch or timing device shall
be started simultaneously with the energizing
of the heater coil by the current in arccordance
with tublo I and the energizing of the spark
plugs. Ignition shall be considered as occur-
ring when the flame transfers from the eseaping
gnses to the surface of the specinen and con-
tinues there.  Flashes which may occur in the
gaseous space prior to oblaining s sustained
flame shall be disregarded. ‘The time from tho
starting of the current until iguition shall be
recorded as the ignition time.

4.4 Distance of fiame travel. Immedi-
ately after iynition has occurred, 4.3, the elec-
trical supply to the spark plugs shall be turned

FED. TEST METHOD STD. N0, 228

off and the plugs shifted awsy from thoﬂamo.
The maximum distance which the flame trav-
ols along the surfsce of the specimen before ex-

tinction shall be measured from the top of the

heater coil and recorded as the distance which
the flame travels

45 Time required for self-extinction.
The time, in seconds, that the specimen con-
tinues to burn after the current is cut off in the
heater coil until the cessation of all flaming
shall be recorded as the time of self-extinction.

5. RESULTS

51 One specimen from each inspection unit
shall be tosted

611 The flammability of the inspection
unit shall be the results obtained from the speci-
men tested. T

52 ‘1f the results from one specimen fail to
mect the specified requirements, four additional
specimens shall be tested.

521 The Nammability of the inspection
unit shall be the avernge of the results obtained
from the five spocimens testod. .

53 The iime required for the ignition of
the inspaction unit shall be recorded to the
nearest sccond.

5.4 The timne required for sclf-extinction of
the inspection unit shall be recorded to the near-
est second.

§5 The distance the fiume travels along the
inspection unit shall be recorded to tho nearest
14 inch.

66 The time of hesting shall be recorded.

1718,
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RESISTANCE, ELECTRICAL, STEEL ARMOR

1. SCOPE
. 11 Hhis method is intended for use in deter.
mining the electrical resistance of stee! armor
of wire and enble.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at lenst 10 feet in length from
which any covering over the armor has been
removed.

3. APPARATUS

3.1 The apparatus shall be ns described in
method 6021,

4. PROCEDURE

41 If a Whentstone hridge is used. the re-
sistance of the leards connecting the hridee to
the spccimen shall be obtained with the leads
short-circnited on themselves and the results
subtracted from the measured resistancs of the
specimen.

4.1.1 If the tests are condncted with a XKel-
vin double bridge, hoth curreut and potential
leads shall be used. The current lends shall be
attachied in such manner as to give assured con-
tact with a clenned surface of the specimen, The
potential leads should be attached by encircling
clamips on the bared armor or to a binding of
fine copper wire wrapped tightly for several
turns about the bared armor.

4.12 The test shall be made by a method
using both current and potential leads if the
resistance is less than 1 ohm. Where potential
leads are used, the distance between ench lead
and the corresponding current lead shall be at
least three times the diameter over the armor.

42 The length of the specimen shall be
mensured to an accuracy of 0.2 percent by means
of the stecl scale and the value recordw! as Z.

43 The specimen between potential con-
ductors shall be connected to the testing instrn-
ment as described in 4.1.1. The specimen shall
not be tested while it is under tension. It may
be laid flat and straight on a clean dry surfnce
of materia] having low conductivity, such as
paper, wood, stone, or cement. The luborutory
temperature should be as near as practicable to

20° C. (68° F.). If alaboratory with tempera-
ture controtled at 20° C. is not available, the
specimen may be testad at room temperature,
The rpecimen shall be allowed to condition for
at least 2 hours before testing. It shall then be
niaintuined at the required potentinl for a pe-
riod of 1 minute and then the resistance meas-
ured and the value recorded in ohms as 2. At
this point the temperaturs of the surrounding
medium shall be recorded as T.

5. RESULTS

5.1 Calculation.

511 The resistance of the armor per 100
fect shall bo calculated as follows:

qullun&. ohms per 100 tec:t----i-z X 100

where !
R=1be resirtance of the specimen betwecn lends st
teat temperotare, ohms,
L=tbe length of the specimen between leads, fect
5.1.2 Resistance measurements made at tem-
peratures other than 20° C, shall be corrected to
2u° C. as folluws:

»
° L
Resirtance at 20° C,, chms TT0008% ¥ (T=%0)
where:
R=:the renistonce of the spevimen at test temper-
ature, chms .

T==thc tempernture of test, *C.
*Ne=the temuprerature eoefBelent of resintance of the
arwor metul relative to soft copper

*When ¥ s not known, the tast shall be conducted at
2 C

52 Unless othertise specified in the detail
specification, one specimen from each inspoc-
tion unit shall be tested.

63 The resistance of the armor of the in-
spection unit shall be the results obtained from
the specimen tested.

§3.1 When more than one specimen is tested
from each inspection unit, the resistance of the
armor shall be the average of the results ob-
tained from the specimen tested.

54 The resistance of the armor of the in-
spection unit in ohms per 100 feet shall be
recorded to the nesrest 1 percent.

FED, TEST METHOD STD. NO. 228
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RESISTANCE, ELECTRICAL, CONDUCTOR

1. SCOPE

1.1 This method is intended for use in deter-
mining the electrical resistance of solid and
stranded conductors of insulated wire and cable.
The conductor resistance test should be con-
ducted in the plant of the manufacturer of the
cable.

2. SPECIMEN

21 Factory test. The specimen shall con-
sist of one or more coils or reels of finished
insulated wire or cuble or an equal length of
insulated wire or cable taken after the vulcani-
zation process but before the brriding or finish-
ing operation.

22 Laboratory test. The specimen shall
be & piece of the inspection unit at least 36
inches in lengtl or an equal length of the bare
ronductor.

3. APPARATUS

3.1 The appnratus shall be as follows:

3.1.1 A swuitable d. c. rurrent source for the
resiztance monsrements,

312 L awitable bridge or potentiometer
with the accessory equipment necessary for tlie
mensurement of resistance with an accuracy of
0.2 percent. A Wheatstone bridge has been
found suitable for measuring resistances greater
than 1 ochm and a Kelvin double bridge for
measuring resistance less than 1 ohm.

3.13 Temperature mcasuring equipment
that will measure the temperature of the con-
ductor to within 0.5° C, (1° F.).

3.14 A atcel tape gradunted to 1§, inch or
finer or its decimal equivalent or other apparn-
tus which will measure the length of the speci-
men to an accuracy of 0.2 percent.

315 A nidtable container equipped with a
stirrer, in which the specimen muy be immersed
in water.

4. PROCEDURE

4.1 General.

4.1.1. If a Wheatstone bridge is used, the re-
sistunce of the leads connecting the bridge to
the specimen shall be obtained with the leads

short-circuited on themselves and the result sub-
tracted from the measured resistance of the
specimen.

412 If a Kelvin double bridge is used, both
current and potential leads shall be used. 'The
current lends shall be attached in such manner
ps to give assured contact with all the wires of
the conductor. The potential leads should be
attached by encircling clamps on the bared con-
ductor or to a binding of fine copper wire
wrapped tightly for several turns about the
bare conductor.

413 The test shall be made by a method
using both current and potential leads if the
resistance of the specimen is less than 1 ohm. ~
Where potential leads are used, the distance
between each lead and the corresponding cur-
rent lead shall be at least 3 times the diameter
of the conductor.

4.2 Factory test. The resistance of the
conductor shall be determined after completion
of the insulation resistance test, method 6031.

421 'The length of the specimen shall be
meastred to an accuracy of 0.2 percent and the
value recorded as Z.

4.22 The specimen shall be iinmersed in the
water bath for 12 hours, except that finished
cables having a lead or other metallic covering
need not be immersed in water. The ends of the
specimen shall be kept well above the surface
of the water. The wuter shall be stirred well
during the test in order to maintain a uniform
temperature throughout the bath. The speci-
mien shall be connected to the testing instrumnent
as desoribed in 4.1,

423 The resistance of the specimen shall
be mensured and the value recorded in ohms as
R after indications hiave become steady for not
less than 1 minute. The prevailing temperature
of the bath shall be measured to an accuracy of
0.5° C. and the value recorded as 7.

43 Laboratory test. The length of the
specimen between poteniial conductors shall be
measured to an accuracy of 0.2 percent and the

FED, TEST METHOD STD. NO. 228
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value recorded as L. If a Wheatstone bridge
is used for measurement, the length of the speci-
men shull not include the portion of the con-
ductor held between the jaws of the binding
posts. Ip order to avoid raising the tempera-
ture of the specimen above that of the surround-
ing medium (air or liquid bath), the magnitude
of the current shall be kept low and the time of
its flow through the conductor shall be kept
short to mininize the change in resistance due
to rise in temperature of the specimen. The
specimen shall be connected to the testing in-
strument as described in 4.1.

43.1 The resistance of the specimen shall
be measured and the value recorded in ohms as
R after indications have been steady for not less
than 1 minute. The ambient temperature shall
be measured to an accuracy of 0.5° C. and the
value recorded as 7.

5. RESULTS

5.1 Calculation.

5.1.1 The resistance of the conductor per
1,000 feet shall be calculated as follows:

Ttesistance, ohma per 1,000 feet-%x 1000
where:
R-«ihe resiviance of the specimen or the length of
specimen between potential conductors, ohms,
L=the length of the specimen or the length of speci-
men between potential conductors, feet.
5.1.2 Resistance measurements made at
temperatures other than 20° C, shall be cor-
rected to 20° C. as follows:

FED. TEST METHOD STD. NO. 228

Nesistance at 20° C., ohmss= 1+o.(!)3933N (T~20)

where:

R=the resistnnce of the specimen at the test temper-

ature, ohms.

T'=the¢ *empernture of the test, °C.

N=the temperature cvefficient of resistnnce of the

conductor relative to soft copper.  The follow-
Ing values of N shall be used:
Soft or anpealed copper—1.0000.
Medium-hard-drawn : Sizes 1/0 and larger—0.978.
Sinuller thao 1/10—0.068.
Hard-drawn: Sizes 1/0 and larger—0.9716.
Sizes smaller than 1/0—0.0816.

52 Factory test.

521 Unless otherwise specified in the detail
specific:.tion, the entire delivery of the wire or
cable shall be tested.

522 The resistance of the conductor of the
entire delivery in ohms per 1,000 feet shall be
recorded to the nearest 1 percent.

5.3 Laboratory test.

5.3.1 Unless otherwise specified in the detail
specification, one specimen from each inspection
unit shall be tested.

5.3.2 The resistance of the conductor of the
inspection unit shall be the result obtained from
the speci nen tested.

5.3.3 When more than one specimen is tested
from each inspection unit, the resistance of the
conductor shall be the average of the results
obtained from the specimens tested.

5.3.4 The resistance of the conductor of the
inspection unit in ohms per 1,000 feet shall be
recorded to the nearest 1 percent.

/4
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RESISTANCE, ELECTRICAL, | NSULATION

1. S8COPE

1.1 This method is intended for use in
determining the insulation resistance of
insulated wire and cable. The test should be
conducted after the voltage withstand test,
method 6111. The insulation resistance test
should be conducted under the supervision of the
inspector in the plant of the mamfacturer of
the wirs or cable.

2. SPECIMEN

2.1 Tha specimen shall consist of ooe or
more coils or reels of finished insulated wire
or cable or an squal length of insulated wire or
cable taken after the vuicanization process but .
before the braiding or finishing operation,

3. APPARATUS
3.1 The apparatus shall be as follows:

3. 1.1 A sujtable container, equipped with
stirrer, in which the specimen may be finmersed

€ wromm d
A WaLLT,

3.1.2 A standard resistance, scale, and
shunts of any suitable pattern.

3.1.3 A d.c. voltage source preferably a
battery of dry cells, that will supply a voltage
of not less than that specified in the detall
specilication or specification sheet.

3. 1.4 A suitable instrument for measuring
the resistance that will give an accuracy of
within 10 percent and a sensitivity of 1 percent
of tull scale defiection, :

3.1.4.1 A galvanometer of fairly high
sensitivity and having the following qualifications
has been found to meet the accuracy required.
The galvanometer constant shall he not Jess than
50, 000. The means for indicating the deflection
shall produce a sharply outlined indication on the
scale, and the deflection shall be not less than
100 divisions (measured from zero) when the
variable shunt has been set to determine the con-
stant of the galvanometer., The resistance of
the shunts and the calibrating resistor shall be
checked irom time to time.

3. 1.4.2 Any other suitable equipment
arranged to apply a voltage of not less than that
specified in the detail specification or specifica-
tion sheet.

3.1.8 Any apparatus that will measure the
length of the specimen to an accuracy of 0.2
percent. -

4. PROCEDURE

4.1 Unless otherwise spectiied in the detall
specification or specification sheet, the insuls-
tion resistance shall be determined on the same
specimen used for determining the voltage with-
stand method 6111, It is desirable that the test
be conducted immaediately {ollowing the voltage
withstand test. In any case the specimen shall
bs grounded and completely discharged before
the measurement of insulation resistance is made.

4. 2 Unless otherwise specified ip the detall
speclfication or specification sheets, the insula-
tion resistance shall be measured I minute after
the circuit is closed.

4.3 The test voltage shall be as specified in
the detail specification or specmcau_on sheet.

4.4 The insulation resistance test may be
made hafore the braiding or finishing operation
during manufacture, but not before any vulcaniz-
ing process. Single conductor cable shall be
tested between the conductor and water in which
it is immersed. Lead covered single conductor
cable shall be tested prior to application of the
lead sheath. lndividual conductors of a
multiple conductor cable shall be tested before
assembhly as described for single conductor
cable, After assembly, the multipie-conductor
cable shall be tested between a singie conductor
against all other conductors arranged in two or
more groups for testing; these tests may be
conductied withnut immersion or with immersjon
using the water as a ground. After covering, a
lead-covered cable ghall be tested between each
conductor and the lead sheath, or between each
conductor and its contiguous conductors and to
the sheath, without immersion,

4.5 The specimen shall be immersed in
water for a period of at least 12 hours before
application of the potential, Unless otherwise
specilied in the detall specification or specifica-
tion sheet, tap water will be used, The water
in which the specimen is tested while immersed,
as well as the lead covered and multiple con-
ductor cable, shall be at & temperature between
10° anct 27° C for at least 30 minutes before the
test. The ends of the specimen shall be kept
well above the surtace of the water and the
covering removed {rom the surface of the
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insulation for several inches at each end in order
to reduce surface leakage. The ends of the speci-
men shall be dipped into meited paraffin or other
satisfactory material to minimize the etfect of
moisture in reducing insulation resistance be-
tween the covering and conductor. The water in
the bath shall be stirred well to maintain a
uniform temperature throughout the bath during the
test. The specimen shall be assembled in the test
circuit as described in 4. 6. .

4,6 The test instruments shall be mmounted
80 that they will be reasonably free from vibra-
tion and will not be affected adversely by lucal
comditions, A typical test circuit, as shown in
figure 8031, shall consist of a grounded galvano-
meter with Ayrton shunt in series with a suitable
switch, a known resistance, and a battery with
the negative terminal connected to one end of- the
conductor of the specimen. The circuit shall be
completed through the water electrode or metallic
sheath which shall be grounded.

* 4,7 The galvanometer constant K shall be de
determined with the battery lead C connected to
ground at A. The gilvanometer shunt constant
is defined as the vialue of resistance required in

series with the galvanometer to produce a galva-
nometer scale deflection of one scale divisicn,
either with no shunt or for shunt constant equal
to unity and the value of voltage equal to that
required in 4.3, (I paragraphs 4.8 and § the
constants § and s for shunt tap settings arv as-
sumed to be the ratio of the tapped resistance

to the total resistance of the shunt (Ayrton type)
normally connstted across the galvanometer
terminal. ) .

4.8 To allow for any leakage current to
ground from the battery, instrumeats, and all
connections, the galvanometer deflectioa rad
corresponding shunt constant s ahall be re-
corded with the connection between the battery
lead C and eithar the specimenor ground open.
The galvanomater deflection and shunt coastant :
5, {or the insulation resistance of the gpecimen,
shall then be recorded with the battary lsad C
connected to one end of the conductor of the
specimen at point B, The galvanometer deflec-
tion shall be recorded after an electrification
period of 1 mimute, ln the case of a siagle coil
where the deflection is small and is decreasing,
the galvanometer scale reading may be taken
at the end of 15 seconds.

GALVANOMETER

FIGURE 6031

FED. TEST METHOD STD. NO. 228
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$5. RESULTS 5.1.2 Unless otherwise specified in the detall
specification or specification sheet, the tempera-

5.1 Calculation, S ture correction factor shall be as shown in table L
I the measurement is made at a temperature

S.1.1 The resistance of the insulation per other than 13,8° Cy the mamfacturer shall cor-

1, 000 feet shall be calculated as follows: rect the measured value of insulation resistance
to the resistance at 15,6° C, I the insulation
- KLF resistance 15 equal to or greater than that
- R = 1560 (DS - ds) required when the measurement is made at a

temperature greater than 15.6° C, no correction
factor need be employed. The manufacturer

where:
R = the resistance of the insulation in megohms shall demonstrate that the correction factor is
for 1, 000 feet, accurate for his compound,
K » the galvanometer constant as described
ind.7. 5.2 Unless otherwise specified in the
L = the length of specimen in feet. detall specification or specification sheet, the
D = the galvanometer scale deflection in entire delivery of the wire or cable shall be
divisions for the specimen, . tested.
d = the galvanometer scale deflection in
divisions for the leakage reading. 5.3 The insulation resistance in megohms
S = the shunt constant for the deflection per 1, 000 feet shall be recorded (o the nearest
observed for the specimen reading. 10 percent, ,
s = the shunt constant for the deflection )
observed for the leakage reading. 5.4 The st voltage and time of application
F = the temperature correction factor (table L ). shall be recurded,
TABLE L
Temperature i Correctiun tactor
. B ; .
*F | ¢ , Types R, Tspes T, y Typc RH
J{ RW i_ T™W :
50 10.0 '1 0. 60 ! 0.79 0.3
1 " 10.6 0. 83 i 0, 8} : 0.16
$2 11,1 0. 67 ! 0.82 ' 0.78
53 11.17 0.7 I 0. 84 : 0. 80
54 12,2 0.75 . 0. 86 © 0 .0.83
55 12,8 0.79 0. 88 . 0. 80
56 13.3 0.82 ; 0. 80 : 0. 88
57 13.9 0, 86 K 0. 92 0. 91
58 14.4 0. 90 : 0. 95 . 0.94
L1} 15.0 0. 95 i 0,97 0. 97
80 | 15.6 1.00 | 1.00 . 1,00
81 1 16,1 1.05 : 1.03 ' 1.03
62 U (1) i 1.10 i 1. 06 . 1.07
63 - 172 1.18 | 1.10 ¢ L.10
64 i 17.8 1,22 i 1.14 ' .13
85 | 18.3 1.28 ' 1.19 : .17
66 . 18,9 1.9 1.23 | 120
67 i 19.4 1.41 .27 ; 1.24
68 P20.0 | 1,48 1.33 i 128
6o | 20.6 : 1.85 ‘ 1.39 i 1.32
70 3 W | 1.6 1.46 i 1.36
n YW | 1.mM 1.55 | 1.40
72 | 22,2 1.80 ! 1.67 P 1.45
73 22.8 i 1,88 . 1.78 ' 1.50
74 23.3 | 1.98 ! 1,91 ' 1.55
15 23.9 , 2,08 2.06 ! 1.59
76 ;24,4 ;218 .23 i 1.64
28,0 2.28 2.9 i 1,68
78 - 25,6 I 2.40 2.56 ' 1.75
79 . 26.1 ‘ 2.52 2.75 1.80
80 © 26,7 ; 2.85 l 2.93 1.86

3 FED. TEST METHOD STD. NO. 228
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SURFACE RESISTANCE, FINISHED WIRE AND CABLE

1. SCOPE

1.1 This method 18 intended for use in
determining the surface resistance of the

"wire or cable. This test is not required for

shielded wire.
2. SPECIMEN

2.1 The specimen shall conajst of a 6-inch
length of {inished wire or cable, In the sampling
operation and subsequently until completion of
the test, this specimen shall be handled with
maximum care to avoid even the slightest
contamination, especially with regard to the
surface area which will be under test. I
cleaning of the specimen is appropriate, it
shall be cleaned by a distilled water wash,
followed by an isopropy! alcoho! wash and a
second distilled water rinse, dried carefully
in an alr oven, and handled subsequently with
maximum carc as previously directed,

3. APPARATUS
3.1 The apparatus shall be as follows:

2.1.1 A test chamber capablc of maintaining
a temperature of 25° : 1° C and an internal
relative humidity of 85 1+ 4 percent. A recom-
mended chamber may be formed from a tightly-
covered rectangular glass vessel containing an
ampl e reservoir of saturated aqueous ‘solution
of chemically pure potassium sulphste (see
ASTM E 104).. The chamber ghould be
instruinented to measure the relative humidity
within the chamber, with the humidity indication
visible {from outside the chamber, All instru-
mentation through-leads into the chamber should
be suitably protected where they enter the
chamber, to prevent introduction of any error
in the specimen measurements, The electrical
resistance of the chanmber measured across
each pair of lead wires with no specimens in
place, shall be not less than 1 million megohms,
This measurement should be made after the
chamber has been closed and conditioned for
98 hours at 95 2 4 percent relative humidity and
a temperature of 25 2 1° C,

3.1.2 A d.c. voltage source preferably a
btattery of dry cells, that will supply a voltage of
not less than 200 nor more than 500 volts.

3.1.3 A standard resistance scale, and
shunts of any suitable pattern,

3.1.4 A suitable instrument for measuring
the current that will give an accuracy of within
10 percent and a sensitivity of 1 percent of full
scale deflection.

3.1.5 Argalvanometer, of fairly high sensitiv-
ity and having the following qualifications, has been
found to meet the accuracy required. The gal-
vanometer constant shall be not less than 50, 000.
The means for indicating the deflection shall pro-
duce & sharply outlined Indication on the scale, and
the deflection shall benot less than 100divisions
(measured from zero) when the varisble shunt has
been set to determine the constant of the galvano~-
meter. The resistance of the shunts and the
ullbnung resistor shall be checked from time
t time,

4. PROCEDURE

4.1 The 8-inch specimen shall be provided,
near its center, with two electrudes spaced 1,0
inch apart between their nearest edges, Each
slectrode shall be composed of several turns of
fine (AWG 27 or Hiner) tin-coated copper wire,
wrapped smugly around the circumference of the
specimen, leaving a free end of the fine wire of
sufficient length for soldering to electrical lead
wires, With the specimen and electrodes thus
prepared, the electrodes shall be soldered to
lead wires in the test chamber, the test chamber
shall be closed, and the test assembly shall be
conditioned for 96 hours at the specified relative
humidity and temperature. The surface resist-
ance between the electrodes shall be measured
with a d, c. potential of not iess than 200 voulls
nor more than 500 volts, while the specimen s
still within the test chamber, by noting the
potential and lealnge current after 1 minute elec-
trification. No temperature correction factor
shall be applied. The suriace resistance com-
puted hy multiplying the applied d. c. voltage by
the measured overall diameter of the specimen
in inches and dividing by the leakage current in
microamperes, shall be not less than that .
specified in the detall specilication of specification.
sheet, PFollowing the initlal resistance measure-
ment, = 2,500-volt (rms), 60 cycle potential shall
be applied between slectrodes for 1 mimte, There
shall be no evidence of distress such as arcing,
smoking, burning, flashover, or dislectric
failures. After a discharge interval of 18 to 20
minutes, following the potential test, the surface
resistance shall be remeasured and shall be not
less than that specified in the detail specification
or specification sheet,

S. RESULTS

8.1 Unless otherwise spacified in the detail
specitication or specification sheet, one specimen
from each inspection unit shall be tested.

5.2 The d.c. potential and leakage current
shall be recorded.

8.3 The surface resistance value and the re-

" measured surface-resistance value shall be

recorded.
FED. TEST METHOD STD. NO. 228
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VOLTAGE WITHSTAND, INSULATED WIRE AND CABLE

1. SCOPE

1.1 This mnethod is Intended for use in
determining whether the insulation over a metal-
lic conductor will withstand a specified voltage
without rupture, The voltage withstand test
should be conducted under the supervision of an
inspector in the plant of the mamufacturer of the
cable.

2. SPECIMEN

2. 1 The specimen shall connist of one or
more coils or reels of [inished insulated wire
or cable or an equal length of insulated wire or
cable taken after the vulcanization process but
before the braiding or finishing operation.

3. APPARATUS
3.1 The apparatus shall be a8 follows:

3.1.1 A suitable container equipped with
stirrer in which the specimen may be imnersed
in water,

3. 1.2 A suitable grounding electrode or the
equivalent {(which way be the surluce of a tank i

metal and not insulated from the water).

3.1.3 A circuit-breaker and a suitable means
for indicating the current flow in the test circuit.

3. 1.4 A sultable source of power of nut less
than S KVA, having a [requency not greater than
100 and nnt less than 25 cycles per second and a
testing transformer, the output voltage of which
can be adjusted and which shall provide a test
voltage having a wave form approximating a sine
curve as closely as possible,

3.1.5 A suitable means for measuring the
secondary or high voltage side of the transforiner
such as a tertiary coll and voltmeter, an electro-
static voltmeter, or a poteatial transformer with
suitable low-voltage indicator,

3.1.8 The assembled apparatus shall be such
that the capacity of the test circuit supply will
be adequate to maintain the required test voltage
without overheating the testing equipment.

.

4. PROCEDURE

4.1 The voltage withstand test shall he
conducted on the specimen before the insulation
resistance test, method 6031.

4.2 The test voltage shall be as specified
in the detail specification or specification sheet,

4.3 Uniesa otherwise specified in the detall
spectlication or specification sheet, the test
voltage shall be applied for a period of | minute
fror the time the speclfied voltage has heen
reached.

4.4 The test voltayge shall have a frequency
nut greater than 100 nor less than 25 cycles and
shall have a wave form approximating a sine
curve as closely as possible. :

4.5 The voltage withstand test may be made
before the braiding or finishing cnerauon during
mamufacture, but mot befuore any . ..mzing .
process. Single conductor cable snall be tested
between the conductor and water in which it is
immersed. Lead-covered single-conductor cable
shall be tested prior to the application of the lead
sheath, Individual conductors of a multiple-
conductor cable shall be tested hefore assembly
as described for single conductor cable. After
assembly, the multiple-conductor cable shall be
tested hetween a single conductor against all
other conductors or arranged in two or more
groups for testing; these tests may be conducted
without immersion ur with 1mmersion vsiny the
water as a ground, After covering, a lead
cavered cable ghall be tosted between each con-
ductur and the lead sheath, or between each
conductor aud its contiguous conductors and to the
sheath, withoul immersion,

4. € ‘The specimen shall he immersed in
water for a perind of at Jeast 12 hours befure
the application of the potential. Unless otherwise
specified in the detail specilication or specification
sheet, tap water will be used. The water in which
the specimen is tesled while inmmersed, as well
us the lead-covered and multiple-couductor cable,
shall be al a tenperature of between 10° and 27°C
for at least 30 minutes before the test, No cor-
rection {uctor fur temperature is to be applied,
The cnris of the specimen shall be kept well abuve
the surlace of the waler and the covering removed
from the surface of the insvlation for several
tnches at each end in vrder to reduce surface
leakage, IU the insulalion resistance of the speci-
men is to be measured alter voltage withstand
test, the ends of the specimen shall be dipped into
melted paraffin or other satsfactory material to
minimize the elfect of moisture inreducing insula-
tion resistance between the covering and conduc-
tor. The water in the bath shall be stirred to
maintain a uniform temperature throughout the
bath furing the test,

4.7 Starting at zero, Lhe applied voltage shall
be increased gradually until the required test
value is reached or until breakdown occurs. The
applied voltage shall be increased as uniformlyas

FED. TEST METHOD STD. NO. 228
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possible so that 100 percent of the rated voltage
of the specimen is reached in not less than 10
seconds and not niore than 80 seconds, Failure
can usually be determined by a sudden current -
increase and may be indicated by the tripping of
a circuit-breaker in series with the test coil, or
by other means. It imnay also be indicated by a
flash at the point on the specimen where break-
down occurs. If other means fail, the insulation
resistance readings described in method 8031
will detect the voltage withstand failure.

S. RESULTS

FeD. TEST METHOD STD. KO, 228

5.1 Unless otherwise specified in the detail
specification or specification sheet, the entire
delivery of the wire or cable shall be tested.

5.2 Whether the insulation of the entire
delivery withstood the specified test vultage
without fajlure shall be recorded.

5.3 The test voltage and time of application
shall be recorded.

)
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VOLTAGE WITHSTAND, INSULATION, FLEXING

1. SCOPE

1.1 This method is intended for usc in deter-
mining the ability of insulated wire or cable
to withstand a limited amount of flexing with-
out brenkdown of the insulation. It is particu-
larly applicuble to varnished cloth insulated
wire and cable with or without metallic
coverings.

2. SPECIMEN

21 The specimen shall be & piece of the in-
gpection unit at least 13 feet in length.

3. APPARATUS \

&1 The apparatus shall consist of a mandrel
of the size specified in the detail s]mmmtlon

4. PROCEDURE

4.1 The test voltage and the period of hme
of its application shall he ns specified in tho
detail specification.

4.2 Any covering shall be remored from the
surface of the insnlation of a single ~onductor
specitnen for a distance of abont 1 inch from
each ond. The ends shall be dipped into melted
paraflin or other suitable material to minimize
the cffect of moisture in reducing insulation re-
sistance bat ween the covering and the conductor.
In the case of multiple-conductor cable the con-
ductors shall be separnted at each end of the
speciinen and the ends treated as described for
single-conductor cable. In the case of lead-
covered cable the lead shall be stripped back for
a distance of 8 or 4 inches at each end of the
specimen.

43 A segment of length of the spacimen
shall be bent through an arc of 180° arvund s

mandrel the required diameter. The same seg-
ment of tho rpecinen shall be strrightened and
hent throngh a 180° arc in the opposite direc-
tion. The specimen shall be straightened again
and the double bend cycle repeatod, making a
total of 4 hends of the snme segment. The speci-
men shall be so held that rotation about the
length axis of the segment does not occur during
the bending operation. After the final bending
operntion the specimen shall be left in the bent
position. The entire bent portion of the speci-
wen plus an additional 20 percent of the length
of the unbent port.lon boyond esch end of the
arv hall be wrapped in metal foil or other suit-
able conducting material “(except when lead
sheathed).”

4.1 The bent specimen shall be subjected to
the voltage withstand test as described in
method 6111,

4.5 A flat (win cable shall be bent on the
minor axis of its croas section only.

S. RESULTS

3.1 Unless otherwise specifisd in the detail
specification, one specimen lmm each inspection
unit shall be tested.

S2 Whether the insulation of the specimen
withstood the specified test voltage without fail-
ure shall be recorded.

* 83 Tho volinge withstand of the insulation
of the inspection unit shall be the result ob-
tained from the specimen tested.

S84 The test voltage, time of application,
and size of mnndrel used shall be recorded.

FED. TEST RETHOD STD. n0. 228
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VOLTAGE WITHSTAND, INSULATION, FLEXING, LOW
TEMPERATURE

1. SCOPE

1.1 This method is intended for use in deter-
mining the ability of insulated wire and cable
to withstand s limited amount of flexing at low
temperature without breakdown of the insula-
tion. It is particularly applicable to varnished
cloth and rubber insulated wire and cable.

2. SPECIMEN

2.1 The specimen shall be a piece of the in-
spection unit at Jeast 18 feot in length.

3. APPARATUS

8.1 The apparatus shall be as follows:

3.1.1 A4 mandrel having the dismeter indi-
cated in tuble 1.

TasLr 1
Mandrel diameter as multiple
of over-all eablo diameter
'ghlckni-l olt elou-
uct ir insulation 3
(64ths inch) Ugr:?“i?ol'gl’o dm::lr wil
conductor T:d l::,'::
10to 12, v 8 10
136020, .cccuacen... 10 12
20 andover......... 12 12

312 A cold chamber as a refrigerator or
other equipment capable of maintaining the
specimens ut the required temperature within
=2° C. (4° F.).

4. PROCEDURE

4.1 TUnless otherwise specified in the detail
specification, the specimen shall be subjected to
s tamperature of —12°x2° C. (14*=4°F.) for
a period of not lees than 5 hours.

4.2 Unless otherwise specified in the detail
specification, the test voltage shall be applied
for a period of 2 hours from the tire the speci-
fied voltage is reached.

43 The test voltage shall be as specified in
the detail specilication.

44 Any covering shall be removed from the
surface of the insulation of a single-conductor
cable specimen for & distance of about 1 inch

from each end. The ends ghall be dipped into
melted paraffin or other suitable material to
minimize the effect of moisture in reducing in-
sulation resistance between the covering and the
conductors. In the case of multiple-conductor
cable the condnctors shall be separated at each
end of the specimen and the ends treated as de-
scribed for single-conductor cable. In the case
of lead-covered cable the lead shall be stripped
back for a distance of 8 or 4 inches at each end
of the specimen. The specimen shall be placed
in the Jow tempernture chamber at the required
tainperature for the required period of time.

45 Immediately after the end of this period,
the specimen shall be removed from the low
temperature chammber and a sczment of its
length bhent through an arc of 180° around a
mandre! of the size required in table I. It shall
bo straightened and the same segment bent 180°
in the opposite direction around the mandrel.
The specinen chall be bent ut a uniform rate so
that the time of bending shall not exceed (.5
minute. The specimen shall be held so that
rotation nbout the length axis of the scyment
does not ocenr during the bonding operation.

4.8 Immediately after the sccond bending,
the bent specimen ghall be subjected to the volt-
age withatand test as described in mathod 6111,

47 A flat twin cable shall be bent on the
minor axis of its cross section only. The minor
diameter shall be used in arriving at the size of
the mandrel. '

§. RESULTS

5.1 Unless otherwise specified in the detail
specification, one speciimen from each inspection
unit shall be tested.

8.2 Whether the insulation of the spocirmen
withstood the specificd test voltage without fail-
ure shall be recorded.

83 The voltage withstand of the insulation
of the inspection unit shall be the result obtained
from the speciinen tested.

5.4 The test voltage, temperature, and time
of exposure shall be recorded.

FED. TEST METHOD STD. NO, 22¢
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INSULATION DEFECTS, SPARK TEST

1. SCOPE

1.1 ‘This method is intended for uso in de-
tecting defects in the insulation of insulated
wires and cables. Dresence of a weak spot in
the iusulation resnlts in a breakdown at that
spot. When breakdown occurs, the spark test
equipment is arranged to either automatically
stop the coiling equipinent or produce a visible
or aundible signal. From the manufacturer’s
viewpoint this method is preferred to the im-
mersion test method as it constitutes a con-
tinuous test that can be used at any time ufter
vulcanization of the insulation. 1t i in effect,
instantanoous, whereas the stanidard voltage
withstand test and insulation resistance test re-
qnire the immersion of the wire in water for a
minimum period of 12 hours. It is not intended
that the spark test comnpletely replace the volt-
oro withstand test and insulation resistance
test. The method is applicable to single eon-
dnetor wire or cable size No. 6 AWG wrd
smaller.

2. SPECIMEN

2.1 TUnless otherwise specified, the specimen
shall be the entire length of wire or eable offered
for inspection.

3. APPARATUS

3.1 The apparatus chall be as follows:

3.L1 Spark teater.

3.L1L1 A transformer of suflicient eapacity
to mmintain the test voltage specified in the
detail specification under all normal conditions
of lenkage current.

31.LL1 The core of the transformer and nne
and of the secondary winding hall be connected
to ground.

3.1.12 A voltmeter shall be 80 loented in the
circuit that it will indicate at all times the
actual test voltage applied. -

3.L13 The spark tester shall not be simul-
taneously connected to more than one clectrodo
described in 8.1.2.

312 Flectrode.

3.121 An electrode which malkes direct me-

chaniea] contact with the surfoce of the insula-
tion of the wire or cable nndergoing test. A
pipe, coiled spring, or the like shnll not be
scceptable.

8122 If the link or bead-chain type of clec-
trode is used, the bottorn of the metal eloctrode
enclosure shall be V-ghaped. The chains shall
have a length appreciably greater than the
depth of the enclosure. The width of the
trough shall be approximately 114 inches
greater than the diameter of the largest wire or
cable to be tested.

3.123 If s bead-clinin type of clectrode is
used, the heads shall have a liameter of ¥4
inch. The longitudinal spacing of the chains
shall be nnt more than 14 inch. The trans-
verse spacing of the chains shall be not more.
than % inch, except that the spacing may be

© ¥ inch if the trunsverse rows of chain nre stag-

gered.
3.L24 The electrode shall be yrovided with
& grountled motallic ecreen nr the equivalent
a8 o guard against contact by personnel,
2125 The length of clectrode shall be suffi-

- cient to meet the requirements in 4.3.

313 Fanlt signaling device.

3131 A fault sienaling device or system
shall include a visible aignal, a defect recording
device, and/or an automatic stop deviee.  The

arrangsement shall be such that when the fault
shymal is given, it will be maintained until man-

unlly reset.

4. PROCEDURE

4.1 The spark trst ghall be conducted as near
the end of the manufacturing process ns is prac-
ticuble, preferably as the wire or cable is being
cot into shipping lengths.

4.2 The test voltnye shall be s specified in
the dotail specification.

43 The specimen shall be attached to the
electrode and the clectrode connectod to one
Jend of the tronsformer secondary. Doth ends
of the conductor of the speciinen, the other sec-
ondary lead, and the transfornier core shal: be

FED. TEST METHOD STD. NO, 228
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grounded. A direct connection shall be made
betweer ¢+¢ ground of the conductor at the take-
np end and the transformer secondary ground
The voltmeter located in the circuit shall indi-
cate the cest potentisl at all times during the
test. The speed of the specimen through the
slectrode shal be adjusted so that contact be-
tween the electrode and any point on the in-
sulation of the specimen will be maintained for
at least 0.15 sscond. This rate limita the speed

FED. TEST METHOD STD. NO. 228

of the specimen travel to & maximum of 8314
fest per minute per inch of electrode length.

8. RESULTS :

8.1 Unless otherwise apecified in the detail
specificntion, the entire delivcry of the wire or
cible ahiall be tested.

5.2 Whether the insulation of the entire de-
livery withstood the specified test voltage with-
out failure shall be recorded.

53 The test voltage shall be recorded.
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DIELECTRIC STRENGTH, CLOTH AND TAPE

1. SCOPE

11 Thismethod is intended for use in deter-
mining the average volinge per unit of thickness
that an insulating cloth or tape will withstand

without breakdown. It is particularly applica--

hie to varnished cloth or tape.

2, SPECIMEN

2.1 The specimen shall be a pieco of the
varnished cloth approximately 2 feet in length
taken from s single tape (layer) of the inspec-
tion unit.

3. APPARATUS -

3.1 The apparatus shall be as follows:

3.1.1 A tranxformer with an adjustable out-
put voltage supplied by a source having a fre-
queney of 25 to 100 evcles (preferably 60 cycles)
and a wave forin approximating a sine curve
as closely as possible.

3.12 A et of brass or ropper eleetrodes 14
inch in diwmctor, The electrodes shall be
rounded toa radins of Y4, inch and finished with
a iiat polished coniact surface. They shall be
self-aligning and mounted exactly opposite ench

‘other 80 as to prevent any surface burning of the
tape or flashovers. The electrodes shall be clean
and polished.

3.13 Clamps and bdlocks of insulating ma-
terinls fu. husding Lise specimen,

4. PROCEDURE

4.1 Approximately 2 feet of each tape layer
shall be reinoved from the inspection unit. Un-
less otherwise specified in the detail specificu-
tion, 10 percent of the tapes but not less than
five tapies shall be drawn at random for test.

42 ‘The specimen shall be conditioned for 48
hours at 1 temperature of 23°x1° C. (73.5°=2°
F.) and a relative humidity of 504 percent.

43 The edges of the specimen shall be
clamped between blocks of insulating materials
under & pressure of approximately 100 pounds
per square inch to prevent fAashovers occurring
before puncture. Starting at zero, the voltage
shall be incrensed uniformly to breakdown at &

rate of 500 volts per second, except that if hreak-
down occurs at this rate in less than 40 seconds,
the volinge rate shall bo decrrased so that the
breakdown will require at least 40 seconds. 1
the nmaterial fails at less than 5 kilovolts, the
minimum time shall be reduced from 40 to 20
seconds. The brenkdown voltage shall be meas-
ured to the nearest 50 volts and the value re-
corded as V. Five tests equally spaced along
the length at the center of the specimen shall be
made. _

4.4 The thickness of the spocimen shall be
measured ns described in method 1051 except
that one thickness measurecment shall be made
near each puneture insucha way as to represent
as closely ns possible the thickness at the point
of puncture and the value recorded as T

5. RESULTS

5.1 Caleulation. The diclectric strength
oi vloth or tape at the point meesured shall be
cnleulated as folliws:

,I
Nislantrie stranstly valte nne mll-,—

where :

'=(br puncinring voltazes nt the point measured,
vt

7=the thickness near the point of puncture, miln

82 Unless otherwiso specified in the detail
specification, one pacimen from each inspection
nnit shall be tested,

53 The average breakdown voltage of the
tupe shall be the average of the five tests made
on the specimen.

53.1 When more than ane specimen is tosted
from each inspection unit, the avernge brenk-
down voltagre of the cloth or tape shall be the
average of the results obtained from the speci-
mens tested, )

54 The minimum breakdown voltage of the
cloth or tape shall be the smallest of all the
values avernged in determining the sverage
breakdown voltage, 5.3.

- 55 The average and minimum dielectric
strength of each tape tested shall be recorded
to the nearest 50 volts per mil of thickness.

FED. TEST METHOD STD. NO. 228
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CAPACITANCE CHANGE WITH TIME IN WATER

1. SCOPE

1.1 This methed is intended for use in deter-
mining the cffect of moisture on moisture-
resistant insnlation due to immersion in water
for varying perids of time Ly measuring the
changea in the dielectric constant of the insu-
Intion,

2. SPECIMEN

21 Thesperimen shall be a 15-foot length of
the inspection unit from which any covering
over the insnlation has been removed; or the
fpeciinen may be taken after vuleanization and
prior to the application of any covering.

3. APPARATUS

3.1 The apparatus shall be as follows:

3.1 A evnitabls panncitoncs Bride The
bridge shall be capable ol jewving the
capacitance with a limit of error of 1 micromi-
crofarad. It shall be capable of measuring the
eapacitance of a specimen one side of which is
gronnded.  Provicions shall be made for con-
necting and disconnecting the specimen at the
specimen end of the leads conncecting thoe speci-
men to the bridge.

3.3.2 4 wate= bath in which the specimen
can bo nnumersed.

4. PROCEDURE

4.1 TUnless otherwise specified in tho detail
specification, the specimen shall he immersed
in water at room temperature not less than £1°
C. (70° F.) {i r a perind of 14 duys.

42 TUnless otherwise speeificd in the detail
specifieatinn, readings schall be taken nfter 22,
166, and 334 hours of immersion in water at
roon: temiperatire not less than 21° C. (70° F),

" 43 The diameter of the speciinen over the
insulation and over the ennductor shall be deter-
mined as describmd in method 1011 and the
value recorded as /) and dJ respectively. The
middle 10 feet of the specimen shall be inn-
mersed in distilled water for the required

period of time, A 2.5-font portion of each end
of the specimen shall be kept well sbove the
81 1'fuce of the water us Jeaknge insulution. The
copacitanee of the insulation shall be deter-
mined at a frequency of either 1,000 or 60 cycles,
using a suitabie capacitance bridge. The volt-
age impressed upon the conductor shall be suf-
ficient to give the required sensitivity of meas-
urenient, escept that the impressed voltage on
the conductor shall not be greater than 40 volts
per mil of insulation thickness. The specimen
shall bo immersed to.the ame depth and the
temperature of the watar batlh shall be the sanie
nt the tiwe reardings are taken after each in-
mersion period. '

§. RESULTS

f.1 Calculation. The diclectrie constant
(K) of the insviation shall be ealeulated after
each immersion period as follows:

Kw=18.600 C Logu N/d
wbere:
Cmstha cannritanca in micrnfarpds of ths immersed
10 feet of the apecimen

De==the diameter over the jnsulation, inches

d=the diameter over the conductor, Juch

52 Unless otherwise specified in the detail
specification, one specimen from each inspection
unit shall be tested.

53 The eapucitance change of the insulation
of the inspection unit shall be the result ob-
tained from the specimen tested.

53.1 When more than one specimen is tested
from ench inspection unit, the capacitance
change of the insulution of the inspection unit
ghall be the nverage of the resuits obtained
from the specimens tested.

5.4 The caparitance change of the insnlation
of the inspection unit shall be recorded to the
nearest (.1 percent.

6.5 The temperature and time of immersion
shall be rocorded.

FED. TEST METHOD STD. NO. 228
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CHEMICAL TESTS; GENERAL

1. SCOPE

1.1 This section describes various chemical
test methods for insulated wire and cable.
Methods are described for the determination of
resistance of coverings to acids and alkalies,
armor and conductor coatings, mineral content
of coverings, composition of lend coverings, and
the qualitative identification of elastomers in
insulation and sheath. The qualitative methods
include tests for natural rubber for the purpose
of a more positive identification.

2. SPECIMEN

2.1 Preparation of specimens of insula-
tion and sheath for gqualitative tests. Three-
or four-gram portions of the insulation or
sheath shall be taken at different places on each
mspection unit in the sample. Each portion
shall be cleaned of any adhering material and
ground by passing three or four times through
& clean cold laboratory rubber mixing mill with
the rolls set close. A total of at least 15 grusns
of the ground material shall be prepared for
the qualitative tests. Specimens shall be taken
from this composite sunple for use in the vari-
ous qualitative tests described in method 7251.

2.1.1 If the uniformity of the composition
of the insulation or sheath of the sample is in
doubt, n ground portion from each inspection
unit shall be prepared separately and tested.

22 Specimens for tho other chemical tests
shall be taken from the inspection unit and pre-
pared for tests as described in the individual
test method.

3. APPARATUS AND REAGENTS

- 3.1 The following general laboratory ap-
paratus and reagents shall be available. Special
apparatus and reagents are described in the in-
dividual methods.

3.1.1 Apparatus.

3.1.12 Analytical balance and weights.

3.1.1.3 Baths, water, steam.

3.1.14 Beakers.

3.1.15 Burners, gas.

3.1.1.6 Burcttes. :

3117 Cheese cloth or other wiping cloth.

3.1.1.8 Crucible tongs.

3.1.19 Dericcators.

3.1.1.10 Drying oven, ventilated.

3.1.111 Filter paper.

3.1.112 Flasks, Erlenmeyer, suction, etc.

3.1.1.13  Furnace, muffle.

3.1.1.14 Graduate cylinders.

3.1.115 Hot plate.

3.1.1.16 Laboratory mill.

LLLT Pinetiee

3.1.1.1.8 Tlhermometcrs.

3.1.2 Reagents.

3.12.1 Aretone.

3.122 Alecohol, ethyl, methyl.

3123 Ammonium Lydrozide, ap. gr. 0.90.
3124 Carbon tetruchloride.

3.12.5 Chloroform.

3.1.26 Distilled water.

3.127 Lther

3.1.28 Hydrorkloric acid, sp. gr. 1.19
3.1.29 Nitric acid, sp. gr. 1.43.

3.1.2.10 Sodium hydrozide.

3.1.211. Sulfuric acid, sp. gr. 1.83.

FED. TEST METHOD STD. NO. 228
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RESISTANCE TO ACID AND ALKALI

1. SCOPE

1.1 This method is intended for use in deter-
mining the resistance of the fibrons covering
and armor on insulated wire and cable to acids
and nlkalies. It is applicable to single and
multiple conductor cable with non-metallic
armor and a saturated fibrous over-all covering.

2. SPECIMEN

21 The specimen shall be & piece of the in-
spection unit 12 inches in length. '

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

311 Balance accurate to 10 milligrams,

312 Glars container of suffivient size for
complete immersion of the specimen.

313 Glass framewcork or other drvice for
supporting specimens so as to prevent them
from touching each other or the surface of the
container.

‘313 Water bath, equipped with cover,
capable ot mamammg the specimen at the
required feinperature within =0.5° C. (1° F.).

38.15 Acetic acid, 5 percent solution by
volunie,

3.1.6 (Mueivm hydrozide, saturated solution.

31T Sewtrem nydraxide. N solution.

A18  Swiphurie acid, b percent solution by
volume,

4. PROCEDURE

4.1 Unless otherwise specified in the detail
specifiention, the following solutions shall be
usedl. for immersion of the spevimen:

(a) Normal silinm hiydeogide solution,

(5) Saturated ealeivm hyvdroxide solution.

(¢) Sulphuric acid. 5 percent solution hy vol-
ume.

() Aretic acid, i percent solntion by volums,

42 Unless othorwise specificd in the detail
specification, the specinen shall e subjected to
n temperninre of 22°21° C, (72°=2° F.) fora
periedd of 4614 hour.

43 The contents of the immersion vessel
shall be restricted to specimens known to be of
the sume composition.

44 The specimen shall be free from mechun-
ienl dumage and shall not be bent or flexed until

it has reached room tempernture. Handling

and flexing of the specimen shall be reduced to
A minimumn necessary in carrying out the test.
The ends of the specimen ghall be senled for a
distance of about 14 inch by dipping in melted
paraffin, asphalt, or other satisfactory senling
medium. The specimen shall be dried 46 howrs
or to o constant weight, whichever is quicker, in
a desiceator over anhydrous calcium chloride at
room tempernture. The specimen shull then be
removed from the desiccator, weighed wilthin 3
minutes to the nearest 10 milligrams, and the
weight recorded as W,. Four specimens shall
be prepared and-one immersed in each of the
solutions specified in 4.1,

45 The specimen shall be placed in the im-
mersion vessel and completely surrounded with
the solution in such a inanner that the solution
ran cirendaie frecly aronnd it during the ex-
posure perind. At the end of the exposnre pe-
riod, 42, the specimen shall be removed from
the solution, rinsed for 15 secomds in running
water. shaken to remove any loase water, and

- any adhering sarface water removed by blotting

Lightly with clean absorbent cloth. The speci-
men shall be weighed within 3 minutes to the’
nearest 10 milligrains and the weyeht recorded
ns W.. The fibrons covering and arvmor shall
be examinad for visible effect of attack by the
chemiculs and then stripped off.

4.6 The conductors, insulution, and insula-
tion covering shall be weighed to the nearest 10
milligrams and the weight recorded as 1.,

5. RESULTS

5.1 Calculation. The solution absorbed by

~ the specimen shall be caleulated as follows:

W|—‘V|
=l
Atmarpelon, perrent=3 ;- 100
where :
W,=the weight of the dry specithen, grams
W,==the welight of the specien after immerxiou,

grams
Womsthe weixht nf the conductors, insulation and -
sulation cuvering, grams
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62 TUnleas otherwise specified in the detail
spocification, one specimen from each inspection
unit shall be tested in each solution. .

53 The absorption of the covering or armor
of the inspeétion unit for the particular solu-
tion used shall be the results obtained from the
specimen tested.

531 When more than onc specimen is tested,
the absorption of the covering or armior of the
inspection unit for the particular solution ahall

FED. TEST METHOD STD. NO. 226
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"be the avernge of the results obtained from the

specimens tested.

54 Any attack on the fibrous covering or
armor of the inspection unit by the solution
shall be recorded.

55 The sbsorption of the covering of the
inspection unit shall be recorded to the nearest
0.1 percent.

5.6 The immersion solution, exposurc pe-
riod, and exposure temperature shall be re-
corded.



Downloaded from https://www.everyspec.com

Method 7111
April 14, 1967

ZINC COATING, STEEL ARMOR

1. SCOPE

1.1 Thismethod is intended for nse in deter-
mining the uniformity of zinc conting on steel
armor of insulated eable.

2 SPECIMEN

21 The specimen shall be the armor re-
moved from a picee of the inspection nnit at
Jenst 6 inches in length,

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

3.1.1 @lass container with 2-inch inside
diametet lor testing Mo, 12-gage wire and
sinaller, and 3-inch inside dinmeter fur wires
larger than 12 gage.

3.1.2 Copper sulfate aolution. sp. qr. 1.186.

4. PROCEDURE

4.1 DP'reparation of standard copper-sul-
phate solution. The solution shall be prepared
by dissolving commercial copper-sulphate crys-
tals in distilled water. Enongh crystals should
be achled to insure a solution which, when cooled
to 18° (", wiil have a specific grvity of at least
1.186. Omo gram of cupric oxide (Cu,O) per
liter shall he added to the solution for the pur-
pose of neutralizing any free acid which may
be present. The solution shall be diluted with

water to u specific gravity of 1.186 at 18° C. (85° -

F.). ‘'The solution shall be renewed for ecach
specimen tested,

42 The specimen shall be {ree from mechan-
icul dnmage. The surfuce of one end of the
specinen shall be clenned for a length of at
least 3 inches by means of the solvent, rinsing
with water, and drying with cheesecloth. The
cicaned portion of the specimen shall not be
allowod to contact the hands or forsign matter

previons to imnersion in the copper sulfato
solution. Standaid copper sulfate solution
shall be added to the container to o depth of 2.5
inches and the temperature adjusted to 18° C.
(85° F.). ‘The cleaned 3-inch length of the spec-
imen shall be immensed in the solution by plac-
ing it in the contor of the rontainer in a vertical
position. Thespecimen shiall remnain in the solu-
tion for 60 seconds without being moved or the
solution stirred. At the end of the immersion
period, it shall be removed fromi the solution,
rinsed with running water while being rubbed
lightly with cheesecloth te remove any Inasely
ndhering Mack deposit, and dried with cheeso-
cloth. The surface of the specimen shall be
examined for bright copper deposit, avoiding
contact of the surfuce with the hands during the
cleaning, drying, and examining period.

4.3 Unless utherwise specified in the detail
specification, one additional immersion and ex-
amination shall be made as described in 4.2

4.4 ‘The pereentage af the total area of the
snocimen chowing fixed repper deposit shall be
determined by visuzl exmmination.

5. RESULTS

5.1 Unleas otherwise specified in the detail
specification, twn specimens from each inspec-
tion unit shall be tested.

5.2 Tho uniformity of the zinc conting of .
the inspection unit shall be the average of the
resnlts obtained from the specimens (ested,

53 The immersed ares of the inspection
unit showing fixed enpper deposit after each
immersion of the inspection unit shall be 1o
corded to the nearest 5 percent.

54 The number of immersions shall be
recorded.

FED. TEST METHOD STD. NO. 228
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CONDUCTOR COATING, SODIUM POLYSULFIDE

1. SCOPE
1.1 This method i intended for use indeter-
mining the nuiformity of the couting on copper

condnetors of insniated wire und eable, 1t is .

applicabie to tin-, lead-, nid lead-alloy-enated
copper, Fordetermining the uniformity of lead
or dead-ulloy coatings methed 7125 gives more
conclusive resithta and should be used in case of
Jispute when these two determinations are
inmvolved.

2. SPECIMEN

2.1  The specimen ghall be the ronductor re-
moved from a piece of the ingpection unit at
lenst & inches in length.

. 3. APPARATUS AND REAGENTS

3.1 The apparatis aned peagents hall be as
followe:

331 Cluse aomtadsicrs of aufficient size to
hold 180 ml. of rolution and permit nmersion
of at least 415 inches of sprciinen.

3.1.2 ITydrochlaric arid. 2p. ar. 1088,

313  Sodivns polysid fede, ap ar 1102,

4. PROCEDURE : '

41 Preparation of test rolation. The
test solutions, 8.1.2 and 3.1.3, shall be prepared
as follows:

4.11 Sodium polyedfids snluting (ap. ar.
1.742). A concentrated solution shall he pro-
pured by dissolving sodinm-xulfide crystals in
distilled water to form a saturnted solution at
15.3° C. (60° F.), ndding 250 grams of flowery
of sulfur per liter of solntion and allowing the
solutinn to stand for ut Jeast 24 hours. The test
rolution shall be prepared by diluting the con-
centrated solution with distilled wuter to s spe-
cific gravity of 1.14220.002 at 15.5” C. (60 F.).
This test. solution should have aufficient strength
to tharonghly biacken n piece of clean untinned
copper wire in b secomlx.  The solution ghall be
considlerel to be exbnusted when it fails to
blacken 1 piceo of clean copper within 5 seconds.

112 ITwleoehlirvic ocid aolution (ap or.
1028y, "Uhis solution shall be prepured by
dituting concentrated hydrochloric acid to a sp.

gr. of 1.0RR2.0.002 at 16.5° C. (60° F.) with dis-
'tilled wenter. This solntion shall be considered
exhansted for test purposes when the following
nanber of specimens hiave been iinmersed in 8

‘\'nlmm‘ ol 180 milliliters of the acid for two

cycles:

Maximum num-

her of speeinens

Wire dismcter (inch) tertod for 2 cvelen
in 180 mi. acid
solution

0.460 B340 . . .. . e e - 2
0.140 OORSY . | .. ... ... . ... 4
00K OO . . . .l iea- 6
0.0500 0.0381 _ | e e 10
anzsu pesnt . o 12
Q.0300 03 | . e . 14

1.2 The npecimen shall be free from me-
chunical damage. ‘The surface of the speci-
men shall be cleanml by hinmersing in carbon
1etrnchiloride or other snituble sotvent for at
lenst. 3 minutes and wiping dry with cheese-

. cloth. The portion uf the specimen to be im-

merved in the test solutions shall not come in
comtart with the hands or foreign matter dur-
ing the test, Sodium polysnlfide solution shiall
he trunsferred to the container to a Jdepth of
41y inches. A similar munount of the hydro-
chlorie acid solution shall be placed in another
contniner,  Both solutions shall be adjusted to
a temperniure of 18°x2° C. (65°=4° F.).

4.3 Immersion of specimen, lead- and lead-
alloy-coated. Unless otherwise specified in:
the detail specification for lead- and lead-ulloy-
conted conduetors, a $14-inch length of the clean
specimen shall be immersed in accordance with
the following cycles at a temperature of 18°=
2o C. (65°=4° F.).

43.1 Thirty seconds in the sodium polysul-
file solution, 3.1.3, washed in clenn running
water. and shaken to remove excess water,

FED. TEST METHOD STD. NO. 228
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432 The same 414-inch length shall be im-

mersed in the hydrochloric acid solution, 3.3 9,
for o period of 1 minute, washed in clean run-
ning water, and shaken to remove excess water.

433 The same 434-inch length shall agnin
be immersed for 30 seconds in the sodium poly-
sulfide solution, washed in clean running water,
and shaken to remove excess water.

434 The same 41%-inch length shall agnin
be immersed for 1 minuto in the hydrochloric
acid solution, washed in clean running water,
and shuken to remove excess water,

4.4 Immersion of specimen, tin-coater'.
Unless otherwise specified in the detail speci-
ficntion, for tin-coated conductors a 41%-inch
length of the clean specimen shall be immersed
in accordance with the following cveles at a
temperature of 18°:x2° C. (65°+4° T.).

4.4.1 One minute in the hydrochloric acid
solution, 3.1.2, washed in clean running water,
and shaken to remove excess water,

4.4.2 The snne 4Yo-inch lenzth shall be im-
mersed for ) seconds in the sodium polysn!fde
solution. 8.1.2. washed in clean running water,
and shaken to remove excess water,

4.4.3 The same 4e-inch Jength shall again
be snmersed for 1 minnte in the Liydrochloric
acid solution, washed in clean running water,
and shaken to remove excess water,

4.44 The same 43%-inch length shall again

FED. TEST METHOD STD. NO, 228

be immerned for 30 seconds in the sodium poly-
sulfide solution, washed in clean running water,
and shaken to remove excess water.

45 At the end of the above cycles of immer-
sion, the specimen shall then be examined for
the presence of blackened areas resnlting from
the action of sodium polysulfide. Blackening
that occurs within 0.5 inch of the cut ends shall
be disregarded. Blackening of the coated snr-
face cnused by treating the specimen with
sodium polysulfide should disappenr when
treated with hydrochloric acid leaving black-
ened arens only where copper is exposed.

4.6 The percentage of the total area of the
specimen showing exposed copper (blackened
area) shall be determined by visual examina-
tion.

5. RESULTS

5.1 Unless otherwise specified in the detail
specification, three rpecimens from each inspec-
tion nuit shall be tested.

5.2 Tiw uniformity of the couting of the
conductor of the inspection unit shall he the
averagze of the results nhtained from the xpeei-
niens tested,

53 The immersnd arcea of the inspection
mnit showing exposed copper shall be recorded
to the nenrest b pereent.

5.4 The number of immersion rycles nnd
temnperature of solution shall be recorded.
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CONDUCTOR COATING, AMMONIUM PERSULFATE

1. SCOPE

1.1 This method is intended for use in deter-
mining the uniformity of the coating on copper
conductors of insulated wire and cable. 1t is
applienble to lead- and lead-alloy-conted cop-
per. For determining the uniformity of lead
or iead-alloy cnatings this method gives more
conclusive results than method 7i21 and it
should be used. in cuse of dispute when these
two coatings are involved.

2. SPECIMEN

21 The specimen shall be the conductor re-
moved from the inspection unit. The Jength
of the specimen shall be determined by substi.
tuting the appropriate valne of &, given in table
I, in the formula: L=JT//), where 1, 15 the
Jength in inches of the specimen and 77 is the
dianseter in inch of the coated conductor,

Tanve 1
—— - . . . S
Wire diameter (inel) | [N

04600320 .. . ... ) 12
U.320-0.100 . . e el 0.8
01600080 ..., emccacremenn 4
0nSNN-A1 00, e oL el .. . 2

1

003000030 .

3. APPARATUS AND REAGENTS

A1 The apparatus and reagents shall be as
follows: ‘

3.1.1 (llars container of suflicient size for

" immersion of the specinen,

3.1.2 White paper.

313 dmmonium persulfate solution.

3.1.4 Referance rolor standard solution.

4. PROCEDURE

4.1 Preparation of test solutions. The
test solutions, 3.1.3 and 3.1.4 shall be prepared
as follows:

4.1.1 Awmmonium persulfate aolution. The
ammonium persulfate solution shall be pre.
pnared by dissolving 10 grams of c. p. ammonium
persullate crystals in 500 ml. of distilled water,
adding 75 ml. of ammonium hydroxide, sp. gr.

0.00, and diluting to 1 liter with distilled water.
The ammonium persulfate crystuls shall con-
tain not less than 95 percent ammmonium per-
sulfate. The solution shall be freshly prepared
ench duy and shall not be subjected to temper-
stures above 38° C, (100* F.).

4.12 Reference color atandard; copper aul-
fate-ammonium hkydreride. The reference
color standard solution shall be prepared by
dissolving 0.100 grams of anhydrous copper
sulfate in distilled water, adding 75 milliliters
of c. p. ammonium hydroxide, sp. gr. 0.90, and
diluting the volume to 1 liter with distilled
water.

42 TUhunless otherwise epecified in the detail
specification. the specimen shall be immersed
fora period of 15 14 minute at a temperature
of 30°=1° C. (R6°=2° F).

4.3 The specimen shall be free from me-
chanical danmge. The specimen shall bo
cleaned by immersire in suitable eolvent for
not less than 3 minutes and wiping dry with
clean eliwecceloth. The cleaned specimen shall
not be hundied with bare hands or come in con-
tnct with foreign matter and shall be kept
wrappedd in o clean cloth until required for
test. The ends of the specimen shall bo cvated
with melted paraflin to protect the exposed cop-
per.  The paraflin-coated Jength shall uot he
included in determining the length of the
specimien,

4.4 The specimen of the required length, 2.1,
shall bo inimersed in « test tube in the quantity
of test solution specified in table II for the re-
quired perioil of time at the required temper-
sture,

Tasrr J1
Quantity of
Wiro Jismeler (inch) teat solitlion
(milliliters)
04680-0.32) ... ..o 150
0300008 oo, 100
0.160-0.0810.. - . 50
INS00-0.0400. .. ... .. ... ... 25
0.0300-0.0030.........oun e, 12 6
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45 The specimen shall then be removed und
the color of the test solution compared with that
of an ¢qual volume of color standard in a test
tube of equal dimensions. The discontinuity
of the coating is represented by the intensity of
the color of the test solution in relation to the
intensity of color of the standard solution. The
culor comparison shall be inade by viewing the
solutions fengthwise agninst a whita back
gmound.  1f available, a oolorimeter or spectro-
photomceter may be used in making the color
colnparisosn,

FED. TEST METHOD STD. NO, 228

4.6 The iutensity of the color of the test
solution relutive fo the refers=e color standard
for each gpecimen shall be recorded.

3. RESULTS

5.1 Unless otherwise specified in the detail
speeification, three specimens fronu ench inspec-
tion unit shall be tested.

2 The uniformity of the coating of the
condurtor of the inspection wnit shall be the
results obiained from the specimens tested.

83 ‘The time and temperature of inunersion
ghall be recorvied,

20
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MINERAL CONTENT, COYERINGS

1. SCOPE

1.1 This method is intended for use in deter-
mining the mineral content of the fibrous cover-
ings of insulated wire and cable. 1t is especially
applicable to wire and cable designed to be
weather-resistant.

2 SPECIMEN

2.1 ‘The sxpecimen shall be the fibrous cover-
ing with adbering compound taken from s piece
of the inspection unit at least 6 inches in length.

3. APPARATUS

3.1 The apparatus shall consist of & 75 ml
crucible.

4. PROCEDURE

4.1 The specinen shall be placed in & tared
crucible (W), weighed, and the weight re-
corded ax W. The crucible containing the ma-
terials shall be heated at low temperature to
remove wmast of the Hiammable materiul and
ashed to & constant weight at about 600° C.
(1112° ¥.) in & muflle furnace. The crucible
shall be conled to room temperature in a desic-

~cator, weighed, and the weight recorded as ¥,

The weights shall be made to an accuracy of
1 milligran.

4.2 Unless otherwise specified in the detail
specification, in constructions involving two or

more over-all fibrous coverings, the mineral filler
content of all the fibrous coverings shall be de-
termined in one operation as described in 4.1
for the outer covering.

5. RESULTS

&1 Calculation. The mineral content of
the specimen shall be calculated as follows:

Mineral content of fibrous cuvering,

o W=,

W =, X100

where:

Wimthe weight of the ash plun crucibie

W exthe weight of the cuvering muteriuln plus crucible

Wiezthe weight of the erucible

52 Unless otherwise specified in the detail -
specification, one specimen from ench inspection
unit shull be tested.

5.3 The mineru] content of the covering of
the inspection unit shall be the result obtained
on the specimen tested.

53.1 When more than one specimen i8 tested,
the mineral content of the covering of the in-
spoction unit shall be the avernge of the resnlts
obtained from the specimens tested.

84 The minera] content of the fibrous cover-
ing of the inspection unit shall be rocorded to
tho nenrest 1 percent.

FED. TEST METHOD STD. NO. 228
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Method 72381
April 14, 1967

LEAD SHEATH, COMPOSITION

1. SCOPE

1.1 This method is intended for use in deter-
mining the composition of lead sheath of in-
sulatedd wire aml cable. Procedures sre de-
seribed for the determination of copper, bis-
math, arsenic, antimony, tin, iron, zine, and
silver. The minount of lend present is deter-
mined by diffrrence.

2. SPECIMEN

2.1 The specimen shall consist of approxi-
mately the following amounts of lead sheath
taken from the inspection unit:

211 Copper and bismiuth determination
as specified in 4.1.1,

2.1.2 Arcenie, antimony, and tin determina-

" ations—50 grams.

2.13  lron determinntion—i0 grams,

214 Zinc determination—3at gruns,

2.15 Silver determinntion—100 grams.

3. APPARATUS AND REAGENTS

3.1 The apparatus shull be as follows:

ALY dowie diiliation apparatus. The
apparatus shown in fizure 72210 chall consist
of a 500-ml. Erlenmeyer flask fitted with o
ground-glass stopper carrying a 1j-inch glass
distillation tube, a thermometer, und & 2-mm.
inside diameter glass capillary pressure regula-
tor which extends to within 1§ inch of the bot-
tom of the flask.

3.1.2  Zteads, glass,

313 Buchner /unnel,q)proximnlel)' 5-cm.

in diameter.

3.14 Colorimetric tubes, 00-nl, or syitable
colorimeter or spectrophotometer.

3.L5 Compreased air source,

3.1.6 Crucible, Govch, with ssbestos pad.

3.1.7 Cylinder of earbon diozide.

3.18 Flaxk, glass stoppered jodine, 250-ml.

38.1.Y  Glurn wool or cottom,

3110 Hydrogen sulfide generator.

3.1 Jce bath.

3.1.12 Litmux paper.

3.1.13 Silver elcctrolysis apparatus. The
apparatus shown in figure T231A shall consist

of two lead anodes enclosed in alundum shells
19 by 90 inm. and a single platinum gnuze cath-
ode 25 to 0 mm. in dinmeter and 40 to 30 rom.
in length to fit a 600-m). benker. The three elec-
trodes shinl! be connected to a single binding post
so that good electrical contuct is nade. The

RESERVOIR

RUBBER TUBING
-~ GLASS TuBING

RUBBER HOLE FOR
STOPPER FLUSHING

. ALUNDUM SHELL
LEAD aNODE CONTAINING ANODE

ALUNDUM CATHODE

Fioas T281A. Apparatus for interual alectrolysis.

anodes shall be made by winding pure lead wire,
2.5 mm. in diameter by 70 cnu. in length, around
5-mm. glass tubing to form a comnpact helix,
leaving sufficient wire at the top to form a lend
to the binding post (copper and bismuth). For
stirring the catholyte, the appuratus shall be
equipped with a glass corkscrew stirrer with

FED. TEST METHOD STD. NQ. 228
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tungsten shaft attached to & 1,000 r. p. m. motor

goeared so that the solution is drawn towanls
tar cathode. The apparatus shall be equipped
with an anolyte reservoir for flushing out the
anode chambers during the electrolysis.  The
apparatus shall be equipped with un anode of
pure copper wire, 2 mm. in dinmeter, silver-free
aml uneorraded, for use in determination of
silver.

3.1.1 4 Noleep veduotor,

11141 ‘This apparatus shall be similar in
design to fygmire 7231D, and shall conform to the
following dimensions:

Internn] AAMetelecne e ccncccccaneen 10 to 29 mun.
Length af reductor colnmn oo ..., 120 to 1% mum.
Capacity of reservoll .. coooeee. - B0 to 75 mt.

3142 Preparation of silver pedurtor.
Sixty prams of silver nitrate shall be disrolved
in 400 ml. of water and a faw drops of nitric
ncid ndded. A sheet of metallic copper, about
10 em. square, shall be suspended in the silver
nitrate and the solution stirred mechanically
unti) all the silver has precipitatad, as shown by
the nbsence of silver chloride precipitate on ad-
dition of hydrochloric ncid to a few milliliters
of the solution. The sheet of copper shall be
removed from the soiution and the precipitaced
silver washod by decantation with sulfuric acid
solution (1 to 199) until most of the dissolved
copper is removed. Water shall be added to the
silver precipitate and the mixture poured into
the reductor column, the lower end of which
contains a plug of glass wool placed over n few
glass bends. After the solution has drnined to
the top of the silver column, the silver precipi-
tate shall be washed repeatedly with 1 to 100
sulfuric acid until all the copper has been re-
moved, as shown by the absence of a blue eolor
on the addition of ammonium hydroxide to the
washings. The reductor shall then be filled with
1 to 9 hydrochloric acid solution. When not in
use, the reductor shall be kept full of hydro-
chloric acid solution (1 to 9).

31143 Reaeneration of nilver. During
the reduction ui terric iron by passing u hydro-
chloric acid solution of iron through the reduc-
tor, silver chloride forms at the top of the
colwnn. This silver chloride darkens, leaving

FED. TEST METHOD STD. NO, 228

a blackening sround the column. When this
dark layer has extended onc-half to three-
fourths of the Jength of the tubo down the
column, the silver chloride and silver slll be
transferred to a beaker and covered with 1 to
199 sulfuric acid solution and a zinc rod placed
in the benker so that the zinc is in contact with
the silver chloride. The silver chloride is re-
duced to silver which shall bs washed and
returned to the reductor column for further use.

T

BURETTE 4 ="ro
TIP HOLE 2

- o ole
covds 4

F

C.’.'.'.’.F.
lqi--'w.-

oeuvnas T3818. Apparstus for reduction of tin.

3.115 Tin reduction apparatva. The appe-
ratus shown in figure 7231B shall consist of a
finsk closed with a three-hole rubber stopper
containing an inict tube for curbon dioxide, an
nir condenser, and a hole for a burette (glass
plugged).

32 The reagrents shall be as follows:

321 Ammanivm olnm anlution, The solu-
tion shall bu prepared Ly dissolving 3.5 grams
ot smmonium slum (AINH,(SO,),.12H,())

N’
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in 100 ml. of distilled water. (One ml. of the
solution contains approximately 2 mg. of Al.)

322 Ammonimn chloridc, 1 vercent aolu-
fion. ,

823 Ammonium persulfate, 10 percent
solution, prepared fresh as required.

324 Ammoniwm aulfate, 35 perrent solv-
tion.—The solution should contain less than
0.0005 percent arsenic.

325 Ammonium thincuanate, 20 percent
anlution.

326 Antimony chloride solution. The
solution shall be prepared by dissolving ¢ rrams
of antimony chloride (Sb(’ly) in 200 nil. of
hydrochloric acid, sp. gr. 1.19, and diluting to 1
liter with distilled water.

il - - THERMOMETER -

GLASS CAPILLARY
PRESSURE _ __
REGULATOR

2MM. IN INSIDE

DIAMETER

¥Fliunz T231C. Apparstus for distilintion of arsenie.

32.7. Bismuth sulfate, standard solution.
The solution shall be prepared by dissolving
1.0000 gram of metallic bismuth in » small ex-
cess of nitric acid, sp. gr. 1.48, adding 20 ml of
sulfuric acid, sp. gr. 1.83, evaporating to dense
white fumes, cooling, rinsing the sides of the

Method 7231

vessel with water and evaporaling agein to
dense white fumes, and diluting to 1 liter with
distilled water in & volumetric fiask. ‘This pri-
suary solution shall be diluted 1 to 10 for bis-
muth stundards.

RESTRAVOR
(50 7O T8 ML, APPRON)

PERPORATED ~.
PORCELAIN -,
PLATE .~

-AMALGAMATED snivn
}-' (20 TO 30 MESH)

b-- 19k

,ALASS woOL

. FORATED

RO 14
7 marne

-° ..-GLASS BEADS

-=-- -3 TOPCOCK

ro suction PLaSK
Frovae 72310, Bliver reductor.

328 Rirmuth colorimetric standards.
These standards shall be prepared by trans-
ferring to 100 ml. colorimnetric tubes, 0.2 to 1.4
mg. of bimmuth, in increments of 0.1 mg., from
the stnidard solution in 8.2.7, uddiug 2 ml. of
40 percent potassium iodide, 2 ml. of 20 percent
sodium thiocyanate solution, 0.5 ml. of starch
solution, and 2 ml. of 0.1 N sodiumn thiosnlfate
solution tv each tube, diluting to 90 ml. with dis-
tilled water, adding 1 ml. of 1 to 1 sulfuric acid,
and diluting to 100 ml. These standards
should be prepared just before the test is con-
ducted.

329 Stendard oerio sulfats solution, 0.1
&. This solution shall be prepared by dissolv-
ing 5¢ grams of Ce(HSO,), in 500 ml. of dis-
tilled water containing 16 ml. of sulfuric acid,
sp. gr. 1.88, and diluting to 1 liter. The solu-
tion shall be standardizod by either of the fol-
lowing methods:

FED. TEST METHOD STD. NO. 28
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3.29.1 Nethod A. Approximatsly 0.2 gram
of iron of known composition shall be trans-
ferred to a 250-ml. benker ard Jissolved -in
20 ml. of 1 to 1 hydrochloric acid and 1 to 2 ml.
of saturatgd bromine water. The solution shall
be boiled to expel excess bromine, stannous
chloride solution (150 grams of SnCl,2H,0
in 1 liter of 1 to 2 hydrochloric acid) added
dropwise while stirring, until the yellow color
just disappears, and exactly 1 drop in excess.
The solution shall be cooled to room tempera-
ture and 10 ml. of 5 porcent mercuric chloride
added all at once. The precipitate should be
white and milky. (If it is gray, the solution
shall be discarded.) One drop of ortho-phenan-
throline ferrous complex indicator shall be
added and the solution titrated with ceric sul-
fate to a pale blye or colorless end point.

3292 AMethod B. Twenty-firemlLof 0.1 N
arsenous acid solution shall be added to a 400-
ml. beaker, 10 ml. of 1 to 1 sulfuric acid, 3 drops
of osmium tetroxide (2.5 grams per liter of
0.1 N sulfuric acid), as a catalyst, and 1 drop of
ortho-phenanthroline ferrous complex indics-
tor added. The solution shall be titrated to a
paie blue or colorless end point with the stand-
ard ceric sulfate solution.

3210 Citric acid, €0 percent anlution.
3211 Copper nitrate anolyte solulion.
The anolyte solution shall be prepared by dis-
solving 4 grams of metallic copper in nitric
acid, sp. gr. 1.43, evaporating )ust to dryness,
adding 30 ml. of nitric acid, and diluting to 1

liter.

3212 lopper sulfate standard solution.
The solution shall be prepared by dissolving
1.0000 grau. of metallic copper in 15 ml. of 1
to 3 nitric acid, adding 5 ml. of sulfuric acid,
sp. gr. 1.83, and evaporating to white fumes.
The besker shall be cooled, the walls washed
down with 20 ml. of distilled water and the
solution aguin evaporated to dense white fumes.
Two hundred ml. of 1 to 1 sulfuric acid shall
be added and the solution made to 1 liter in a
volumetric flask.

3213 Copper milfute, 05 prreont zolution,

3214 Formic amd, ap. gr. 1£0.

FED. TEST METHOD STD. NO. 228

3215 Formic acid miatwre. The solution
shall be prepared by mixing 200 ml of formic
acid, sp. gr. 1.20, 970 ml. of d’stilled water and
30 ml. of ammonium hydroxide, sp. gr. 0.90.

3216 Formic acid mimture wash solution.
The solution shall be prepsred by diluting 25
ml. of formic acid mixture, 3.2.15, to 1 liter
with distilled water and saturating the solution
with hydrogen sulfide.

3217 udrasine sulfnte.

3218 Mydrogen pernzids. 3 prveent solu-
tion.

3219 Hydrogen aulfide 10ash solution.
The solution shall be prepared by saturating
sulfuric acid solution, 2 to 98, with hydrogen
sulfide.

3.220 Jodine. 0.1 N anlution. The solution
shall be prepared by dinsolving 12.7 grams of
iodine and 40 grams of potassium iodide in 25
ml. of distilled water. When solution is com-
plete it shull he diluted to one liter and stored
in a cool place in a dark bottle. The solution
shall be standardized as follows: Ten ml. of &
tin solution (1 ml. equal to 0.001 gram of tin)
shall be pipetted into a 300-ml. flask, 10 ml. of
sulfuric acid, sp. gr. L&}, 90 grame of sodium
chluride, 73 wl. of hydrochloric acid, sp. gr.
1.19, and 5 grams of L=t lead added. The solu-
tion shall be reduced and titrated with the iodine
solution as described in 4.3.4.

3221 [7ron. standard solution The solu-
tion shall be firepmred by dissolving 0.1000 gram
of iron (National Bureau of Standards stand-
ard sainple No. 53b of ingot iron is satisfactory)
in 10 ml. of 1 to 1 hydrnchloric acid and 1 n\l. of
bromine water, boiling to remave tho excess
bromine, adding 20 ml. of the hydrochloric acid,
and diluting to 1 liter in & volumetric fask.

3222 Manganese nitrate, 10 pereent solu-
tion, )

3223 Manganese sulfnte. 10 prwarnt anlu-
tion,

3224 Methyl orange indirator. The solu-
tion shall be preprared by dissolving 0.1 gram of
methyl arange in 100 ml. of distilled water and
filtering off any residue.

3225 Metallio mercury.

240
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3.2.26 Nitric arid-tartaric arid wark solu-
tinn. The wash solution shall be prepared by
dissolving 20 grams of chlotide-free tartaric
acid in 200 ml. of 1 to 9 nitric acid and diluting
to | liter.

3227 Ortho-phepanthrolina indirator aolu-
tion The rolution chall be prepared by dis-
soulving 605 grams  of ferrous sulfate
(FesQTHL) in 1 liter of distilled water and
adding 4.8 grama of ortho-phenanthroline
monohydrate (C,H.N, H,0).

3228  Potuxwiim hisulfate.

3229  Potaxsivm bromate,0.01 X aolution.
The sotution shull be prepared by dissolving
0278} grams of potassinm bromate (KBi(),) in
distithed wanter-and diluting to 1 liter in a val-
umetric flask,

3.230 Potosvivm {macyznﬂ‘. 07 pereont
solutina, .

32381 Potussivm indide, 1,10 and 0 per.
cent anlutions..

3232 /[’otamsium permanganate, 1 and £
pereent aolutions.

3233 Sodivm chloride.

3.233  Sadimn thineyanate, 20 yerrent sofu-
tinn,

3.235 Sodium thiomdfate, 10 perecnt saly-
tinm. ’ .

3236 Sodivm thineuliate, 0.1 N solution
The solution shall Ie prepured by disolving
& arams of soadbon thiesulfate (Na,S,0),.

- 8I1;0) in 1 liter of freshly boiled and cooled

distillied water. The solution shall’ be stand-
ardized as follows: Ten ml. of standard copper
sulfate golution shall be transferred Lo a 200-ml,
wide-mouth flask, the wolution diluted to 25

Method 7231

ml. with distilled water, cooled to room tem-
perature, and titrated with the standard sodium
thiosulfate solution as described in 4.1.2. If
sulfur precipitates during preparation or on
standing, the solution shall be discarded.

3237 Siench pereent xalution, prepared
fresh oz sopuaed,

3238 Tule avepersion. The suspension
shall bhe preparcd by suspending 50 grams of
tale in ! liter of distilled water,

3.239 Tartarie acid- chloride-free.

3240 'ret loud,

3241 e,

N242 Zine rhloride solution. The rolution
shall be prepared by dissolving 4.0000 grums
of pare zinc in 200 ml. of 1 to 4 hydrochloric
acid and diluting to 1 liter.

3243 Zine turbidity atanda=de The
standarvids shatl be prepaved by teansferring to
S0 ml eolorimetrie tubes portions of the zine
sulntion prepared in 3.2.42 containing from .01
to 0.1 mg. of gine, in increments of 0.01 mg.,
and adding 15 ml of 110 0 hydrochlorie acid
and 15 ml of diailled water to the tabes, Five
mi of 0.7 pereent potassium fervocyanide solu-
tion shall b addded nnd the solution inixed.
The standaids should be prepared just before
the test ic conducted,

4. PROCEDURE

4.1 Copper and hismuth in leads contain-
ing over 0.02 percent bismuth.

4.1V Spechmes «ize. The size of the gpeci-
men usc!l will depend on the copper and bis-
muth content and shall be as indicated in the
following fable:

Weight of specimen
Type of lead " Copper Bismuth : )
Copper Bismuth
’ determination | determination
DPerornt Pereent Grame Grems

Camnan denilverized lead A .. ...l 002 S max._....... 013 20 10
Arid Wl e meceeinree i cecccaceann 001to00S ___..... 0. Q25 20 20
Copper dend . aiaa... 0.04 0008 ......_. at 10 10

FED. TEST METHOD STD. NO. 228
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412 Determination of eoppsr ond  bia.
muth A gpecimen of snitable size a5 deter-
mined in 4.1.1 shall be trunsferred to a 600l
benker and 1 gram of tartaric acid, 20 mi. of
1 tn 4 nitrie acid, and an additional 5 ml, of
nitric acid per geam of specimen addel.  The
mixture shall be hented gently until solution
is complute and then bojled to expel the brown
fumes. The solution shall be diluted to 250 ml.,
cooled to 4u” (. (104° F.), and & 1 percent solu-
tion of potussium perimanganste added while
stirring until the solutinn remains colored for
al feast | minnte, The solution shall be ullowed
to stand or heated gently to expel the color, the
{empernture a.ljusted to 37°=3° C. (100°=58°

F.), 2 ml of 10 percont potassium iodide added-

while stirring, and then set aside for abont 19
minufes, avoiding exposure to direct sunlight.
The snlution shall be filtered through a (iooch
into a 600-ml, beaker, washed with distilled
water, and the precipitate discarded. The solu-
tion shall I hoiled until the jodine is expelhed
and (he solution becomes enloriess, and then the
boiling continued for 10 minntes longer. It
shall be dilnted to 330 ml. and 50 me. of urea
added.  The temperatire shall be adjusted to
RR+%° O (154°+15° 1} and then rlec rnl.\'wn!
while stirring at 850 (o 1,000 r. p. in. inthe appa
rutus described in 3.1.13 using 3 percent nitric
acid as the anolyte. During the electrolysis the
anode chambers :hall be flushed, the sides of
the benker and the anode shall le rinsed down,
and approxsimately 50 mg. of nrea added onee
or twice. After the copper and bisinuth are
completely deposited most of the elecirolyte
shall be removed by siphoning while adding
slowly 1 liter of water. “The benker shall ba
removed and quickly replaced with one contain-
ing distilled water, The benker shall be re-
moved, the electrode detached, rinsed with dis-
tilled water, and then dipped twice into separate
portions of ethyl alcohol or methyl alenhol.
The electrode shall be dried at 110°=1° C,
(230°x2° F.) for-3 minutes. cooled, and
weighed. This weight minug the weight of the
clean clectrode is the weight of the copper-bis-
muth deposit (4). The weiglied electrode shall
be transferred to a 250-ml. wide-mouth flask
and the copper-bistauth deposit dissolved in s
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mixture of 5 ml. of ¥ pervent hydrogen peroxide
snd 2 ml of sulfuric acid, sp. gr. 1.83. The
electrode shall be well rinsed and removed from
the flask, the solution evapurated to dense white
fumes to remove .!l the hydrogen peroxide, the
residue rooled, and diluted to 25 ml, with dis-
tilled water. Five nl. of 40 percent potassium
iadide nnd 5 mi. of a 20 percent solution of
sodium thiocyanate shall be added and the
solution titrated with 0.1 N sodium thiosul-
fute. When the end point is reached, 1 ml. of
1 percent starch solution shall be added and the
solution titrated to the disappearance of the
blue color. The number of milliliters of sodium
thiosnlfate used shall bo recorded as B. (In
the titration of solutions containing bismuth the
stnreh indicator must be added after the addi-
tion of the sodimn thioryanate and before the
hegrinning of the titration,)

1.2 Copper and hismuth in leads contain-
ing 0.02 percent bhismuth and under. A
sprcimen eontaining 20 grams shall be nsed for
leatl <heaths inade of soft undesilverized lead
and chrmiceal Jead. A specimen containing
about 20 rrams of ‘he lead sheath shall be trans-
ferved to n G ml. beaker, the specimen dis-
solveds the coprer and hizmnth deposited, and

the copper titinted as described in 412. The

- number of milliliters of sudium thiosulfate re-

quired to titrate the copper shall be recorded
a8 2, Two ml. of sodium thiosulfsts in excess
shall be addwl. Macernted filter paper shall be
added, the solution diluted (o 100 ul. in & grad-
unte cylinder, and then filtered throngh s close-
texture, dry paper. An aliquot of the filtrnte
containing 02 to 1.4 mg. of bismuth shall be
transferred to a 100-ml, eolorimetric tube and
diluted to 100 ml. with distilled water. The
color shall be compared with n series of freshly
‘prepared bismuth colorimetric standards. The
coniparisons may be made by visunl observa-
tions of the solntions in tihes placed agminst
n white background.  If neailable, a colorim-
cter or a spectrophotaneter may be used for
making the color comparison.

43 Arsenic, antimony, and tin.

431 Prevaretion rof solution af arsenio,
antimony, and tin. A specimen containing
about 50 grams of the Jead sheath shall be trans-

a»
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ferred to a 800-m). Erlenmeyer flask and 200-ml.
of 1 to 3 nitric acid added. The mixture shall
e heated gently to dissolve the lead and then

"boiled to expel the brown fumes. The solu-

tion shall be diluted to 800 ml., heated to boiling,
10 ml. of  percent potassium permanganate and
20 ml of 10 percent manganese nitrate added,
and then boiled. gently for sbout 2 minutes.
The hot solution shall be filtered through a
rapid filter paper and the precipitate washed
with bot water. The filtrate shall be lubeled
(a) and reserved. The paper containing the
precipitate shall be returned to the original
Erlenmeyer flask, 15 ml. of sulfuric acid, sp. gr.
1.83-and 35 ml. of nitric acid, sp, gr. 1.43, added,
anul the solution heated gently to hoiling to de-
stroy the filter pnper. The solution shall be
labeled (b) and reserved. One-hundred ml., or
enough to remove all of the lead of 25 percent
ammonimin siubfiate, shall be pdded? to the filteate
Inbeled (n) while stirring, the solntion cooled
to room temperature, filtered throngh a close-
textured paper on a Buchuer funnel, and
washed once with distilled water, The preci-
pitate of Jead snlfate <hall be disearded. The
filtrute shall bs nentealized with ammoninm
hydroxide, 156 ml added in cxeess. beated to
boiling. 10 inl. of 10 percent ammoniun persul-
fate udded, und then boiled vigorously for 1
minute. The solution shall be filtered through
a rapid filter paper, the precipitate transforved
to the paper. washed four times with hot water,
and the filtrute discarded. The paper and pre-
cipitnto shall be transferred to the solution in
the 500-1l. Erlenmeyer flask Inbeled (b). This

finsk contains all the arsenic, antimony. and’

tin plus smine mungmiese, lead, and a trace of
copper. Thirty-fivo m). of niteic acid, sp. gr.
1.43, shall be added to the flnsk and the solution
heated gently to destroy the enrbonacecus ma-
terinl, adiding more nitric acid if necessary.
The solution shall be eeapornted to dense white
fumes. the residue cooled, 3 grams of potas-
sium bisulfute and 0.1 gram of hydruzine snl-
fate added, nnd the sides of the flaxk washed
dowi with water, making certain that no hydra.
zine sulfate reruains on the walls. The solution
shull be evaporated to dense white fumes, and

Method 7231

then heated over an open flame until the volume
has been reduced to about 10 ml. The arsenic,
antimony, and tin shall be determined as de-
scribed in 4.3.2, 4.3.3,and 434, or in 4.3.5, 4.3.6,
and 4.3.7.

432 Arenio and antimony by bromate
titration. The solution from 4.3.1 shall be
cooled toroom temperature, the sidee of tho flask
washed down with 150 ml. of distilled water,
20 ml. of hydrochloric acid added, and the solu-
tion heated to about 90° C. (104° F.) to dissolve
all of the Jend salta. One drop of methyl orange
indicator shall be added and the solution ti-
trated with 0.01 N potasstum bromate until the
red color weakens. A sccond drop of methyl
orange shall be added and the titration con-
tinued slowly until the color changes to yellow
or colorless. ‘The titrated solution shall be re-
served for use in 4.3.3. A blank «determination
chall be pude nsing the same amount of rengents
and following the sine procedure. “The number
of milliliters of potassium bromate required to
titrute the arsenic and antimony (4) is equal
to the total tif ration minus the blank titration.

432 Antimony by bromatr titration.
(lass beads shall be added to the titrated solu-
tion reserved in 4.3.2 and the solution boiled
until the volume is reduced to 100 nl. The
solution shall be transferred to a 25M%nl. glass-
stoppered iodine flusk, the 500.ml. Erlenmeyer
flask rinsed with 40 ml. of hydrochloric seid and
the washings added to the_ indine flask. Two
mi. of 0.4 percent eapper sullate shall be added,
the solution cooled to room temperatnre, § il
of metallic mercury added (if merewrons ehlo-
ride is precipitated more hydvochlorie acid
should be added), and the flask stoppered and
rhaken vigorousiy for 5 minutes, The solation
shall be decauted into the M0l Erlenmeyer
flask and the miereury washed, adding the wash
to tha solution. The solution shall be diluted to
about 250 ml and, with air bubbling slowly
through it, hented to 9° C. (191" F.). The air
streain shall be discontinned, 1 drop of methyl
orunge indientor added, and the untitmony ti-
trated slowly at 00" ', (1042 F.) with 0.01 N
potassivm bromate. 'The titrated solution shall
be reserved for tin determination in 4.3.4. A

FED. TEST METHOD STD. NO. 228
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blank determination shall be made using the
snine amounta of reagents and fullowing the
same procedure. “The number of milliliters of
potassium bromate required to titrate the auti-
mony (B) is equal to the total titimtion minus
the blauk titration,

434 Tin by iodine tigration. Thirty mil-
liliters of hydrochloric acid, sp. gr. 1.19, and
sufficient 0.2 percont antimony chloride solution
to muke the total antimony content of the flusk
equal to nbont 10 mg. shull be added to the
titrated solution reserved in 4.3.3. Five grams
of test lead sliall be added and the solution
boiled gently for 15 minutes. When the dep-
osition of nohle metals is complete, the solu-
tion shall be fitcred throngh eotton or glasy
wool into a wide-moath fith-ml. Evlenmeyer
flask eontaining & grams of test Jead and 20
erams of sodium cliloride.  The fla~k shall Lo
nssenibled into 1 tin reduction appaantus as
desevibed in 2115 A strewm of earbon
dioxide ehall be passed throngh the flask, the
solution gradually heated to boiling, and hailed
for 1 hour.  The lask shadl be transferred (o an
ice bath and te cabun dioxide regulated so
that no air will be sucked back vito the sk,
The solution shall e cooled to about 10 C,
(50° T.) under an atinosphere of carbon
dinxide, the plug removeil from the thind hole
of the rubbor stopper, nil 5 m). of 10 pereent
potassium iodide solution and 6 ml. of { per-
cent starch rolution added. The tip of the
burette contnining (.1 N jodine solution sha!l
be immediately inserted into the other hole of
the nibber stopper and the solution titrated to
the first permanent shade of blue. A Llank
determination shnll Iw made using the same
anounts of reagents and following (he same
procedure.  The number of illiliters of jodine
rolution required to titrate the (in (F) is equal
to (he (otal titration minus the hlank titration.

435 Aracnic by distillation.  The solution
of arsenic, antimony, and tin shall be prepared
as described in 4.3.1. This solntion shall be
covled to room temperatnre, 50 nl. of hydro-
chloric acid, sp. gr. 1.19, awil B to 10 grams of
sodium chloride added. The 500-ml. Erlen-
nmrver fiask shall be connected to the distillation
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apparatus, 3.1.1, 200 ml. of water placed in the
receiving flask, the distiliation flask heated to
boiling, sand continued until the temperature of
the distilled vapor reaches 105° C. (221° F.).
The distillution flask shall be unstoppered, the
hot plate removed, and the rolution reserved for
antimony detertnination in 4.3.6. The delivery
tube shall be rinsed into the receiving flask and
the distillate heated nenrly to boiling. The
solution shall be titrated at 85°=5° C, (183° =
9° F.) with 0.01 N potassium bromate solution,
adding methy] orange indicator near the end
of the titration. A blank determination shall
be madeusing the same amounts of reagents and
following the same provedurs. The number
of milliliters nf potassiom hromate solution re-
quired to titrate the arsenic (A4) is equal to the
total titention minng the blank titration,

A6  Antimony detcrminafion. Twa hun.
dred il of water shall he added (o the solurion
in the distillation flask reserved in 4.3.5 and the
solution Imiled to dissolve all of the malts.  The
hot solution shall be fitruted with 0,01 N potus-
sitim bromute, adding methyl orange indientor
near the end of the titrathan, The titrated so-
lution shall be reservesl for tin determination
in 485 A blunk determination shall be made
wiing the same amoants of reagents and follow.
ing the samo procesdure.  ‘The number of willi-
liters of potassium bromate solution required
to titrate the antimony (B) is cqual to the total
titration minus the blauk titration.

437 Tin by indine titpation. The sointion
resorved in 4.3.0 shall be diluted to 250 ml., 75
ml. of hydrochloric acid, sp. gr. 1.19, aidded, and

the tin determinntion completed as deseribed in

4.3.4, adding only 10 grane ~f sodium chlo-
ride instead of the 20 grams specified in the
proceduro.

44 Iron by volumetiric or colorimetrie
method.

44.1 DPreparation of solution of iron. A
specimen containing about 50 grams of the Jead
sheath shall be transforred to a 600-ml. beaker,
250 m), of 1 to 4 pitric acid added, the mixture
heated gently to issolve the lead, and then
boiled to espel the brown fumes. The benker
shal] be removed from the hot plata, 35 mil. of

2%



Downloaded from https://www.everyspec.com

1 to 1 sulfuric acid added, the solution filtered
through a close-texture paper on & Buchner
funnel, and the beaker and paper washed with
hot water. The filtrate and washings shall be
collected in s 600-ml. beaker, evaporated to

.white fumes, the heating continued until the

volume of the sulturic acid is reduced to about
2 ml, and then cooled to room temperature.
One hundred ml. of water shall be added,
the solution boiled for several minutes, cooled,
made neutral with ammonium hydroxide, and
2 ml. of hydrochloric acid, sp. gr. 1.19, added.
Hydrogen sulfide shall be passed into the solu-
tion for about 15 minutes, the precipitate al-
lowed to settle, and then filtered. The pre-
cipitate shall be washed with hydrogen sulfide
water and then discarded. The filtrate and
washings shall be boiled to expel the hydrogen
sulfide and the iron oxidized by the addition
of a few drops of 3 percent hydrogen peroxide.
The solution shall be evaporated to 50 to 75 ml.,
cooled slightly, and 5 mL of ammoninm alum
solution added. The solution shall be neutral-
ized with ammonium hydroxide, adding 2
ml. in excess, boiled for 1 minute, and then
met aside for about 1 bour. The precipi-
tated iron shball be filtered on to rapid fiter
peper, washed with hot 1 percent ammoniun
chloride, and the filtrute reserved for the de-
termination of zinc in 4.5. The iron shall be
determined on the pricipitate by the volumetric
method described in 4.4.2 or by the colorimetric
method as described in £.4.3.

442 Jron by volumsteic mathod. The fer-
ric hydroxide precipitate from 4.4.1 shall bhe
dissolved in 20 ml. of 1 to 8 hydrochloric acid,
the solution diluted to 80 ml., cooled, and then
passed through the silver reductor, 3.1.14, at
the rate of 30 ml. per minute. The reductor
shall be washed with 100 mL of 1 to 80 hydro-
chloric acid, adding the solution in ssveral por-
tions, and allowing each addition to grain to
the top of the silver column before the next is
added. Ten ml. of 1 to 1 sulfuric acid and
1 drop of ortho-phenanthroline indicator shall
be added and the reduced iron solution titrated
with standard ceric sulfate solution to the dis-
appearance of the pink color. A blank deter-
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mination shall be made using the sume amounts
of reagents and following the same procedure.
The number of milliliters of ceric sulfate solu-
tion required to titrate the iron (4) is equal to
the total titration minus the blank titration.

443 Jromdycolorimetric method. The fer
ric hydroxide precipitete from 411 shall be
dizsolved in 20 ml. of hot 1 to 3 hydrochloric
acid and cooled to room temperature. The solu-
tion shall he transferred to a 100-ml. colorimet-
ric tube, 2 ml. of 20 percent ammonium thio-
cyanate added, diluted te 100 ml., and mixed
well. The color of the solution shall be com-
pared with a standard containing a known
amount of iron. The standard shall be prepared
by adding dropwise standard iron solution to
a colorimetric tube containing 75 ml. of dis-
tilled wnter,2 ml. of 20 percent ammoninm thio-
cynnate, and 20 ml. of 1 to 3 hydroeliloric acid.
The solution shall be mixed well and compared
with the unknown by visual observation agninst
a white background. 1f available, a coloriineter
or spectrophotometer may be used for making
the color comparisons. The standard iron solu-
tion shall be added until the color matehes that
of the specimen, bringing the volume of the
finui comparison up to i ml. in (he tilie. A
blauk determination shall be inade using the
same amounts of rengents and following the
same procedure. The number of milliliters of
iron solution required to match the specimen
(B) is equal to the total iron volume minus the
volume of iron solution required to match the
blank.

45 Zinc determination. The ammonical
solution in a 600-ml besker reserved in 4.4.1
shall be made just acid to litmus with 20 percent
citric acid. The solution shall be ncutralized
with ammonium hydroxide, 25 ml. of formic
acid added, the solution diluted to about 200 ml.
and 1 mlL of talc suspension added. The mix-
ture shall be heated to about 95° C. (203° F.)
and hydrogen sulfide passed throngh for 30
minutes while allowing to cool. The beaker
shall be set aside for about 1 hour, the precipi-
tate filtered on a 9-cm. close-texture paper, and
washed with formic acid mixture wash solution.
The zinc sulfide shall be dissolved from the filter

FED. TEST METHOD STD. NO. 228
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paper with 80 ml. of 1 to ® hydrochloric acid,
collecting the filtrate in a 100-ml. volumetric
flask. The filter paper shall be washed with
hot water and the washings added to the volu-
metric flask. The solution shall be cooled to
room tempernture, diluted to 100 ml., and mixed
well. Au aliguot containing not more than 0.1
ing. of zinc shall be pipetted into a 50-ml. colori-
metric tubo and 1 to 9 hydrochloric acid added
to make the total volume of acid equal to 15 ml.
The rolution shall be dilnted to 45 ml.,, 5 m\. of
0.7 percent. potassinm ferrocyanide added, and
the solution mized well. The turbidity shall
be compuared with a series of standards contain-
ing from 0.01 to 0.1 mg. of zinc. If available,
a colorimeter or spectrophotometer moy be used
for making the turbidity comparisons. A blank
determination shall be made using the sune
amounts of rengents aml following the same
procedure.  The number of milliliters of zine
standard required to match the specimen (A4)
is equal to the total volume minus the volume of
zinc required to mateh the blank.

4.6 Silver by iodide method. A specimen
contnining about 100 grams of the lead sheath
shull be transferred to a 800-ml. beaker, 1 gram
of chloride-free tartaric acid, and 400 ml. of 1
to ¢ nitric ncid added, nnd the mixturo heatod
gently to dissolve the specimen. When renetion
ceases, 10 mL of nitric acid shall be added and
the heating continued until all the metal is dis-
solved and the brown fumee expelled. Thesolu-
tion shall be cooled to room temperatute, filtored
through a Gooch crucible, and the precipitate
discarded. The filtrate shall be transferred toa
600-m!. beaker, diluted to 400 ml., and heated to
55°x5° C. (131°=9° F.). Five ml of 1 per-
cent potassium iodide shull be added while stir-
ring, the solution digested at 80° C. (122° F.)
for 18 minutes, nvoiding contact with direct sun-
light, and then filtered through a weighed 15-ml.
Guoch crucible. The precipitato on the filter
shall be washed twice with hot nitric tartaric
acid wash solution, fullowed by washing with
hot water (by filling the Gooch crucible and
draining by suction) until the filtrats shows no
color on treatment with hydrogen sulfide. The
silver iodide precipitate in the crucible shall
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be dried to constant weight at 110*=1* C.
(230°=2° F.) and weighed. The weight of the
crucible plus the precipitate minus the weight
of the crcible is equal to the weight of the
silver iodide (A) in the spceimen.

4.7 Silver by electrolytic method. A
gpecimen containing about 100 grams of the lead
sheath shall be trnusferred to a 800-m). beaker,
320 ml. of § to 8 nitric acid added, nod the mix-
ture heated on a steam huth to dimsolve the metal.
1f a dark residue remains, it shall be filtered oft
and diemnlved in § ml. of 1 to 1 nitric acid and
then added to the main solution. The solution
shall be boiled to expel the brown fumes, dituted
to about 60N ml., and covled. (Ine percent po-
tassium permanganate solution shall 'be added
dropwise until the solution turns a permanent
pink color, Ten grawms of tartaric acid shall be
pdded, the wolution diluted to T00 ml. and
heated (o nbont 85° (. (185° F.). The soluiion
shinll be electralyvzed at about 85° C., while stir-
ring, in a 0.4 pereent copper nitrate selution as
the anolyte, nsing (he apparatus described in
3.1.13. Tl.eenode chanibers shull be flushed and
the sides of the beaker washed down once or
twice during the cleetrolysis.  After 30 minutes
of electrolysis the solution shall be removed
from the beaker by siphioning while continning
the stirring and adding I liter of water. The
electrode shall bo washed in two successive baths

of ethyl aleoliol or wethyl aleohol, dried in an

oven at 110°%1° C. (230" =2° F.), for 5 min-
utes, cvoled, and weighed. Usually the deposit
maintains a bright silvery appesrance throu th-
out the electrolysis and igpure enough for direct
weighing as metallic silver. If the deposit is
dark, due to contamination, it shall be dissolved
in 5 mL of 1 to 1 nitric acid and the silver deter-
mined by repeating the electrolysis. The woight
of the electrode plus the silver deposit minus
the weight of the clean electrods is equal to the
weight of the silver deposit (4).

5. RESULTS

51 Calcuistions,

5.L1 The copper and bismuth content of the
lead sheath specimen determined ss described in
4.1 shall be calculated as follows:
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]
Coper, pepcentse ?%9 X100
Bismuth, pereent = :(_--_(;X(-‘) ¢ {1 1]
where
Ar™ihe welght of the ropper Bstnmnth depowit on tbe
electrode,

NRwm=the number of ml. of pdintm thioxnifute required
to titrate the copper,

Cathe grams of cupper per ml of sndinm thiosulfate

DN=the weight of the lead shenth specimen.

5.12 The copper and bisnmth content of the
e chienth gpeeimen detersined as deseribed in
{12 shall be ealeulated as follows:

Copper, pereentr= !"i); L 200

100
. Rismuth, pereent= i x:m
nhere: :
Rethe number of ml. aof sevlium thiosulfate required
tu titrite the copgwr,
C=the grams of capper per ol of sedinm (hjosnlfate,
D z==the weight of the tead gecimene
E=1he grame of bismuth i the aliquot |
FP=the nmmboer of ml, af aliguot fur hismoth deger
minntion .

5.1.3 The arcenie, antimaony, and tin eontent
of the Jead sheath specimeydeteninived as de-
sevibed in 4.9 shiall be calevlated gs fillows:

5.1.3.1 Arsenic, antimony.and tin by meth-

bé- in122 4432 1nlAz .
|
Arsenie, prreept =

B:C.
a <

<P
“

X100

Antiniony, peerernt - “1n0
)
1'in, percent= k <P
whore;
d=the number of ml, ol polaxkium bwouate to -
trate nreenic and antineny.
bB=the muober of ml. of jpwiassium bromate to
titrate the authmony.
C=the grame of arsenic per ml,
bromate.
(Tmihe weltzht of the lend xheath specimen
Da=ihe grame of antimouy wr ml. of potassinm
hromate
FE=the number of wl. of Indlne reguired to titrate
the tin.
P=the gruns of tin per . of ldine solution,

5.1.32 Arsenic, antimony, and tin by meth.
ods in 4.3.5.4.3.6, and £.3.7:

Arncole, pereent s A—:(- X100

RLB
- X
o 10

of  polumatim

Aatinnny, jervent = -

)
Tin, perwnl.=-l ::’ <100

Method 7231

where:
A =the number of ml. of poh-lnm bromate required
to titrate the arsenic
€= the grams of arsenic per ml. of potassium bromate
. G=the weight of the lead sheath specimen
Dmthe number of ml. of potsssium bromale required
to titrate the antimony
Ewsthe grams of antimony per ml. of potassivmn
bromuts
Dw=the number of ml of jodine to titrate the o
Fethe grums of Up per wl. of indloe solution

§.1.4 The iron content of the lead sheath
specimen determined as described in 4.4 shal]
be calculated as follows:

G.14.1 TIron by volumetric method in 4.4.2

4XC

1rm, pereente ——— 7} X100

where:
Aw=sthe number of ml ceric sulfste required to

titrate irom
C=the groms of fron per ml of ceric sulfats solo-

tion
Gmthe welght of the Jead sheath specimen
5.14.2 Tron by the colorimetric method in

EX R

BXD

Iron, pereent = o X100

where
Jt={be nuumber of ml. ol iron standard required to
mnleh the mpacimen,
D -the grame of iron per ml. of jron standard.

t;= 1he weight of the lead sheath specimen.
5.15 The zinc content of the lead sheath
specimen determined as described in 4.5 shall

be ealenlated as follows:
Zinc, pereente ‘-;—B x 100
where :
A:=the number of ml. of sinc standard required to
natch the mecimen,
De=the erame of sine per wl. of zinc sinndard solution.
U=the weight of the lead shecuth specimen.

5.1.6 The silver content of the lead sheath
specimen determined as deseribed in 4.6 and 4.7

shall be calculated as follows:
5.1.6.1 Silver by the iodide method in 4.6:
Stiver, puent-" xg 40 100
where:

Arsthe weight of the silver Io(llde precipitats .
(/==thc weight of the lesd sbeath specimen .

5.1.62 Silver by clectrolysis in 4.7:
Blver, mt-s-xloo

where:
Amthe weight of the stiver deposit on electrode o
U=the weight of the lead sheatb specimen -

FED. TEST METHOD STD. NO. 228
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5.1.7 The lead content of the spocman shall
be calculated as foliowe- -

Lead, po.mot-loo—( percent eopper, bismuth, arsenle,
antimony, tin, irom, sine, asd
. mivorh
52 Unless otherwise specified in the detail
specification, two specimens from each inspec-
tion unit shall be tested.

FED. TEST METHOD STD. NO. 228

|

53 The metal content (lead copper, bis-

muth, arsenic, antimony, tin, iron, zinc, or sil-

ver) of the sheath of the inspection unit shall

be the average of the results obtained from the
specimens tested.

54 The lead content of the sheath of the in-

spection unit shall be recorded to the nearest
0.01 percent.

2.8

<



7,(9

Downloaded from https://iwww.everyspec.com

Method 7251
Apri 14, 1967

IDENTIFICATION, SYNTUETIC ELASTOMERS,
INSULATION AND SHEATH

1. SCOPE

1.1 This methed is intended for nse in iden-
tifying natural and synthetic rubbers, and
polyviny! resins when each is present alone in
a componund. 1t may also be used to identify
the component in rome mixtures containing
more than one type of rubber. Jn those cancs,
especially in mixtures where ambignous colors
are abtnined, it will be necessary to use speci-
mens that huve been previously extracted with

" meetone,

2. SPECIMEN
2.1 The specimen shall consist of at least 10
grams of the insuiation or sheath compound

taken from the inspeetinn unit. prepared as’

deseribed in method T001,

3. APPARATUS AND REAGENTS

3.1 The apparatus shall he as follows:

.11 Bm‘ln ice, stemun.

312 apper wire,

313  Dustillation apparotus consisting of a
test tube, 10 by 75 mm., equipped with a glass
condenser tube 4 mm. in outside diumeter
attached to the test tube by means of a cork
stopper. The condenser tube shull be bent at
least. 90° and shull extend about 100 ma. be-
yond the hend.

314 Eraporating disk, 70 ml.

3.15 Exziraction equipment, Soxhlet or
similar (ype.

3.1.6 Funncl, separatory, 250 ml.

LT Heating element, electrically- or flame-
hented knife, iron, or file.

3.18 Rerfluz apparatus.

3.19 7Zeat tubes 1G hy 150 mm. and 10 by
76 mm,

32 Reagents. The reagents shall be as
. Alowa:

32.1 R-naphthol in 5 percent sodium hy-
droxide solution.

322 ARromins.

323 lodine, 0.02 gram per liter of carbon
tetrachloride.

324 Mercuric acetate, b percent in methyl
alcohol snlution.

325 Pectroleum ather, boiling range 30° to
60° C. (86° to 140° F.).

3.28 r’h'mi’.

327 Sodium hydrozide, 3 and 29 per cont
solutions,

3.28 Sodium nitrite. 0.5 N solution.

329 Solution No. 1 \p-dimethylamine ben-

.salderyde-Rydroquinone mizturcd. One gram

of p-dimethylamine benzaidehyde and 0.01

gram of hydroquinone shall be dissolved in 100

ml. of absolute methy! alcohol. Five ml. nf
hydrochlorie acid, sp. ge. 1.19, and 10 ml. of
ethviens griveol shall he added and the specific
mavity niljnsted to 0.851 at 257 742 C. Ly the nd-
dition of methy! aleohol or ethylene glyeol,
The solution shall be stared in a dark brown
bottle. Tho solution is stable for several
menths when stored under ench eonditions,
3210 Solution No. & (Metanil yellorw).

Two grms of sodiuin citrate (Na,CJILO,.
11H,Q), 0.2 gram of ritric acid, .03 gram of

- Brom. Cresol green, and 0.03 gram of Moetaml

yellow shall be dissolved in 500 m). of distilled
water,
3211 Spot teat paper (chloraprenc-nitrile).
3.21L1 ARenzidine Aydrochloride-hydroqui-
nons wetling solution. Two and one-half

‘grams of henzidine di-bydrochloride shall be
" dissnlved in » mixture of 500 ml. of methy! al-

cohol and 500 ml. of water, and 10 ml. of 0.1
per cent aqueous solution of hy quumone
added. The solution shall be stored in n dark
brown bottle. 1f protected from light and air
the solution remains stable for several months.
A precipitate that forms on atanding does not
affect the efliciency of the solution.

82112 Test paper. Two grams of cupric
acetate and 025 gram of Metanil yellow shall
be dissolved in 500 m). of methyl alcohol. Fil-
ter paper shall be impregnated with the solu-
tion, dried, and then cut into strips to form test

FED. TEST METHOD STG, )&, 228
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paper. To conduct the test this paper shall be
moistened with the wetting solution in 3.2.11.1.

3212 Spot tests paper (polyisodutylens).
32121 Mereurio oxide-sulfuric acid wetting

solution. Five grams of yellow mercuric oxide
shall bp added to & mixture of 15 ml..of sulfuric
acid, sp. gr. 1.83, in 80 mL of water, and the

_mixture boiled until the mercuric oxide has

dissolved. The solution shall be cooled and di-
luted to 100 ml. with distilled water.

32122 Test 7. Blank Alter papers
shall be moistea_es in the wetting solution de-
scribed in 82.12.1 and then cut into stripe.

3213 Spot test paper (rubder-styrene).

3213.1 Trichloroacetio g ¢id-isopropanol
wetting solution. Thirty grams of trichloro
acetic ncid shall -be dissolved in isopropanol
and the solution diluted to 100 ml. with the
same solvent, The solution should not be al-
lowed to come in direct contact with the skin.

32,132 Teat paper. The solution shall be
prepared by dissolving 8 grams of p-dimethyla-
mine benzaldehyde and 0.05 gram of hydro-
quinone in 100 ml. of ethyl ether. Filter papers
shall be impregnated in this solution, dried, and
cut into strips. The papers shall be stored ina
brown glass bottle. Papers stored under such
conditions are stable for severnl months, but
lose their efficiency if stored in the light. To
conduct the test for natural rubber and styrene
polymer these papers shall be moistened with
the wetting solution described 1n 83.2.13.1.

32.14 Zino, granulated.

‘¢

A PROCEDURE

41 Pyrolysis tests. A specimen contain-
ing about 0.5 grum of the rubber compound,
trve from adhering fabries or other material,
shall be transferred to the distillation tube of
the distilintion apparatus 3.1.3 and a condenser
tube attached. The distillation tube shall be
fastened in position by means of a clamp and
then heated with a very low flame until the
specimen begins to decompose. When vapor
appears in the tube, the end of tho condenser
tube shall be immersed in 1.5 ml. of solution
No. 2, contnined in a test tube, and the distilla-
tion continned until it has been determined

" whether a color change will develop. The con-

deuser tubwe shal) then be removed fromn solution
No. 2 and transferred to a second receiving tube
containing 1.5 ml. of solution No. 1, and the
distillation eontinumd for a e minutes. The
distillate in the two recciving tubes shall be
cooled and shaken. The tube containing solu-
tion No. ! shall be exammined to' determine
whether the drops of distillate gink or flont on
solution No. 1. Both solutions No. 1 and
No. 2 ahall he oburved for any ecolor change.
Solution No. 1 shall he transferred to a 16- by
150-mun. teat tube, & mi. of absolute methyl aleo-
hol added, the mixture heated on water bath
at 1007 C. (212° F.) for 3 minntes, and any color
that developa recorded. A1l ohservations made
on both solutinns shall be reeorded and the ma-
terinl elassified hy means of table I.

Tamez 1
Bolution Ne. 1 -‘ Solutfon No. 2
Material
Initial enlor Colar aAftswr heating Color

Hlank Palo yellow Pale ynllow QGreen.
Polyvinyl ehloride Yellow Yellow Red.
Chloroprens Do. Paln yeliow green Da.
Nitrile Orange red Red Groen.
Chiproprene-nitrile Do. Do. Yellow to red.
Btyrene Yellow green. Green Green.
Natural rubber Brown Violet bine Deo.
50 styrene-50 rubber Olive green Green blue Do.
Polyisobutylens Yoliow (dropiet floats) Pale bive green Da.
Polyviny! acetate Yollow Pale yellow green Yellow.

FED. TEST GTHOD STD. NO. 228
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4.2 Spot tests.

421 Chloroprenc-nitrile spot tesg. A beat-
ing element such as a knife, file, or iron sball
be hented, either electrically or by means of a
gas flane, to a temperature sufficient to produco
dense fumes but not high enough to ignite the
rubiber specimen.  The rubber specimen shinll
be pressed agninst the heating element until
fumesare liberated. A stripof the chloroprene-
nitrile test. puper shall be moeistenal with the
benzidine hydrochloride-hydroquinene wetting
solution and then held in a parallel position

ahout 5 mun. above the surface of the healing .

unit, which is pressed against the rubber speci-
men wntil a good color is produced on the side
of the paper facing the fumes without scorching
the pnper or the impregnating materiaia

Method 7251

422 Polyisobufylene spot text. This test
shall los condueted as described for chloroprene-
nitrile test in 4.2.1, using filter paper that has
I mvistened with the mercuric oxide sulfurie
acid welting solution.

423 Rubber-styrene apot fesf.  The rubber-
styrene spot test shall e conducted as deseribed
in 421, using the p-dimethylaminebenzalde-
hyde-hydroquinone test paper moistened with
the  toichloroncetic  acid-isopropanol  wetting
solution,

424 ‘The material tested in acenrdance with
421,422, and 4.2.2, shall be classified by refer-
enre to the rolors listed in table IT. The chloro-
prene-nitrile test shall be carried out first. If
both of these compounds are absent the other
tests will normally be successful.

 Tame 11 A

[]

Material Chloroprence-nitriln test ! Polyisnhiyene test n“m";::" yrene
———— : f—- S S J
Chloropren: Red Blank ? Green.
Nitrile (i Pale Lenvin Yellow green.
Chilgropreue-nitriie miabure Red/geenn : Do. Gireen.
Pulvisubutylene Blank * i YoHow \ Pale lavender.
Natural rubber Do. ! ' Seinen Blue, .
Btyrene : Do.1 Do. Hiue green,

1

' Blank ovlor trsts may be pale hrown rather than coloriess,

425 Mizturcs of rudber compounids.
Chloroprene-nitrile mixtures eontaining more
than 30 percent of chloroprene rubber give a
green color on the wet »ortion and a red color
on the dry portion of tho spot test paper when
testel a3 described in 4.2.1. Chloroprens in
quantities less than 30 percent cannot usunlly
be detected in this mixture. Chioroprene
polymer will not normally mask natural or
polyisobutylene elastomers, but wnay mask s
styrene polymer. Nitrile polymer will nusk
styrene and may also cause some difliculty in de-
tecting natural rubher. Puolyisobutylene poly-
mers normally can be detected in the presence
of modernte amounts of the other four elas.
tomers. The chloroprene-nitrile test is not
masked by the presence of the other thres mate-
rinls.  Styrene rubber is quite difficult to detect

unless alone or with only smail amonnts of
other rabber compoundy.  Stvrene elastomer
and natural enbiber together can only be identi-
heel i the range of 50-50 mixtures. These spot
tests pre not slways sufficient for detecting all
rubber compounds. Tlowever, a combination
of thess and the confirmatory tests, 4.5, nre
usually satiefactory for identifying most all
mixtures of elastomers.

43 Confirmatory tests. These tests may
be usel tn confirm the tests made in 4.1 and 4.2,

4.3.1 Chloraprenc polymners.

43.1.1 Jodins_teat. Chloroprene polymers
mny he distinguished fromn the saturated poly-
vinyl type by the iodine test, A specimen of
the elastomer compaund shall be shaken with
2 ml. of iodine solution (0.2 gram of jodine per
liter of carbun tetrachioride). The formation

FoD. To0V NEVHSA ST, iC. 228
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Method 7251

of a violet enlor which fades noticealily in2 or 3
minutes indicntes the presence of chloreprene.

43.1.2 Flame test. A specimen shall be
burned in contact with a clean copper wire. A
persisteut green flame indicates the presence of
chlorino-containing  polymers. This test is
particularly applicable for testing chlovine-
containing polymers in the presence of much
nitrile polymer.

4.3.2 Dalyrinyl a-ctate. A 020 gpeci-
men of the elastomer compound  shall be
transferred to a test tube containing 2 ml of
sulfurie acid, ep. gr. L83, and the wmixture
warmed  gently. 1 decomposition  nccurs
pulyvinyl acetats comnponnd is imliented.

433 Aatural pyhbop nnd «tyrene pp’yn:rr.t,

4.3.3.1  Purclysis teat.  Ahphatic extemiers,
if present, may present distinction berween nat-
uril rubber and styrene polymers Ly the pyeol-
ysis methoad.  These materinls shall b renvved
from the rubber compound by extraction with
chlovoform. A specimen of about 1 gram
shall be transferred to a Soxhlet-type apparatus
containing 50 ml. of chloroform. The speci-
men shall Yee extraered for aboont 4 bourss at
such & rate that abaidd O ninites ane n*qu'n el
ompty and fill the extraction cup, theiy ravoned
from the cup and dried for 1 hour at 70° +1°
C. (158”2 2° F.). The dried specimen shall
be subjected to the pyrolysis test deseribed in
4.1 and the material classified by reference to
table 1.

4332 olor test for natural ruller, This
test may be conducted as further confirmation
of the presence of natural rubler. A epedimen
of nhont 1 gram of the material shall be trans-
ferred to a Soxhlet-type extruction appeentus
containing 50 ml. of acetone. The speciinen
shall be extracted for 16 honrs, heating at such a
rate that about 3 minutes are required to fill
and empty the extraction enp, then removed
and deied for 1 hour at 70°=1° (. ((AR"=0°
F.). 'The extracted specimen shall he placed in
an evaporating dish, covered with carbon tetra-
chloride, and then allowed to rwell. A few
drops of bromiue shall be added and the speci-
men allowed 1o stand for about 2 minutes.  One
gram of pheno! shall be added and the mixture

FSS. TTST MZTIHSS §T0. 13, 228

warmed to remove thoe carbon tetmdnioride. A
bluo or red-violet color indicates. the prosence

of natural rubber. (Oil-type reclaimed rubber -

gives this test but alkali-type reclaim does not.
Polyisoprene alz» gives d positive tost.)

4333 Colarteat foraturenc cnlymers.  The
presence of styiene polyniers may bo further
confirmed by tiiis test, One or two grams of the
specimen shall be extracted with acetone and
dried as described in 4.8.3.2. The dried speci-
men shall be placed ju a amall flask, 20 ml of
nitrie acid, sp. gr. 1.43, added and then refluxed
for 1 hour. The refluzed mixture shall be di-
luted Ly pouring into 100 ml. of water, then
extrncted with 50., 25. and 25-ml. portions of

cther. The ether extracts shall be combined, -

washed twice with 15 ml. of water and the wash-
ings rejected.  The ether solution shall be ex-
tracted with three 15-ml portions of 3 percent
sodinv hydroxide, followed by extraction with
vl of water, and the ether discarded. The
suditn hivdroxide extraets and washing shall be
combined, then made just acid with hydrochlo-
rie aeid, sp. gr. 119, and 20l added in excess.
The =alution =iall he heated on the steam bath
aned nitte benzoic aeid reduced with 5 grams of
granulated zine. The solution shall be made
alknaline with 20 percent sodium hydroxide, add-
ing sullivient excess lo just diesolve the zinc
hydroxide precipitate that forms. The solution
shall be extracted twice with ether and the ether
disearded.  The nqueons solution shall be made
acid with hydrochloric acid, sp. gr. 1.19, conled
to room temperature, nnd 2 ml. of 0.5 N sodium
nitrite added. The solution shall be poured into
an cxcess of a solution of B-naphthel in 5 per-
cent sodinm hydrozide. A vivid scarlet color
indicates the presence of styrene polymers in the
elastomer.

4.3.4 Polyisobntylens polymers. The pres-
ence of polyisobutylene polymer may be further
confirmed by the following: A bent delivery
tubc shall be attached to a test tube No. 1 by
mieans of o rubber stopper.  The delivery tube
shall pass throngh a stopper almost to the bot-
tam of test tube No. 2 having a side arm.  Test
tube No. 2 shall be placed in an ice bath. A

23V
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second delivary tube shall be attached to the side

arm of test tube No. 2 and extended into an open
test tube No. 3 containing 0.5 gram of mercuric
acetate in 10 ml. of methyl alcohol. A 1-gram
specimen of the rubber compound that has been
extracted with acetone and dried as described in
4.3.3.2 ghall be placed in the first test tube and
heated strongly to decompose and distill off the
compound into the second and third test tubes.
The liquid that collects in the second test tube
shnll be rejected. The third test tube shall be
heated to evaporate the methyl aleohol, avoiding
excessive heating near the end of the evapora-
tion. Twenty-five ml. of petroleum ether (b. p.
50°=10° C. (122°=18° F.) shall beadded to the
test tube, and the mixture boiled and filtered.
The Altrale shall be evaporated to a sinall vol-
ume and chilled in ice to erystallize the mercury
derivative. The erystals shall be dried at 35° =
6° C. (95°=9° F.) andthe melting point deter-

Method 7251

mined. The derivative is believed to be meth-
oxy-iso-butyl-mercuri-acetate with a melting
point of about 55° C. (131° F.). The test shall
be further confirmed by a mixed melting point
determination with the mercury derivative of
known polyisobutylene or isobutylenc.

4358 Polysifide rubbers. The polysulfide
rubbers are easily identified by means of odor
and high sulfur content. Additional qualitative
tests include the pronounced swelling action of
acetone (unlike other rubbers except unvulean-
ized nitriles) and the extremely rapid reaction
(5 t> 35 seconds) st 40° C. (104° F.) with a
mixture of equal volumes of concentrated nitric
and sulfuric acids.

§. RESULTS

5.1 Unless otherwise specified in the detail
specification, onie specimen from each jnspection
unit shall be tested.

52 The clastoers found shinll be vecorded.

FLJ. TEST NETHOD STO. 1:6. 228
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Method 801)
April 14, 1967

PICKS PER INCH, BRAID

1. SCOPE

1.1 This method is intended for use in deter-
mining the nmnmber of picks per inch in the
brnid of insulated wire and cable. Fuor the pur-
pose of this method “puks per inch” is defined
as the numt-r of carriers contained in 1 inch
of the braid measured lengthwise of the finished
wire or cuble.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at lenst 4 inches in lengih with
braid intact, from which any covering over the
bruid has been removed.

3. APPARATUS AND REAGENTS

3.1 The apparatus und reugents shall be as
follows: .

811 A threwl counter, pick gluss or other
suitable instrument consisting of u low power

ocular mounted on a rack and pinion over a-

graduated scule. The position of the ocular
with respect to the scule shull be indicated by a
pointer.

3.12 Wining o1 *k,

3.1.3 (Aroroform or other suitable solvent.

I d

4 PROCEDURE

4.1 Any saturants or finishing materials
shall be removed from the surface of the speci-
men by means of the cloth and solvent. The
counting instrwnent shall be pliced on the
specimen so that the graduated surface is par-
allel to the length of the specimen. The zero
graduation on the scale and the pointer shall be
st on a braid intersection and the number of
“carriers” over a length of 1 inch of the braid-
countad and the value recorded. The value ob-
tained is the number of picks per inch.

5. RESULTS

51 Unless otherwise specified in the detail
cpc‘uﬁt ation, (wo specimens, one from each end
of the inspection unit, shall be tested.

52 The muuber of picks per inch of the
braid of the inspection unit shall be the avernge
of the results obtained from tle specimens
tosted.

53 The picks per inch of the braid of the
inspeetion unit shall be recorded to the nearest

0.1 pick.

FED. TEST METHOD STD. NO. 228
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Method 8021
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CARRIERS, ENDS PER CARRIER, AND PLY OF YARNS; BRAID

1. SCOPE

L1 This method isintended for use in deter-
mining the number of carriers, ends per carrier,
and ply of yarn in the braid of insulated wire
and cable. For the purpose of this method,
ends, ply, ply yarn, and carrier are defined as
follows: An “end” is an individual yarn. A
“ply” is an individual single yarn in a ply yarn.
A “ply yarn” is the product formed by twisting
together two or more single yarns. A “carrier”
is the yarn or combination of several yarns laid
parallel in the braid by s aingle bobbin of the
braiding machine.

2. SPECIMEN

21 The specimen shall be & piece of the in-
spection unit at Jeast 4 inches in length with the
braid intact from which any covering over the
braid has been removed.

3. APPARATUS AND REAGENTS

31 The spparatus and reagents shall be as
follows:

3.1.i A4 needie or other poinied insirumeni.

812 Wiping cloth.

813 Chloroform or other suitable solvent.

4. PROCEDURE '

41 Any saturants or finishing materials
shall be removed from the specimen by means
of the cloth and solvent.

42 Number of carriers. The cleaned

braid shall bo separated for a distance of at
least 1 inch of the length of the specimen. The
number of carriers in the whole braid shall then
be counted and the valuc recorded.

43 Ends per carrier. Severnl of the car-
riers shall bo separated, the number of ends
(yarns) per carricr cuunted, and the value re-
corded.

44 Plyof yarn. Severnl of the yarns shall
be untwisted, the number of plies counted, and
the value recorded.

§. RESULTS

51 Unlees otherwine sperified in the detail
specification, one specimen from ench inspec-
tion unit shall be tested.

52 ‘The nunber of enrriers in the broid, thoe
number of ends per carrier, and the number of
plies in the yarn of the inspection unit shall be
the results obtuinel fruin the specimen tested.

53 Whon more than one rpecimen is tested,
the number of carricrs in the braid, the number
of ends per carrier, aid the inunber of plies in
the yarn of the inspection unit shall be the av-
erago of the results obtained from the specimens
tested.

84 The number of carriers por braid, ends
per carrier, and plics per yurn of the inspection
unit shall be recorded to the neurest whole num-
ber.

FED. TEST METHOD STD. NO. 228
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Method 8031
April 14, 1967

YARNS PER INCH, FIBROUS COVERING

1. SCOPE

1.1 Thismethod iintended for use in detee-

wiving the miber of ends (warp yarnsy per’

ineh and the ninber of picks (filling yarns) per
inch i woven tape of insulated wive and eable,

2. SPECIMEN

2.1 Ualess otherwise specified in the detail
specification, the speeimen shall be a picce of
the Gipe at deast 6 inches in length and the full
width of the tape taken from the inspection
unit, '

3. APPARATUS AND REAGENTS

3.1 'The apparatus aud reagents shall be as
fullows:

3L A thread counter, picl: gluss or other
suiteble inxtmement eonsisting of a low power
ocular momnted on a rack and pinion over a
graduated scale.  The position of the ocular
with respest to the scale shall be indicated Ly
a |mill'(‘l‘.

312 oneedle or other pointed tostrament,

248 4ol Lealeor with cover glass.

L Rlatiing paper.

3.L5  Chloroforn or other suitable solvent.

4. 'ROCEDIU'RE

41 Warp yarns. Any salurants or finish-
ing materials shall be removed from the speei-
men by wmeans of the solvent.  The rpeciinen
shall then be dried by pressica @ between blag-
ting pnper and Inid out «ma. ! 7 on a fiat sue-
face withont tension.  The countin, imstiuaont

shall be placed on the specimen so that the grad.
tated elere ie at vight angles (o the yarns (o le
comnted, Startimge with the zero graduation of
the scale nwd the pointer flush with one of tha
cmds (warp yarne), the number of ends (warp
varos) in a distanee of 1 inch of the spreimen
shand) b conptod and the value recorded. 11 the
fabnie i 1 inch or Jess in width all ends shall be
cerntod and the results expressed as ewds (warp
yarus) pwr inch,

4.2 Filling yams. The nwuber of picks
(Mg vornsy par inch shall be determined as
deserthed in 4.1,

4.3 Whoen mare than one tape s prezent,
earh vape shall Lo tested separately.

3 RESULTS

B1  Unleze atherwise epeeified in the detail
specificution, twa specimens, one from each end
of the in-pection anit, shall be tested,

5.2 The ends (warp vurne) per inch of the
tapee od e e pectioan nuir slall be the averago
Bt pearbes elgaing U ofren the ‘:""';"""N
tp':ll'll,

53 The pieka (filling sarne) perineh of the
tnpwe of the inspeetion nnit shall be the average
of the reeylts obtained from the specimens
tostl,

5.4 The ends per inel and the pick < perinch
of the inspection anit sha!l Te recovded to the
nearest whole number,

FED. TEST METHOD STD, NO. 228
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Method 8033
April 14, 1967

YARNS PER INCH, YARNISHED CLOTH

1. SCOPE

1.1 This method is intended for nse in deter-
mining the wumber of ends (warp yarns) per
inch and the number of picks (fithing yarns)
per inch in varnished cinth veed in the insula-
tion of insulated wire and cable.

2. SPECIMEN

21 Tha specinen shall be n piece of the
vnrnished eloth at least 6 inches in Jongith and
tho full width of the tape tnken from a single
tape lnyer of the inspection unit.

3. AI'PARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

LY A thread ecounter, pick glusa or other
pvvitahle instrnent consisting of a low power
oculur moumted on a rack and pinion ovey a
grmdnated seale. The position of the ocular
with respect to the scale shall be indicated by
a painter,

212 A needle or other pointed instrument,

313 A 200-ml. heaker with cover glass.

314 Rlotting paper.

3.1.5 Chluroform or other ruilable snivent.

4. PROCEDURE

4.1 At least 6 inches of ench tape lnyer shall
be removed from the inspection unit. Unless
otherwisze specified in the detail epecification. 10
pervent of the tapes, but in no case less than 5
tapes shall be selected at random for test.

4.2 Warp yarns. Any suturants or finigh-
inge minterials shall e removed feon the speei-
men by means of the solvent. The specimen
shall then be dried by pressing it between blot-

ting paper and laid out smoothly on a flat sur-
face without tension. The sonnting instrinnent
shall be placed on the specimen so that the
gradunted edge is ot right angles to the yarns
to be connted. Starting with the zero gradua-
tion of the scale and the pointer flush with one
of the ends (warp yarns), tho nusber of ends
(warp yarns) in a distance of 1 inch of the
specimen shall be counted and the value re-
eorded.  If the fubric tape is 1 inch or less in
width. all ends shall be rounted and the results
expressed as ends (warp yarns) per inch.

43 Filling yarns. Tho muber of picks
(filling yarns) per inch shall be determined as
deseribed in 4.4,

5. RESULTS .

5.1 Unless otherwise specified in the detail
specification, one specimen from each inspection
unit shall be tested.

52 The ends (warp varne) per inch nf the
lnyer of tape shall be the results obtained from
the specimen tested .

583 The picks (filling yarng) per inch of the
Inyer of tape shall b the results obtained from
the spectmen tested.

53.1 When more than one' specimen is
tested, the ends (warp yarns) per inch and the
picks (filling yarns) per ineh of the layer of
tupe shall be the avernge of the results obtained
from the apecimens tested. .

5.4 Theemds per inch and the picks per inch
of ench tape tested shall be recorded to the near-
est whole number,

FED. TEST METHOD STD. NO. 228
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Mcthod 8041
 April 14, 1967

YARN SIZE, WRAP AND SERVING

1. SCOPE

1.1 This mmethod is intended for use in deter-
mining the size of cotton yarn in cotton wrape
or cotton servings of insulated wire and cable.

2. SPECIMEN

21 The specimen shall bo a piece of the
covering at lcast 20 square inches in area taken
from the inspection unit in the form of a con-
tinuons ribbon, unbroken except for binder
threads,

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows: o

3.L1 Sowmhlet emtraction apparatus. ,

3.12 Oven maintained at 70°=2° C, (158°
=4° F.). :

3.13 Analytical balance and weights.

3.14 Steel scale gradusted to 1%, inch or
finer or its decimal equivalent.

3.15 Scissors.

3.1.6 (’Aloroform or other suitable soivent.

4. PROCEDURE

4.1 ‘I'he ends of the specimen shall be cut
square, the length messured with a steel scale
to the nearest 14, inch and the valuo recorded s
L. The specimen shall be folded and transferred
to nn extrnction apparatus.

42 Tho specimen shall be extracted with the
solvent until all the saturants and finishing ma-
terials have been removed. The extraction is
complote when the solvent fromn the siphon tube
is clear. The specimen shall then be removed

from the -extraction apparatus and dried to a
constant weight in'the oven at 70°=2° C, (158°
=4° F.). The binder threads shall be removed
from the specimen, the total number of ends of
yarns connted and the value recorded as Y.

43 The specimen shall be conditioned for 1
hour at 65=2 percent relative humidity and
tempernture of T0°x2* C. (158°x4° F.),
weighed and the valne recorded as W.

5. RESULTS .

5.1 Calculation. Thesize of yarn in cotton
wraps or servings of the specimen shall be cal-
culated as follows:

Bize of nm-0.0IHX‘N;(LXP

where:
Na=the number of enda of yarn in covering
Lusthe lengtl: of Lhe specimen, Inches
P=the ply of the cotton yarn
Wasthe weight of tbe specimen, grams

52 TUnless otherwiso specified in the detail
specificntion, one specimen from each inspection
unit shall be tested.

B3 The rize of the yarn in the wrap or serv-
ing of the inspection unit shall be the result
obtained fromn the specimen tested.

53.1 When more than onc specimen is
tested, the size of the yarn in the wrap or serv-
ing of the inspection unit shall be the average
of tho results obtained from the specimens
tested.

. 54 Yarn size of the yarn in the wrap or
serving of the inspection unit shall be recorded
to the nearest whole number.

FED. TEST METHOD STD. NO. 228
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Method 8111
April 14, 1967

DIRECTION OF LAY

1. SCOPE

1.1 This methed is intended for use in deter-
wining the direction of twist of any helical ele.
ment such as strunds, conductors, tapes, eotton
wraps or servings, jute bedding, annonng
tape, nrmoring wire, jute serving, eic., of insu-
lated wire and cable. For purpuses of this
specification, direction of lay is defined as the

latern] direction, either right-hand or left- .

hand, in which an element passes over the top
us it recedes from an observer luoking along the
nxis of the wire or cabls, ‘

2. SPECIMEN

2.1 The speciinen ghall be a piece of the in-
spection unit of sufficient length to include at
least two spirals of the element to be tested
from which any covering over the element to be
tested hns heen removed.

8. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
follows:

311 Wied o~ T

3.12 Chlornform or other suitable solvent.

4. PROCEDURE

4.1 The corering material shall be removed
from the specimen and the elements to be exam-
ined exposwl and cleancd if necessury with the
solvent and cloth. Tho direction of lay of the
element sliull be recorded as right-hand or left-
hand. The following definitions shall apply to
the terms right-hand lay and left-hand lay:

(a) Right-hand lay A clockwise twist of
the elamnent away from the observer.

(b) Left-hand lsy. A counterclockwise
twist of the eleinent away from the observer.

5. RESULTS

51 Unless otherwise specificd in the detail
specification, one spectinen from each inspection
unit shatl be tested,

5.2 The direction of Iny of the helical cle-
ment of the inspection unit shall he the result
obtained from the spechinen tested,

5.3 The clement of the inspection unit shall
ho deaiguntad amil its direction of lay (right-
hand or left-hand) recorded.

FED. TEST METHOD STD. NO. 228
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Method 8121
April 14, 1967

COVERAGE, BRAID, METAL ARMOR

1. SCOPE

L1 This method is intended for use in deter-
mining the covernge of braided metal armor
of insulnted wire and cable.

2. SPECIMEN

21 The specimen shall be a piece of the in-
spection unit at least 12 inches in length from
which nny covering over the armor has been
resoved,

3. APPARATUS REAGENTS

3.1 The apparatus and reagents shall be as
described in the methods referenced in 4.

4. PROCEDURE

4.1 The number of picks per inch in the
specimen shall be determined as describod in
method 8011 and the value recorded as P.

2 The numnber of wires per carrier shall

be determined as described in method 8021 and

the value recorded as V.

4.3 The angle of the braid shall be deter-
mined os described in method 1631 and the value
recorded as A.

44 The diameter of the individual braid
wires shall be determined as described in method
1421 and the value recorded as d.

45 The diameter of the cable under the
armor shall be determined as described in

method 1111 for diumeter over the braid and the
value recorded as D.

5. RESULTS

5.1 Calculation. The coverage of the
braided inetal armor of the specimen shall be
calculuted as follows:

Cuveruge, percentss(25—F*) X100
where:

FNPi/sin 4.

Amthe angie of hrald with oxis of cable; Tan. A 18

2*= DP/C.

dr=the dlameicr of individual braid wires, inch.

¢amthe number of carriers,

Dmthe dlumeter of cable under anmnar, inches.

N=the number of rruis per enrcicr.

Peethe nmuber of picke per ineh of enble langth,

5.2 TUnless otherwise speciticd in the detail
specifiention, one gpecimen {rom each inspection
unit shall be tested.

83 The coverage of the armor of the inspec-
tinn unit shall be the result obtained from the
sperimen tested,

53.1 When iwore than one specimen is
testdd, the coverage of the armor of the inspec-
tion unit shall be the aseruge of Lthe results ob-
tained from the specimens tested.

5.4 The coverage of the annor of the inspec-
tion unit shall be recorded to the nearest 1.0
percent.

FED. TEST METHOD STD. NO. 228
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. Method 8131

April 14, 1967

COVERAGE, WRAP OR SERVING

1. SCOPE

1.1 Thismethod is intended for use in deter-
mining the coverage of a cotton serving or wrap
covering on insulated wire or cable.

2. SPECIMEN

21 The specimen shall be a piece of the in-
pection unit of sufficient length to include at
lenst 20 square inches of the wrap or serving
from which any covering over the wrap or
serving has been removed. (See methods re-
quirel in 4.)

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagents shall be as
described in the methods roferenced in 4.

4. PROCEDURE

4.1 The length of lay of the serving or wrap
shull be determined as deseribed in m - hed 1531
and the value recorded as L.

42 The angle of the serving rhall be deter-
mined ns described in method 1621 nnd the value
recorded ns L,

43 The tota) nuinber of ends of yarn in the
specimen shall be determined as deseribed in
method 8031 and the valoe recorded as N.

44 The yarn size shall be determiined as
described in method R041 and the value re-
corded. The constant’D for yarn size is given
in table J.

45 If two wraps or scrvings are present,
ench shall be tested separately.

Tanee I
Nize of yarn Valueof D
EETTA N R 1] SO 0. 0096
1278 0r 28/3. oo e e e . . 0105
10/ or 20/8. v cece e ceeemeneee ceemmen .0il4
12/2unccecece cicoearscnacsnssenn oo . 0158

——— e == e wme e . emm— e me st

5. RESULTS

5.1 Calculation. Tha coverage of the cot-
ton wraps or servings of the specimen shall be
calculated as follows:

Cuverage of rerving or n;rap. pemnt--llw-n v 100 _

2 )
where :

Ne e number of ends of garn In the speciwen.

Aerthe predde hotswenn the yarn and asiz of wiee or

enhle,

I,athe lencth of lay of the wrap or serving, joches,

D=-the constant for yarn gize (table 1),

W a-the equal to P Cos. A,

£the egunl to L Tan. A

52 Uniess othorwise specified in the detadl
specification, ene gpecimen from ench inspec-
tion unit shall be (ested. N

53 “T'he covernge of the wrap or serving of
the inspection unit shall be the result obtained
from the specimen tested.

523 When more than one speaimen is
testeal, the covernge of the wrap or serving of
the inspection unit shall be the average of the
rosults obinined from the specimens tested.

84 The covernge of the wrap or serving of
the inspection unit shall be recorded to the
nearest 1.0 percent.

FED. TEST METHOD STD. NO. 228
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Mcthod 8211
April 14, 1967

MOISTURE ABSORPTION, INSULATION

1. SCOPE ‘

1.1 This nethod is intended for use in deter-
mining the smount of water shsorbed by the
insulatiem over a conductor.

2. SPECIMEN

2.1 If the conductor size is No. 1 AWG or
smaller, the specimen shall consist of a piece
of the inspeetion nnit 11 inches in length from
which nny covering over the insulation has been
removed,

22 Ifthe conductor is No. 0 AWGQ or larger,
the specimen shall consist of & piece of the in-
sulation nppmximately 4 inches in length, 1
inch in width, and 144 inch in thickness taken
from the insulation of the inspection unit. The
gpecimien shall be bufled, method 3011, to re-
move all corrugntions and when neceesary to
obtain a thickness of 1,4 inch.

3. APPARATUS AND REAGENTS

3.1 The apparatus and reagrents shall be as
follows: -

311 Awdytical balance and weights.

312 C(loth, abvorbent gauze.

3.13 Desicrator, vachum.

3.14 Drying oven, ventilated, capable of
niaintaining the specimen at the required tem-
perature within =2°C. (4° F.). '

3.1.5 M andrel with diameter of 4 times the
over-all diameter of the specimen to be tested
2.1). ‘ ,

3.1.6 Thermomcter up to 100° C. (212° F.).

LT Varvum pump,

3.1.8 Waxhkers, nonferrous metal.

319 Water bath, capable of inaintaining
the ‘specimen at the required temperature
within =2° C. (4° F.). The bath shall con-

sist of vitreous-enameled-steel or giasm vessel -

equipped with & closely fitting, sheet-metal
cover plate having holes of sufficient size to ao-
cominodate the ends of the specimen. The
cover shall be of corrosion-resisting metal.
3110 Calciwm chloride, anhydrous, for
desiceant.
3.1.11  Distilled wuter.

3112 Ethyl nlrohol, 95 percent.

4. PROCEDURE

4.1 Conductor No.1 AWG and smaller.

4.11 The circumference of the sperimen
shnll be dotermined as deseribed in method
1441,

412 The surface of the insulstion shall be
cleancd of all fibers and particles of foreign
material by wnenns of the cloth and ethyl alco-
hol. The specimen shall then be dried in a
vactum (pressure of approximately 20 nun. of
mereury) over caleivin chioride at a tempem.-
ture of 70°x2° C. (158°=4° F.) for 24 hours,
cooled to room temperature in a desiccator over
enlcinm chloride, and weighed to the nearest
milligram within 3 minutes afler removal from
the desiccator. The drying and weighing shall
be continued at £4-hour intervals until the
weight is conntant. within 1 milligram in two
consecutive weprhings or until any one weight
is greafer (han the previens serizht,  The lnow.
esl weighi kil o recorded a5 Y.

4.1 The specitsen shall ba bent in the form
of & U around the mandrel which shnll have a
diameter four timesthat of the specimen, Each
end of the specimen shall be inserted through a
hole in the cover plate of the water bath so that
10 inches of the U-shape of the specimen shatl be
exposed below the plate. If the specimen does
not fit the holes tightly, accurately drilled,
closely fitting, nonferrous metal washers shall
be used to complcte the enclosure of the holes
in the cover plate, and to sssist in holding the
specimens tightly in place.

414 The water bath shall be filled with dis-
tilled water and the cover with the specimen in
place shall be piaced over the bath with the
U-portion of the specimen immersed in the
watet. The water level shall be maintnined
flush with the under side of the cover plate
during the test, care being taken that no water
comes in contact with the ends of the specimen.

FED. TEST METKID STB. K. 228
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415 The specimen shall be exposed in the
water bath for a period of 168 hours at & tem-
perature of 70°=2° C. (188°=x4° F.) after
which the cover plate with the specimen shall be
removed from the bath and transferred to a
similar vessel filled with distilled water at o
temperature of 24°=3° C. (75°=8° F.). The
specimen shall be allowed to remain in this bath
for not Jess than 5 minutes nor more than 15
minutes. The washers shall then be carefully
removed from the specimen. The specimen
ghall be removed from the bath and shaken to
remove loose water. The remaining surface
water shall be removed by blotting the specimen
lightly with clean, lintless, absorbent rauge.
The specimen shall then bhe weighed to the
nearest milligram within 3 minutes after re-
moval from the water. This weight shall be
recorded as TV,,

4.1.6 Tho specimen shall be dried in the
vacuum, 4.1.1, over calcium chloride at a (em-
perature of 70°=2° C. (158°=4° F.) for 24
hours, cooled to room temperature in u desicca-
tor, and weighed to the nearest illigrmn
within 3 minutes after removal from desiccntor.
The drying and weighing shall be continued at
24-hour intervals until the weight is constant
within 1 milligram in two consecutive weigh-
ings, or until any one weight is greater than the
previous weight, The lowest weight shall be
recorded ns We

42 Conductor No. 0 AWG and larger.

4.2.1 The buffed specimen rhall be cleancd,
cooled, and the thickness determmined as de-
scribed in method 1124, 'The value shall be re-
corded as 7.

422 Tho specimen shall then be weighed as
described in 4.1.2 and immersed in the water
bath at a temperature of 707 =2° . (158°=4°
F.) for a period of 166 hours. At the end of the
exposure period, the specimen ghall be trans-
ferred to a similar bath of distilled water at s
temperature of 24°=38° C. (75°=5°* F.). The
specimen shall be allowed to remain in this
bath for not less than 5 minutes nor moro than
15 minutes. The specimen shall be removed froin
the bath and ihaken to remove loose surface

Fed. Tauv LEVacD S0, KG. 228

water. The remaining surface water shall be
removed by blotting lightly with clean, lintless,
absorbent gauze snd the specimen weighed as
described in 4.1.8. The specimen shall be
dried, cooled, and weighed as described in 4.1.8.

5. RESULTS

5.1 Calculation

5.1.1 Theares of the immersed portion of the
specimen shall be calculated as follows:

Conductor size No. 1 AWG or amaller:

Ares, § square fucbessmOX L

where:
Cmstbe circumference of speclmen befors bemdiing,
foches .
Lwm=the length of the immersed specimen, inchos,

Conductor size No. 0 or larger:
Ares, 8 nquare Incheas=2(L X W) 4 2T(L4+W)

where: )
Waethe wiilth of the specimen, inch.
Lmmthe lensth of the specimen, nch.

Temthe ihickneas of (he speciwen after bufing, juch,

5.1.2 The moisture shsorption of the speci-
mon shall be calenlatad ns follows:

Where the original weight, T7,, is less than
the final weight, W,, of the dried specimen:

— ¥
Moixtinre nhanrntion jwr sgonre inek :r::azglr—’i———f

‘Where the original weight, W, i greater
than the final weight, W,, of the dried speci-

mnen:

Wy—W,
Moisture abnorption per aquare incii, grauss- ¥

where:

W,m=the crizinal weight of sperimen. xrnnis.

Woathe weight speeimen after bmmersion, srnma.

W,mihe welzht of the spocimen after Suul aryiug,

£enm .
Bum(he aren of Iimmersx} purtion of specivien, squire
inch .

5.2 Uuless otherwise specified in the detail
specification, three specimens from cach inspee-
tion unit ehall be tested.

53 The moisture absorption of the insula-
tion of the inspection unit shall be the average
of the resuits obtained from the specimens
tMCd. . RS

5.4 Moisturce ahsorption of the insulation of
the inspection unit shall be recorded to the
nearest .01 gram per square inch.

uld )

\_/
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MOISTURE ABSORPTION, FIBROUS COVERING

1. SCOPE

1.1 Thisnethod is intended for use in deter-
mining-tbe-amount of water absorbed by the
fibrous covering other than tapes over the in-
sulation of & wire or cable,

2 SPECIMEN

21 The specimen shall consist of a piecs of
the inspection unit 24 =14 inch in Ic.ngth from
which uny covering over tho fibrous covering to
be lested has been removed.

8. APPARATUS AND REAGENTS

31 The apparatus and reagents shall be as
follows:

3.1.1 A dexizccator.

3.12 Analytiral dulance and weiqht.

313 Warer bath equipped with a cover to
keep vut dust and dirt und capable of maintain-
ing the specimen at the required temperature
within =1° C. (2° F.).

3.1.4  Mandrel uf the sizoe required in tablo L

315 Anhydrous calcium chloride.

.18 Distilled water.

4 PROCEDURE

‘4.1 Uniess ntherwise apecificd in the detail

~ specification, the specimen shall be immersed in

water at 21°x1° C. (70°=2°* F.) for a period
of =1 hour.

42 The epecimen shall be free from me-
chanical damnage and shall not be bent or flexed
until it has reached room temperature. Ian-
dling and flexing of the specimen shall be re-
duced to the absolute minimum pecessary in

" testing.

43 The specimen 1llmll be bent aronnd a
mandrel of the diameter specified in table L

=31 dee gize of the wive or calde to be wested is s

No. 2 AW or smaller, as nuany tarns shall be
made about the mandrel as will permit it to con-
forin closely to the mmndrel with a £ to 214-inch
etraight length of the specimen at each end.

Tavek I Moandrel sizea
- ) ]
Bise of wire, AW (3, or circuiar n'l:"::'.'lgl"‘ Rize of wire, AW} or cireular b ‘."‘.::':’;;,"‘ '
niil wres (inclies) mil arce (inches)

No. Jdeeceeeinrciccecaccccmeaceenen s8, L 48000 cbr, mibe e e (11
) T T The o KON wir iAol Ll (hH
N Y0 e tie itcacenannnen % | SHOMD cir. milg. .o eeeee e (T
) (T T T 'y GOH.ON0 (i, Mildeeeeeecennnonsoancann 11
No. G iiieeeiecernceaennn | A1 GHOL000 eif. INIR. conecvcncacracnonenn Yy
WO e eiiecrecee coracrmnmeones 1% TO000 efr. MM ..o e aan '
NO e citceiiccsccocn . camancnnn- 1%, 0000 efr. miln ..o ceeeeiecaaaan 12
NO beee et ctccrcccccnncncaan . 2% e || BOLOOD cir. MMNeeeeeecacenccncacecan 12'%
No. Qoo eieicecvccncnacaen 2% R30,000 eir. mile. o crvceeeccceaca- - 12%4
No. OO e iccevnceccccnonans 3 000,000 cir. mile. . oooen oo 12%
NN, 000..cccencecccrececcnacevcasns Y 980,000 cir. WA, . ceeerecmennnncen: 13%
No.0000. . ..ceveenncrccancnnnsons 1 1000000 efr. milln. . ceveccacncannne. 134
250,000 cir. mits ... .vrineincnnnaa. 8'%e §| 1,250,000 cir. Mil. ceeccneecenanna- 17
300000 cir. g ceeeeecreacccnan-s | 114 1,800,000 eir miln. .. .. o iomieenaee. 18y
350,000 cir. Mild.eeecaereccecnceecceas B 1,750,000 cir. mila. . ..o cencarccnnnce. 193
400,000 cir. mliS. o eeeeceennernnncnncean 8% 2,000,000 cir. mils. ... ..cacecnrananan 2014

' Tho values for mandrel dinmeter in the table apply thrughout to imulated conductors baving two fibrona
coveriugr. For Nus. 14, 12, 10, and 8 AWG earductors having ane Gbrous covering, the mandrel diameters are to

be ¥ . N and 'Y4 iuch, respectivelv

PED. TEST METHOD STD. NO. 228



Downloaded from https://www.everyspec.com

Method 8221

The adjacent turns around the mandrel shall
not touch each other and shall be 3 inch to 1
inch apart. If the size of the wire or cable to
be tested is larger thun No. 2 AWG, a simple
U-turn shall be made about the mandrs).

4.4 The specimen shall be remaved from the
mandrel without disturbing its form, and shall
be placed in the desiccator over anhydrous cal-
cium chloride for not lexs than 18 hours at room
temperature. It shall then be removed from
the desiccator and weighed to tho nearest 10 mg.
within } minutes and the value recorded as W,.

4.5 Tho specimen shall then be immersad in
distilled water for the required perind of time
at the required temperature with 1 inch =14
inch of ench end of the coil or U-bend projecting
above the surface of the water. At the end of
the immersion period the specimen shall be re.
moved from the water Inth, shaken vigoiously
for 5 seconds to remove the adhering moisture,
and weighed to the nearest 10 ing. within 2 nin.
utes, and the value recorded as 17,

4.6 Al fibrons eoverings other than tape
shall then be remioved from the full length of
the specimen. The condurtor, insulation, aml
tape, if any, shall then be weighed to the near-
est 10 mg. and the value recorded aa W,

FED. TEST METHOD STD. NO, 228

4.7 The moisture absorption shall not be
corrected for the portion of the specimen pro-
jecting above the surface of the water.

48 If at any time the water in the bath be-
conies dirty or ghows the presence of a surface
film of dust or wax, it shall be replaced with
fresh distilied water.

§ RESULT

8.1 Calculation. The noisturo absorbed
by the fibrous covering of the specimen sliall be
calculated as follows:

Mointure shworpting, pen-enl—!-':—‘-'-' X100
Wi~W,

ﬂ:l:"::wluht of the dry specimen, gromn

Wem welghit of the specimey after immersion, grams

Wymseweight of cvndnctor, insulation, and any tape,

srawms

52 Unless otherwise speeified in the detail
gpecification, two specimiens from each inspec-
tinn unit. shall be teste:d. '

5.3 Tho muisture absorption of the fibrous
covering of the inspection unit shall be the aver-
age of the results obtnind from the speciniens
tested.

3.4 Maixture shsorption of the fibrous cov-
ering of the inspevtion unit shall be recorded
to the neavest 0.1 percent.

5.5 The temperature and tine of immersion
shall be recorded.

2
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METHOD 8231
April 14, 1967

INSULATION SHRINKAGE (MOLTEN SOLDER METHOD)

1, SCOPE

1.1 This method is intended for use in
deterinining the amount of insulation shrinkage
ur a wire.

2, SPECIMEN

2.1 The specimen shall be a 6-inch length
of insulated wire,

3. APPARATUS
3.1 The apparatus shall be as {ollows:

3. 1.1 A suitable container in which the solder
may be kept.

3. 1.2 Mandrels of the size specified in 4, 1,
4. PROCEDURE

4,'1 Before the addition of any outer coverings,
a 6-inch specimen of insulated wire shall Ye taken
from a point at least six inches from the end of
an inspection unit and shail be prepared for testing
by removing 1/2-inch of insulation at one end,

At a point 1/2-inch from the skinned end of the

" wire, the specimen shall be given a 90° bend over

« mandrel of its own diamneter, The end shall
then be yinmersed for 5 seconds, to within 1/8
inch of the insulation in a container of molten
(60-40 tin-lead) solder maintained at a temper-
ature of approximately 320° C, (608" F), There
shall be no flux used in preparing the wire for
soldering. The Insulation shall not flare away
from the conductor, open up over the bent portion,
nor shrink back more than that specified in

the detail specification or specification sheet.

S. RESULTS

5.1 Unless otherwise specified in the detail
specification or specification sheet, one specimen
from each inspection unit shall be tested.

5.2 the amount of shrinkage shall be
recorded.

FED. TEST METHOD STD. NO. 228
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WEIGHT, WIRE OR CABLE, CONDUCTOR AND
COVERING MATERIAL

1. SCOPE . -

L1 This method is intended for use in deter-
mining the weight of the finished wire or cable,
conductor and vovering inaterials of insulated
wire and cable. It is purticuiarly applicnble
w type URC wenther-resistant wire or any
uther insulated wiro or cable purchased on a
weight basis.

2. SPECIMEN

21 ‘The specimcn shall be o piece of the in-
spection unit at least 2 fect in length.

3. APPARATUS AND REAGENTS

31 ‘The apparatus amd reagents shall be as
follows:

311 Steel seale gradunted to 1y inch or
finer, or its decimnl equivalent.

3.12 Ralanse accurate to 0.20 gram and
weights,

3.13 Wiping cloth.

114 Chioroform, or other suitable snlvent.

4, PROCEDURE

4.1 The specimen, with ends cat squarely
and sinooth, shall be laid out on a smoath hori-
zonta] surface, the length of the specimen

measured to the nearest 14, inch with steel

scale, and the vaiue recorded as L.

4.2 The specimen shall be weighel to within
0.20 gram and the weight recorded as W,

43 ‘The covering shall be removed from the
condnctor and the conductor freed of any ad-
hering material with the solvent and wiping
cloth, weighed to within 0.20 gram, and the
weight recorded as W,.

5. RESULTS

51 Caleculation.

5Ll The weight of 1,000 feet of the cover-
ing materin! shall bo calculated as follows:

Weight of covering wnaterial,
WwW—W,

pounds per 1,000 teet-——z———xm,m

where :

Wa=the weight of (be spechinen in grams

W,=thc weight of (he conductor in grams

Lw=tlhie length of the specitmen ip inches

512 The weight of 1,000 feet of the con-
ductor shall be calculated as follows:

Welght of conductor,
unds per 1,000 feot.ﬂllt"xzﬁ.ﬂﬁ

513 The weight of 1.000 fert of the finished
wire or eable shall be calculated as follows:
Welght Jinishied wire or cable, pounds per 1,000 feet,

mwoighl of eovering material plus ‘welght of

condctor

52 Unless otherwise specified in the detail
specilication, one specimen from each inspec-
tion unit shali be tested.

53 The weight of the covering materisl,
weight of ronductor, and weight of finished
wire or cuble of the inspection unit shall be the
result obtained from tho specimen tested.

531 When more than one specimen is
toated., the weight of the covering material,
weight of the conduetor, and weight of finished
wire or cnble of the inspection unit shall be
the avernge of the results obtuined from the
specimens tested. '

5.4 The weight of covering material, weight
of conductor, and weight of finished wire or
cable of the inspection unit shall be recorded
to (hree significant figares.

FED. TEST METHOD STD. NO. 228
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SPECIFIC GRAVITY; PYCNOMETER

1. SCOPE

1.1 This meihod is intended for use in deter-
mining the specific gravity of rubber insulating
compounds and sheaths. It is particularly ap-
plicable wlhen the specimen is not in the form
of one solid and continuous piece. It is not
as rapid as methiod 8322 but is considered more
accurate.

2 SPECIMEN

2.1 The specimen shall consist of approxi-
mately 1 gram of the insulation or sheath taken
from the inspection unit.

3. APPARATUS AND REAGENTS

8.1 The apparatus and reagents shall be as
follows:

3.1.1 An analytical balancc and weights.

3.1.2 A pycaomeier.

3.13 Ninety-f-- percent ethyl ulcohol.

4. PROCEDU. &

Bpecific grasity (28°/4° C.)=0.00T1X 5

where:
Wimweicht of ihee &jenliven, STamos-

Wemweigiit of prenouieter filled with aleohol, groms,

W swelght of pyenometer filled with specimen and
alcohol, grams.
§.2 Unless otherwise specificd in the detail
specification, two specimens from each inspec-
tion unit shall be tested.

W
W,—(W—W,)

4.1 Unless otherwise specified in the detail
specification, the determination shall be made
at s tempernture of 25°=0.6° C. (77T°=1° F.),
‘unless the coefficient of expansion of the rubber
compound is known, in which case, the de-
termination may be msde at any convenient
temperature and the value corrected to 25° C.

42 The specimen shall be weighed to the
nearcst 0.1 mg. and the weight recorded as W,.

43 The pycnometer shall be filled with 95
percent alcohol, weighed to the nearest 0.1 milli-*
gram and the weight recorded as W,

4.4 The specimen shall then be placed in the
pycnometer which shall be filled with alcohol
and the whole weighed to the nearest 0.1 milli-
gram, and the weight recorded as W,.

5. RESULT

5.1 The specific gravity of the sprcimen at
25°/4° C. shall be ealculated ns follows:

X specific geavity of alcobol at 25°/28° C.

53 The specific gravity of the insulution or
sheath of the inspection unit shail be {he aver-
ago of the results obtained from the specimens
tested. . :

8.4 The specific gravity of the insulation or
sheath of tho inspection unit shall be recorded
to the nearest 0.001. unit.

FED. TEST METHOD STD. NO. 228
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SPECIFIC GRAVITY; HYDROSTATIC

1. SCOPE

1.1 This methed is intended for vse in deter-
mining the specific gravity of rubber insulat-
ing compounds and sheaths. Tt is applicable
to all compounds where the spucimen is in one
picce. It is much fuster than method 8321
but is not eonsidered as nccurute.

2 SPECIMEN

2.1 The specimen shall consist of approxi-
mately 1 grum of the insulution or sheath taken
from the inspection unit

3. APPARATUS AND REAGENTS

3.1 The appuratus and reagents shall be as
follows:

3.0 An analytical balanee and reights,

312 Aac wae approxnnately 0oof iuch
in dizuneter for supporting the specimen,

3.13 Nimty-pive poreent ethyl alcohol.

St Distitied water. '

4. PROCEDURE

4.1 TUnless otherwise specified in the detail
gpecitication, e temperature of the wader dor-
ing the teet it b o2 =—0ne O 7T 1500 U
unloss the cocllicient of expansion of the mate-
rial is known, in which case the defermination

many be made at any temperature and the valuo |

corrveted 1o 25° C.

4.2 ‘The specimen <hall he weighed in the air
and the value recorded ns W,

4.3 ‘The wire for suspending the specimen
shall be attachied to one arin of the balunce,
weigghed in water and the value recorded as
W, noting the depth to which the wire was
immersed.

4.4 ‘The specimen shall be dipped in alcohol
and blotted dry to eliminate the formation of
air bubbles when immcrsed in water. The
specimien shall be altached to the wive, immersed
in water, weighed, and the value recorded as
Wi The second weighing shall bs mude with
the wire immersed in the water to the suno
depth ns previously without the specimen
attached.

45 Al weighings shnll be mado to the neur-
est milligram,

5. RESULTS

5.1 Caleulations. The specific gravity of
the specimen at 25/4° C. shull be caleuluted us

. fu“lv\\ ~ .

Spoetlic gravity (2874 Clam W—T‘i‘t".-- w3 NNMT1
wherse
W -=the weizht of the specimen in afr, grans,
We=ithe weashit of the suppurting wire io weter,
SrinN,

Wa=rthe werzht of the - ot agied Supind Ling wive’
1 '

ER TR A FTL Y Y ST
proagTied orinny,

52 Uuless otherwise specified in the odetail
specification, two speeiimens from eacl inspie-
tion unit shall be tested.

53 The specific gravity of the insulation or
sheath of the inspection anit <hall be the aver-
nge of the residis abuained from the specimens
tested.

5.4  The specific gravity of the tnsulation ar
sheath of the inspection unit shell be revorded
to the nearest 0.001 unit.

FED. TEST METHOD STD. NO. 228
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