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Appendix 537
CONVERSION FACTORS FOR FREQUENTLY
USED UNITS
Measures and Weights
EQUIVALENTS IN OTHER
CLASSIFICATION UNIT UNITS OF SAME SYSTEM METRIC EQUIVALENT
Weight (avoirdupois)
Grain 0.036 dram 0.0648 gram
0.002285 ounce
Dram 27.343 grains 1.771 grams
0.0625 ounce
Ounce 16 drams 28.349 grams
437.5 grains
Pound 16 ounces 0.453 kilogram
7,000 grains
Short ton 2,000 pounds 0.907 metric ton
Long ton 2,240 pounds 1.016 metric ton
(troy)
Grain 0.042 pennyweight 0.0648 gram
0.002083 ounce
Pennyweight 24 grains 1.555 grams
0.05 ounce
Ounce 20 pennyweight 31.103 grams
480 grains
Pound 12 ounces 0.373 kilogram
240 pennyweight
5,760 grams
(apothecaries’)
Grain 0.05 scruple 0.0648 gram
0.002083 ounce
0.0166 dram
Scruple 20 grains 1.295 grams
0.333 dram
Dram 3 scruples 3.887 grams
60 grains
Ounce 8§ drams 31.103 grams
480 grains
Pound 12 ounces 0.373 kilogram
5,760 grains
Volume
Cubic inch 0.00058 cubic foot 16.378 cubic centimeters
0.000021 cubic yard
Cubic foot 1,728 cubic inches 0.028 cubic meter
0.0370 cubic yard
Cubic yard 27 cubic feet 0.765 cubic meter
46,656 cubic inches
(continued )
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Measures and Weights (continued )

EQUIVALENTS IN OTHER

CLASSIFICATION UNIT UNITS OF SAME SYSTEM METRIC EQUIVALENT

U.S. liquid measure

Minim 1/60 fluidram 0.061610 milliliters
0,003759

Fluidram 60 minims 3.696 milliliters
0.225 cubic inch

Fluidounce 8 fluidrams 29.573 milliliters
1.804 cubic inches

Gill 4 Muidounces 118.291 milliliters
7.218 cubic inches

Pint 4 gills 0.473 liter
28.875 cubic inches

Quart 2 pints 0.946 liter
57.75 cubic inches

Gallon 4 quarts 3.785 liters
231 cubic inches

U.S. dry measure

Pint 33.600 cubic inches 0.550 liter

Quart 2 pints 1.101 liters
67.200 cubic inches

Peck 8 quarts 8.809 liters
537.605 cubic inches

Bushel 4 pecks 35.238 liters
2150.42 cubic inches

Length

Inch 0.083 foot 2.540 centimaters
0.027 yard

Foot 12 inches 30.48 centimeters
0.333 yard

Yard 3 feet 0.914 meter
36 inches

Rod 5.50 yards 5.029 meters
16.5 feet

Mile 5,280 feet 1.609 kilometers
1,760 yards

Area

Square inch 0.007 square foot 6.451 square centimeters
0.00077 square yard

Square foot 144 square inches 0.093 square meter
0.111 square yard

Square rod 30.25 square yards 25.293 square meters
0,006 acre

Acre 4,840 square yards 0.405 hectare
43,560 square feet 4,047 square meters

Square mile 640 acres 2,590 square kilometers
102,400 square rods 259.2 hectares
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Appendix 539

Pressure
N/m?
atm psia in Hg* mm Hg* bar kg/em? dyn/em® (pascal)
1 = 146960 = 29921 = 7600 = 101325 = 103323 = 1013250 = 101,325
Volume
in’ fi* gl L m' cm’
1 =5787 = 10 = 4329 = 107 = 0.0163871 = 1.63871 = 107 = 16.3871
Density
I/t Thv/gal lem’ kg/m’ = gL
1 = 0.133680 = 0.016018 = 16.018463
*Mercury.
Temperature Formulas
To convert from to
Degrees Celsius Kelvin T.= 7.4 27315
Degrees Fahrenheit Kelvin T, = (Tp + 459.67)/1.8
Degrees Rankine Kelvin T, =T,/1.8
Degrees Fahrenheit Celsius T = (T, -32)18
Degrees Kelvin Celsius T.=T, - 273.15
Temperature Equivalents
READING IN READING IN
°F OR °C °F OR °C
TO BE TO BE
°F CONVERTED b 3 °F CONVERTED C
— 458 -272.22 —_ -422 -252.22
— —456 -271.11 — 420 -251.11
— 454 -270.00 e 418 250.00
= 452 -268.89 =) 416 ~248.89
— 450 -267.78 — 414 -247.78
— —448 -266.67 — 412 ~246.67
= -446 -265.56 = 410 ~245.56
- 444 -264.44 — 408 —244.44
— 442 -263.33 8= ~406 24333
— —440 -262.22 — —404 -242.22
—_ 438 -261.11 — -402 -241.11
—_ 436 -260.00 — -400 ~240.00
— 434 ~258.89 — -398 -238.89
— —432 -257.78 —_ -396 -237.78
— —430 -256.67 = -394 -236.67
= 428 -255.56 — -392 -235.56
— -426 -254.44 — -390 -234.44
L s 424 -253.33 — -383% -233.33
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Temperature Equivalents (continued)

READING IN READING IN
“FOR °C °F OR °C
TO BE TO BE

P CONVERTED %G w CONVERTED °c

- —386 -232.22 — -292 ~180.00
= -384 —-231.11 — -290 -178.89
= —382 -230.00 — -288 -177.78
-— -380 —228.89 — -286 ~176.67
s -378 -227.78 - -284 -175.56
— -376 -226.67 — 282 ~-174.44
—— -374 -225.56 — -280 -173.33
— -372 -224.44 — -278 -172.22
. 370 -223.33 — -276 -171.11
— -368 -22222 — -274 -170.00
— 366 -221.11 -457.6 =272 -168.89
= -364 -220.00 -454.0 =270 -167.78
== -362 -218.89 -450.4 -268 -166.67
— -360 -217.78 —446.8 -266 -165.56
= 358 -216.67 —443.2 264 -164.44
—= -356 -215.56 —439.2 -262 -163.33
== 354 ~214.44 -436.0 -260 -162.22
— -352 -213.33 -432.4 -258 -161.11
— -350 -212.22 —428.8 -256 -160.00
— 348 =211.11 —425.2 -254 -158.89
— -346 -210.00 —421.6 -252 -157.78
— —344 —208.89 —418.0 -250 -156.67
= 342 -207.78 414.4 -248 -155.56
— -340 -206.67 —410.8 -246 -154.44
— -338 -205.56 -407.2 -244 -153.33
— -336 -204.44 —403.6 ~242 -152.22
— -334 -203.33 —400.0 -240 -151.11
— -332 -202.22 396.4 -238 -150.00
— -330 -201.11 -392.8 -236 —-148.89
= -328 -200.00 -389.2 -234 -147.78
— -326 -198.89 —-385.6 232 —146.67
— —324 -197.78 -382.0 =230 ~145.56
= -322 -196.67 -378.4 ~228 —144.44
s =320 -195.56 -374.8 -226 -143.33
— -318 -194.44 -371.2 -224 —-142.22
— 316 -193.33 -367.6 -222 -141.11
— -314 -192.22 -364.0 -220 -140.00
= -312 -191.11 -360.4 -218 -138.89
— -310 -190.00 -356.8 -216 -137.78
— -308 ~188.89 —353.2 -214 -136.67
= -306 -187.78 —349.6 -212 ~135.56
— -304 -186.67 —346.0 -210 -134.44
=" =302 -185.56 -342.4 -208 -133.33
— -300 -184.44 —-338.8 -206 -132.22
— -298 -183.33 -335.2 -204 -13L.11
— -296 -182.22 -331.6 -202 -130.00
— 294 —181.11 -328.0 -200 —-128.89
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Temperature Equivalents (continued)

READING IN READING IN
°F OR °C “FOR"°C
TO BE TO BE

i . CONVERTED 2C °F CONVERTED c
-324.4 -198 -127.78 -155.2 -104 ~75.56
-320.8 ~196 -126.67 -151.6 -102 ~74.44
-3172 -194 —-125.56 148.0 -100 -73.33
-313.6 -192 ~124.44 1444 -08 -72.22
-310.0 -190 -12333 -140.8 96 -71.11
-306.4 -188 -122.22 -137.2 -94 70.00
-302.8 -186 -121.11 -133.6 -92 ~68.89
-299.2 ~184 -120.00 -130.0 -90 —67.78
—-295.6 -182 ~118.89 -126.4 -88 -66.67
-292.0 -180 -117.78 -122.8 —86 ~65.56
—-288.4 -178 -116.67 -119.2 -84 -64.44
—284.8 -176 115.56 -115.6 -82 -63.33
-281.2 -174 -114.44 -112.0 —80 -62.22
-271.6 -172 -113.33 -108.4 18 -61.11
-274.0 -170 -112.22 -104.8 -76 -60.00
-270.4 -168 -111.11 -101.2 -74 -58.89
-266.8 -166 110.00 -97.6 -72 -57.78
-263.2 ~164 -108.89 -94.0 -70 -56.67
-259.6 -162 ~107.78 -90.4 -68 —55.56
-256.0 -160 -106.67 -86.8 —66 —54.44
2524 -158 -105.56 -83.2 —64 -53.33
-248.8 -156 -104.44 -79.6 —62 -52.22
-245.2 —-154 -103.33 -76.0 ~60 -51.11
—241.6 -152 -102.22 ~72.4 -58 50.00
-238.0 —-150 -101.11 -68.8 -56 -48.89
-234.4 ~148 -100.00 -65.2 -54 -47.78
-230.8 -146 -98.89 -61.6 -52 46.67
-2272 -144 -97.78 -58.0 -50 45.56
-223.6 ~142 -96.67 544 48 -44.44
-220.0 -140 -95.56 50.8 -46 -43.33
-216.4 -138 —94.44 -47.2 ok 42.22
-2128 -136 -93.33 —43.6 42 -41.11
-209.2 ~134 -92.22 —40.0 -40 ~40.00
-205.6 -132 -91.11 -364 -38 -38.89
-202.0 -130 ~90.00 -32.8 -36 -37.78

198.4 -128 -B8.89 -29.2 —34 -36.67
~194.8 -126 -87.78 -25.6 -32 -35.56
-191.2 -124 -86.67 -22.0 -30 -34.44
-187.6 -122 -85.56 -184 -2R -33.33
-184.0 -120 -84.44 -14.8 -26 -32.22
-180.4 ~118 ~83.33 -11.2 -24 =311
-176.8 =116 -82.22 1.6 22 -30.00
-173.2 -114 -81.11 4.0 -20 -28.89
-169.6 112 -80.00 -0.4 -18 -27.78
~166.0 -110 -78.89 +3.2 -16 -26.67
~-162.4 -108 ~77.78 +6.8 ~14 -25.56
~158.8 -106 -16.67 +10.4 -12 ~24.44
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Temperature Equivalents (continued)

READING IN READING IN
“FOR °C “FOR*C
TO BE TO BE

°F CONVERTED °c “F CONVERTED °C

+14.0 -10 -23.33 +100.4 +38 +3.33
+17.6 = —22.22 +102.2 +39 +3.89
+19.4 -7 -21.67 +104.0 +40 +4.44
+21.2 —6 -21.11 +105.8 +41 +5.00
+23.0 -5 -20.56 +107.6 +42 +5.56
+24.8 -4 —-20.00 +109.4 +43 +6.11
+26.6 -3 -19.44 +111.2 +i4 +6.67
+28.4 -2 -18.89 +113.0 +45 +7.22
+30.2 -1 -18.33 +114.8 +46 +7.78
+32.0 0 -17.78 +116.6 +47 +8.33
+33.8 +1 -17.22 +118.4 +48 +8.89
+35.6 +2 -16.67 +120.2 +49 +9.44
+37.4 +3 -16.11 +122.0 +50 +10.00
+39.2 +4 -15.56 +123.8 +51 +10.56
+41.0 +5 -15.00 +125.6 +52 +11L11
+42.8 t6 -14.44 +1274 +53 +11.67
+44.6 +7 -13.89 +129.2 +54 +12.22
+46.4 +8 -13.33 +131.0 +55 +12.78
+48.2 +9 -12.78 +132.8 +56 +13.33
+50.0 +10 -12.22 +134.6 +57 +13.89
+31.8 +11 -11.67 +136.4 +58 +14.44
+53.6 +12 —1L11 +138.2 +59 +15.00
+55.4 +13 -10.56 +140.0 +60 +15.56
+57.2 114 -10.00 ~141.8 +61 +16.11
+59.0 H15 -9.44 +143.6 +62 +16.67
+60.8 H6 ~8.89 +1454 +63 +17.22
+62.6 +17 —-8.33 +147.2 +64 +17.78
+64.4 +18 -7.78 +149.0 +65 +18.33
+66.2 +19 =722 +150.8 +66 +18.89
+68.0 +20 —6.67 +152.6 +67 +19.44
+69.8 +21 -4.11 +154.4 +68 +20.00
+71.6 +22 -5.56 +156.2 +69 +20.56
+73.4 +23 -5.00 +158.0 +70 +21.11
+75.2 +24 444 +159.8 +71 +21.67
+77.0 +25 -3.89 +161.6 +72 +22.22
+78.8 +26 -3.33 +163.4 +73 +22.78
+80.6 +27 -2.78 +165.2 +74 +23.33
+82.4 +28 -2.22 +167.0 +75 +23.89
+84.2 +29 -1.67 +168.8 +76 +24.44
+86.0 +30 -1.11 +170.6 +17 +25.00
+87.8 +31 -0.56 +172.4 +78 +25.56
+89.6 +32 +0.00 +174.2 +79 +26.11
+91.4 +33 +0.56 +176.0 +80 +26.67
+93.2 +34 +1.11 +177.8 +81 +27.22
+95.0 +35 +1.67 +179.6 +82 +27.78
+96.8 +36 +2.22 +181.4 +83 +28.33
+98.6 +37 2,78 +183.2 +84 +28.89
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Appendix 543

Temperature Equivalents (continued)

READING IN READING IN
“F OR °C “FOR°C
TO BE TO BE

°F CONVERTED C ¥ CONVERTED °c

+185.0 +85 +29.44 +269.6 +132 +55.56
+186.8 +86 +30.00 +271.4 +133 +56.11
+188.6 +87 +30.56 +273.2 +134 +56.67
+190.4 +88 +31.11 +275.0 +135 +57.22
+192.2 +89 +31.67 +276.8 +136 +57.78
+194.0 +90 +32.22 +278.6 +137 +58.33
+195.8 +91 +32.78 +280.4 +138 +58.89
+197.6 +92 +33.33 +282.2 +139 +59.44
+199.4 +93 +33.89 +284.0 +140 +60.00
+201.2 +94 +34.44 +285.8 +141 +60.56
+203.0 +95 +35.00 +287.6 +142 +61.11
+204.8 +96 +35.56 +289.4 +143 +61.67
+206.6 +97 +36.11 +291.2 +144 +62.22
+208.4 +98 +36.67 +293.0 +145 +62.78
+210.2 +99 +37.22 +294.8 +146 +63.33
+212.0 +100 +37.78 +296.6 +147 +63.89
+213.8 +101 +38.33 +298.4 +148 +64.44
+215.6 +102 +38.89 +300.2 +149 +65.00
+217.4 +103 +39.44 +302.0 +150 +65.56
+219.2 +104 +40.00 +303.8 +151 +66.11
+221.0 +105 +40.56 +305.6 +152 +66.67
+222.8 +106 +41.11 +307.4 +153 +67.22
+224.6 +107 +41.67 +309.2 +154 +67.78
+226.4 +108 +42.22 +311.0 +155 +68.33
+228.2 +109 +42.78 +312.8 +156 +68.89
+230.0 +110 +43.33 +314.6 +157 +69.44
+231.8 +111 +43.89 +316.4 +158 +70.00
+233.6 +112 +44.44 +318.2 +159 +70.56
+235.4 F113 +45.00 1320.0 +160 +71.11
+237.2 +114 +45.56 +321.8 +161 +71.67
+239.0 +115 +46.11 +323.6 +162 +72.22
+240.8 +116 +46.67 +325.4 +163 +72.78
+242.6 +117 +47.22 +327.2 164 +73.33
+244.4 +118 +47.78 329.0 +165 +73.89
+246.2 +119 +48.33 +330.8 +166 +74.44
+248.0 +120 +48.89 +332.6 +167 +75.00
+249.8 +121 +49.44 +334.4 +168 +75.56
+251.6 +122 +50.00 +336.2 +169 +76.11
+253.4 +123 +50.56 +338.0 170 +76.67
+255.2 +124 +51.11 +339.8 +171 +77.22
+257.0 +125 +51.67 +341.6 +172 +77.78
+258.8 +126 +52.22 +343.4 +173 +78.33
+260.6 +127 +52.78 +345.2 +174 +78.89
+262.4 +128 +53.33 +347.0 +175 +79.44
+264.2 +129 +53.89 +348 8 +176 +80.00
+266.0 +130 +54.44 +350.6 +177 +80.56
+267.8 +131 +55.00 +352.4 +178 +81.11
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Temperature Equivalents (continued)

READING IN READING IN
°F OR °C “EOR °C
TO BE TO BE

9F CONVERTED C P CONVERTED °C

+354.2 +179 +81.67 +449.6 +232 +111.11
+356.0 +180 +82.22 +453.2 +234 +112.22
+357.8 +181 +82.78 +456.8 +236 +113.33
+359.6 +182 +83.33 +460.4 +238 +114.44
+361 4 +183 +83.89 +464.0 +240 +115.56
+363.2 +184 +84.44 +467.6 +242 +116.67
+365.0 +185 +85.00 +471.2 +244 +117.78
+366.8 +186 185.56 +474.8 +246 +118.89
+368.6 +187 +86.11 +478.4 +248 +120.00
+370.4 +188 +86.67 +482.0 +250 +121.11
+372.2 +189 +87.22 +485.6 +252 +122.22
+374.0 +190 +87.78 +489.2 +254 +123.33
+375.8 +191 +88.33 +492.8 +256 +124.44
+377.6 +192 +88.89 +496.4 +258 +125.56
+379.4 +193 +89.44 +500.0 +260 +126.67
+381.2 +194 +90.00 +503.6 +262 +127.78
+383.0 +195 +90.56 +507.2 +264 +128.89
+384.8 +196 +91.11 +510.8 +266 +130.00
+386.6 +197 +91.67 +514.4 +268 +131.11
+388.4 +198 +92.22 +518.0 +270 +132.22
+390.2 +199 +92.78 +521.6 +272 +133.33
+392.0 +200 +93.33 +525.2 +274 +134.44
+393.8 +201 +93.89 +528.8 +276 +135.56
+395.6 +202 +94.44 +5324 +278 +136.67
+397.4 +203 +95,00 +536.0 +280 +137.78
+399.2 +204 +95.56 +539.6 +282 +138.89
+401.0 +205 +96.11 +543.2 +184 +140.00
+402.8 +206 +96.67 +546.8 +286 +141.11
+404.6 +207 +97.22 +550.4 +288 +142.22
+406.4 +208 +97.78 +554.0 +290 +143.33
+408.2 +209 +98.33 +557.6 +292 +144.44
+410.0 +210 +08.89 +561.2 +204 +145.56
+411.8 +211 +99.44 +564.8 +206 +146.67
+413.6 +212 +100.00 +568.4 +298 +147.78
+415.4 +213 +100.56 +572.0 +300 +148.89
+417.2 +214 +101.11 +575.6 +302 +150.00
+419.0 +215 +101.67 +579.2 +304 +151.11
+420.8 +216 +102.22 +582.8 +306 +152.22
+422.6 +217 +102.78 +586.4 +308 +153.33
+424.4 +218 +103.33 +590.0 +310 +154.44
+426.2 +219 +103.89 +593.6 +312 +155.56
+428.0 +220 +104.44 +597.2 +314 +156.67
+431.6 222 +105.56 +600.8 +316 +157.78
+435.2 +224 +106.67 +604.4 +318 +158.89
+438.8 +226 +107.78 +608.0 +320 +160.00
+442 4 +228 +108.89 +611.6 +322 t161.11
+446.0 +230 +110.00 +615.2 +324 +162.22
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Temperature Equivalents (continued)
READING IN READING IN
°FOR °C °F OR °C
TO BE TO BE
°F CONVERTED °c °F CONVERTED e
+618.8 +326 +163.33 +791.6 +422 +216.67
+622.4 +328 +164.44 +795.2 +424 +217.78
+626.0 +330 +165.56 +798.8 +426 +218.89
+629.6 +332 +166.67 +802.4 +428 4220.00
+633.2 +334 +167.78 +806.0 +430 +221.11
+636.8 +336 +168.89 +809.6 +432 +222.22
+640.4 +338 +170.00 +813.2 +434 +223.33
+644.0 +340 HTL11 816.8 +436 +224.44
+647.6 +342 +172.22 +820.4 +438 +225.56
+651.2 +344 +173.33 +824.0 1440 +226.67
+654.8 +346 +174.44 +827.6 +442 +221.78
+658.4 1348 #175.56 +831.2 +444 +228.89
+662.0 +350 +176.67 +834.8 +446 +230.00
+665.6 +352 +177.78 +838.4 +448 +231.11
+669.2 +354 +178.89 +842.0 +450 +232.22
+672.8 +356 +180.00 +845.6 +452 +233.33
+676.4 +358 +181.11 +849.2 1454 +234.44
+680.0 +360 +182.22 +852.8 456 +235.56
+683.6 +362 +183.33 +856.4 +458 +236.67
+687.2 +364 +184.44 +860.0 +460 +237.78
+690.8 +366 +185.56 +863.6 +462 1238.89
+694.4 +368 +186.67 +867.2 +464 +240.00
+698.0 +370 +187.78 +870.8 +466 +241.11
+701.6 +372 +188.89 +874.4 +468 +242.22
+705.2 +374 +190.00 +878.0 +470 +243.33
+708.8 1376 +191.11 +881.6 +472 1244.44
+712.4 +378 +192.22 +885.2 +474 +245.56
+716.0 +380 +193.33 +888.8 +476 +246.67
+719.6 +382 +194.44 +892.4 +478 +247.78
+723.2 +384 +195.56 +896.0 +480 +248.89
+726.8 +386 +196.67 +899.6 +482 +250.00
+730.4 388 +197.78 +903.2 +484 +251.11
+734.0 390 +198.89 +906.8 +486 +252.22
+737.6 +392 +200.00 +910.4 +488 +253.33
+741.2 +394 1201.11 +914.0 +490 +254.44
+744.8 396 £202.22 +917.6 492 1255.56
+748.4 +398 +203.33 +921.2 +494 +256.67
+752.0 +400 +204.44 +924.8 +496 +257.78
+755.6 +402 +205.56 +928.4 +498 +258.89
+759.2 +404 +206.67 +932.0 +500 +260.00
+762.8 1406 +207.78 +935.6 +502 1261.11
+766.4 +408 +208.89 +039.2 +504 +262.22
+770.0 +410 +210.00 +942.8 +506 +263.33
+773.6 +412 +211.11 1946.4 +508 +264.44
+777.2 +414 +212.22 +950.0 £510 +265.56
+7R0.8 +416 +213.33 +953.6 +512 +266.67
+784.4 +418 +214.44 149572 +514 +267.78
+788.0 +420 +215.56 +960.8 +516 +268.89
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Temperature Equivalents (continued)

READING IN READING IN
°F OR °C °FOR °C
TO BE TO BE

F CONVERTED ‘e °F CONVERTED b
+064.4 k518 +270.00 +1133.6 +612 +322.22
+968.0 +520 +271.11 +1137.2 +614 +323.33
+971.6 +522 +272.22 +1140.8 +616 +324.44
+975.2 +524 +273.33 +1144.4 +618 +325.56
+978.8 +526 +274.44 +1148.0 +620 +326.67
+082.4 +528 +275.56 +1151.6 +622 +327.78
+986.0 +530 +276.67 +1155.2 +624 +328.89
+989.6 1532 +277.78 +1158.8 +626 +330.00
+993.2 +534 +278.89 +1162.4 +628 +331.11
+996.8 +536 +280.00 +1166.0 +630 +332.22
1000.4 +538 +281.11 +1169.6 +632 +333.33
+1004.0 +540 +282.22 +1173.2 +634 +334.44
+1007.6 +542 +283.33 +1176.8 +36 +335.56
+1011.2 +544 +284.44 +1180.4 +638 +336.67
+1014.8 +546 +285.56 +1184.0 +640 +337.78
+1018.4 +548 +286.67 +1187.6 +642 +338.89
+1022.0 +550 +287.78 +1191.2 +644 +340.00
+1025.6 +552 +288.89 +1194.8 +o46 +341.11
+1029.2 +554 £290.00 +1198.4 +H648 +342.22
+1032.8 +556 +291.11 +1202.0 +650 +343.33
+1036.4 +558 +292.22 +1205.6 +652 +344.44
+1040.0 +560 +293.33 +1209.2 +654 +345.56
+1043.6 +562 +294.44 +1212.8 +656 +346.67
+1047.2 1564 +295.56 +1216.4 +658 +347.78
+1050.8 +566 +296.67 +1220.0 +660 +348.89
+1054.4 +568 +297.78 +1223.6 +662 +350.00
+1058.0 +570 +298.89 +1227.2 +664 +351.11
+1061.6 +572 +300.00 +1230.8 +666 +352.22
+1065.2 +574 +301.11 +12344 +668 +353.33
+1068.8 +576 1302.22 +1238.0 +670 +354.44
+1072.4 +578 +303.33 +1241.6 +672 +355.56
+1076.0 +580 +304.44 +1245.2 +674 +356.67
+1079.6 +582 +305.56 F1248.8 +676 +357.78
+1083.2 +584 +306.67 +1252.4 +HH78 +358.89
+1086.8 +586 +307.78 +1256.0 +680 +360.00
+1090.4 +588 +308.89 +1259.6 +682 +361.11
+1094.0 +590 +310.00 +1263.2 +684 +362.22
+1097.6 +592 +311,11 +1266.8 +686 +363.33
+1101.2 +594 +312.22 +1270.4 +688 +364.44
+1104.8 +596 +313.33 +1274.0 +690 +365.56
+1108.4 +598 +314.44 +1277.6 +692 +366.67
+1112.0 +600 +315.56 +1281.2 +694 +367.78
+1115.6 +602 +316.67 +1284.8 +696 +368.89
+1119.2 +604 +317.78 +1288.4 +698 +370.00
+1122.8 +606 +318.89 +1292.0 +700 +371.11
+1126.4 +608 +320.00 +1295.6 +702 +372.22
+1130.0 +610 +321.11 +1299.2 +704 +373.33
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Temperature Equivalents (continued)

READING IN READING IN
°F OR °C °FOR °C
TO BE TO BE

°F CONVERTED °C °F CONVERTED °C

+1302.8 +706 +374.44 +1468.4 +798 +425.56
+1306.4 +708 +375.56 +1472.0 +800 +426.67
+1310.0 +710 +376.67 +1475.6 +802 +427.78
+1313.6 +712 +377.78 +1479.2 +804 +428.89
+1317.2 +714 +378.89 +1482.8 +806 +430.00
+1320.8 +716 +380.00 +1486.4 +808 +431.11
+1324.4 +718 +381.11 +1490.0 +810 +432.22
+1328.0 +718 +381.11 +1493.6 +812 +433.33
+1328.0 +720 +382.22 +1497.2 +814 +434.44
+1331.6 +722 +383.33 +1500.8 +816 +435.56
+1335.2 +724 +384.44 +1504.4 +818 +436.67
+1338.8 <726 +385.56 +1508.0 +820 +437.78
+13424 +728 +386.67 +1511.6 +822 +438.89
+1346.0 +730 +387.78 +1515.2 +824 +440.00
+1349.6 1732 +388.89 +1518.8 +826 F441.11
+1353.2 +734 +390.00 +1522.4 HE28 +442.22
+1356.8 +736 +391.11 +1526.0 830 +443.33
+1360.4 +738 +392.22 +1529.6 +832 +444.44
+1364.0 +740 +393.33 +1533.2 +834 +445.56
+1367.6 +742 +394.44 +1536.8 +836 +446.67
+1371.2 +744 +395.56 +1540.4 +838 +447.78
+1374.8 +746 +396.67 +1544.0 +840 +448.89
+1378.4 +748 +397.78 +1547.6 +842 +450.00
+1382.0 +750 +398.89 +1551.2 +844 +451.11
+1385.6 +752 +400.00 +1554.8 1846 +452.22
+1389.2 +754 +401.11 +1558.4 +B48 +453.33
+1392.8 +756 +402.44 +1562.0 +850 +454.44
+1396.4 +758 +403.33 +1565.6 +852 +455.56
+1400.0 +760 +404.44 +1569.2 +354 +456.67
+1403.6 +762 +405.56 +1572.8 +B56 +457.78
+1407.2 +764 +406.67 +1576.4 +858 +458.89
+1410.8 +766 +407.78 +1580.0 +860 +460.00
t1414.4 +768 +408.89 +1583.6 +862 +461.11
+1418.0 +770 +410.00 +1587.2 +864 +462.22
+1421.6 +772 +411.11 +1590.8 +866 +463.33
+1425.2 +774 +412.22 +1594.4 +868 +464.44
+1428.8 +776 +413.33 +1598.0 +870 +465.56
+1432.4 +778 +414.44 +1601.6 +872 +466.67
+1436.0 +780 +415.56 +1605.2 +874 +467.78
+1439.6 +782 +416.67 +1608.8 +876 +468.89
+1443.2 +784 +417.78 +1612.4 +878 +470.00
+1446.8 +786 +418.89 +1616.0 +880 +471.11
+1450.4 +788 +420.00 +1619.6 +882 +472.22
+1454.0 +790 +421.11 +1623.2 +884 +473.33
+1457.6 +792 +422.22 +1636.8 +RE6 +474.44
+1461.2 +794 +423.33 +1630.4 +888 +475.56
+1464.8 +796 +424.44 +1634.0 +890 +476.67
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Temperature Equivalents (continued)

READING IN READING IN
°FOR °C ‘FOR°C
TO BE TO BE

°F CONVERTED °C °F CONVERTED b &

+1637.6 +892 +477.78 +1806.8 +986 +530.00
+1641.2 +894 +478.89 +1810.4 +988 +531.11
+1644.8 +896 +480.00 +1814.0 +990 +532.22
+1648.4 +898 +481.11 +1817.6 +992 +533.33
+1652.0 +900 +482.22 +1821.2 +994 +534.44
+1655.6 +902 +483.33 +1824.8 +996 +535.56
+1659.2 +904 +484.44 +1828.4 +998 +536.67
+1662.8 +906 +485.56 +1832.0 +1000 +537.78
+1666.4 +008 +486.67 +1850.0 +1010 +543.33
+1670.0 +910 +487.78 +1868.0 +1020 +548.89
+1673.6 +912 +488.89 +1886.0 +1030 +554.44
+1677.2 +914 +490.00 +1904.0 +1040 +560.00
+1680.8 +916 +491.11 +1922.0 +1050 +565.56
+1684.4 918 +492.22 +1940.0 +1060 +571.11
+1688.0 +920 1493.33 +1958.0 +1070 +576.67
+1691.6 +922 1494.44 +1976.0 +1080 +582.22
+1695.2 924 +495.56 +1994.0 +1090 +587.78
+1698.8 +926 +496.67 +2012.0 +1100 +593.33
+1702.4 +928 +497.78 +2030.0 +1110 +598.89
+1706.0 +930 +498.89 +2048.0 +1120 +604.44
+1709.6 +932 +500.00 +2066.0 +1130 +610.00
+1713.2 +934 +501.11 +2084.0 +1140 +615.56
+1716.8 +936 +502.22 #2102.0 +1150 +621.11
+17204 +938 +503.33 +2120.0 +1160 +626.67
+1724.0 4940 +504.44 +2138.0 +1170 +632.22
+1727.6 +942 +505.56 +2156.0 +1180 +637.78
+1731.2 +944 +506.67 +2174.0 +1190 +643.33
+1734.8 +946 +507.78 +2192.0 +1200 +648.89
+17384 +048 +508.89 +2210.0 +1210 +654.44
+1742.0 +950 +510.00 +2228.0 +1220 +660.00
+1745.6 +952 +511.11 +2246.0 +1230 +665.56
+1749.2 +954 +512.22 +2264.0 +1240 +671.11
+1752.8 +956 +513.33 +2282.0 +1250 +676.67
+1756.4 +958 +514.44 +2300.0 +1260 +682.22
+1760.0 +960 +515.56 +2318.0 +1270 +687.78
+1763.6 +962 +516.67 +2336.0 +1280 +693.33
+1767.2 1964 +517.78 +2354.0 +1290 +698.89
+1770.8 +966 +518.89 +2372.0 +1300 +704.44
+1774.4 +968 +520.00 +2390.0 +1310 +710.00
+1778.0 +970 +521.11 +2408.0 +1320 +715.56
+1781.6 +972 +522.22 +2426.0 +1330 +721.11
+1785.2 +974 +523.33 +2444.0 +1340 +726.67
+1788.8 +976 +524.44 +2462.0 +1350 +732.22
+1792.4 +978 +525.56 +2480.0 +1360 +737.78
+1796.0 +980 +526.67 +2498.0 +1370 +743.33
+1799.6 +982 +527.78 +2516.0 +1380 +748.89
+1803.2 +984 +528.89 +2534.0 +1390 +754.44
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Temperature Equivalents (continued)
READING IN READING IN
°F OR °C °F OR °C
TO BE TO BE
°F CONVERTED °C °F CONVERTED °C
+2552.0 +1400 +760.00 +3398.0 +1870 +1021.1
+2570.0 +1410 +765.56 +3416.0 +1880 +1026.7
+2588.0 +1420 +77111 +3434.0 +1890 +1032.2
+2606.0 +1430 +776.67 +3452.0 +1900 +1037.8
+2624.0 +1440 1782.22 +3470.0 ~1910 +1043.3
+2642.0 +1450 +787.78 +3488.0 +1920 +1048.9
+2660.0 +1460 +793.33 +3506.0 +1930 +1054.4
+2678.0 +1470 +798.89 +3524.0 11940 +1060.0
+2696.0 +1480 +804.44 +3542.0 +1950 +1065.6
+2714.0 +1490 +810.00 +3560.0 +1960 +1071.1
+2732.0 +1500 +815.56 +3578.0 +1970 +1076.7
+2750.0 +1510 +821.11 +3596.0 +1980 +1082.2
+2768.0 +1520 +826.67 +3614.0 +1990 +1087.8
+2786.0 +1530 +832.22 +3632.0 +2000 +10933
+2804.0 +1540 +837.78 +3650.0 +2010 +1098.9
+2822.0 +1550 +843.33 +3668.0 £2020 +1104.4
+2840.0 +1560 +848.89 +3686.0 12030 +1110.0
+2858.0 +1570 1854.44 +3704.0 +2040 +1115.6
+2876.0 +1580 +860.00 +3722.0 +2050 +1121.1
+2894,0 +1590 +R65.56 +3740.0 +2060 +1126.7
+2912.0 +1600 +871.11 +3758.0 +2070 $1132.2
+2930.0 +1610 +876.67 +3776.0 +2080 111378
+2948.0 +1620 +882.22 +3794.0 +2090 11143.3
+2966.0 +1630 +887.78 +3812.0 +2100 +1148.9
+2984.0 +1640 +893.33 +3830.0 +2110 +1154.4
+3002.0 +1650 +898.89 +3848.0 +2120 +1160.0
+3020.0 +1660 +904.44 1+3866.0 +2130 +1165.6
+3038.0 +1670 +910.00 +3884.0 #2140 +1171.1
+3056.0 +1680 +015.56 £3902.0 +2150 +1176.7
+3074.0 +1690 1921.11 +3920.0 +2160 11182.2
+3092.0 +1700 +926.67 +3938.0 12170 +1187.8
431100 F1710 +932.22 +3956.0 +2180 +1193.3
131280 #1720 +937.78 13974.0 +2190 1198.9
+3146.0 1730 +94333 13992.0 +2200 +1204.4
+3164.0 +1740 +948.89 +4010.0 +2210 +1210.0
+3182.0 +1750 +954.44 +4028.0 +2220 F1215.6
+3200.0 +1760 +960.00 +4046.0 +2230 +1221.1
+3218.0 +1770 +965.56 +4064.0 +2240 +1226.7
£3236.0 11780 +971.11 +4082.0 +2250 +1232.2
+3254.0 +1790 +976.67 +4100.0 42260 +1237.8
£3272.0 +1800 +982,22 14118.0 +2270 +12433
+3290.0 +1810 +987.78 +4136.0 +2280 +1248.9
+3308.0 +1820 +993.33 +4154.0 +2290 +1254.4
+3326.0 +1830 +998 89 +4172.0 +2300 +1260.0
+3344.0 +1840 +1004.4 +4190.0 +2310 +1265.6
+3362.0 +1850 +1010.0 +4208.0 12320 +1271.1
+3380.0 +1860 +1015.6 +4226.0 +2330 +1276.7
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Temperature Equivalents (continued)

READING IN READING IN
“F OR °C “FOR°C
TO BE TO BE

°F CONVERTED °C °F CONVERTED &
+4244.0 +2340 +1282.2 +4946.0 +2730 +1498.9
+4262.0 +2350 +1287.8 +4964.0 +2740 +1504.4
+4280.0 +2360 +1293.3 +4982.0 +2750 +1510.0
+4298.0 +2370 +1298.9 +5000.0 +2760 +1515.6
+4316.0 +2380 +1304.4 +5018.0 +2770 +1521.1
+4334.0 +2390 +1310.0 +5036.0 +2780 +1526.7
+4352.0 +2400 +1315.6 +5054.0 +2790 +1532.2
+4370.0 +2410 +1321.1 +5072.0 +2800 +1537.8
+4388.0 +2420 +1326.7 +5090.0 +2810 +1543.3
+4406.0 +2430 +1332.2 +5108.0 +2820 +1548.9
+4424.0 +2440 +1337.8 +5126.0 +2R30 11554.4
+4442.0 +2450 +1343.3 +5144.0 +2840 +1560.0
+4460.0 +2460 +1348.9 +5162.0 +2850 +1565.6
+4478.0 +2470 +1354.4 +5180.0 +2860 +1571.1
+4496.0 +2480 +1360.0 +5198.0 +2870 +1576.7
+4514.0 +2490 +1365.6 +5216.0 +2880 +1582.2
+4532.0 +2500 +1371.1 +5234.0 +2890 +1587.8
+4550.0 +2510 +1376.7 +5252.0 +2900 +1593.3
+4568.0 +2520 +1382.2 +5270.0 +2910 +1598.9
+4586.0 +2530 +1387.8 +5288.0 +2920 +1604.4
+4604.0 +2540 +1393.3 +5306.0 +20930 +1610.0
+4622.0 +2550 +1398.9 +5324.0 +2940 +1615.6
+4640.0 +2560 +1404.4 +5342.0 +2950 +1621.1
+4658.0 +2570 +1410.0 +5360.0 +2960 +1626.7
+4676.0 +2580 +1415.6 +5378.0 +2970 +1632.2
+4694.0 +2590 +1421.1 +5396.0 +2080 +1637.8
+4712.0 +2600 +1426.7 +5414.0 +29%90 +1643.3
+4730.0 +2610 +1432.2 +5432.0 +3000 +1648.9
+4748.0 +2620 +1437.8 +5450.0 +3010 +1654.4
+4766.0 +2630 +1443.3 +5468.0 +3020 +1660.0
+4784.0 +2640 +1448.9 +5486.0 +3030 +1665.6
+4802.0 +2650 +1454.4 +5504.0 +3040 +1671.1
+4820.0 +2660 +1460.0 +5522.0 +3050 +1676.7
+4838.0 +2670 +1465.6 +5540.0 +3060 +1682.2
+4856.0 +2680 +1471.1 +5558.0 +3070 +1687.8
+4874.0 +2690 +1476.7 +5576.0 +3080 +1693.3
+4892.0 +2700 +1482.2 +5594.0 +3090 +1698.9
+4910.0 +2710 +1487.8 +5612.0 +3100 +1704.4
+4928.0 +2720 +1493.3

INDUSTRY AND FEDERAL STANDARDS
AND SPECIFICATIONS

Following is a sequential listing of key industry and Federal standards and specifica-
tions referenced in this handbook.
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American National Standards Institute (ANSI) Specification Page
C8.35 Weather-Resistant Wire and Cable—Polyethylene (PE) Type 158
American Society for Testing and Materials (ASTM) Standards Page
B 49 Hot-Rolled Copper Redraw Rod for Electrical Purposes 200
B 115 Electrolytic Cathode Copper 200
D 69 Friction Tape for General Use for Electrical Purposes 344
D 351 Natural Muscovite Block Mica and Thins Based on Visual Quality 403, 405,
406
D 353 Natural Rubber Insulation for Wire and Cable, 60°C Operation 169
D 372 Flexible Treated Sleeving Used for Electrical Insulation 394, 396,
397, 400

D 373 Black and Yellow Straight-Cut and Bias-Cut Varnished Cotton Cloth
and Tape for Electrical Insulation 356, 358, 359

D 469 Natural Rubber Heat-Resisting Insulation for Wire and Cable, 75°C
Operation 169
D 532 Natural Rubber Jacket for Wire and Cable 169
D 668 Dimensions of Rigid Rods and Tubes Used for Electrical Insulation 269
D 709 Laminated Thermosetting Materials 269
D 710 Vulcanized Fibre Sheets, Rods, and Tubes Used for Electrical Insulation 325
D R66 Styrene-Butadiene (SBR) Synthetic Rubber Jacket for Wire and Cable 169
D 883 Plastics, Definitions of Terms 269
D 922 Nonrigid Vinyl Chloride Polymer Tubing 376,379
D 1047 Poly(Vinyl Chloride) Jacket for Wire and Cable 165
D 1248 Polyethylene Molding and Extrusion Materials 156
D 1305 Electrical Insulating Paperboard—Sulfate of Kraft Layer Type 323
D 1351 Polyethylene Insulated Wire and Cable 156
D 1352 Ozone-Resisting Butyl Rubber Insulation for Wire and Cable 172
D 1430  Polychlorotrifluoroethylene (PCTFE) Plastics 147
D 1457 PTFE Molding and Extrusion Materials 147
D 1459 Silicone Varnished Glass Cloth and Tape for Electrical Insulation 358
D 1523 Synthetic Rubber Insulation for Wire and Cable, 90°C Operation 172
D 1532 Polyester Glass-Mat Sheet Laminate 277
D 1674 Polymerizable Embedding Compounds 180

D 1679  Synthetic Rubber Heat- and Moisture-Resisting Insulation for Wire and

Cable, 75°C Operation 172
D 1867 Copper-Clad Thermosetting Laminates for Printed Wiring 293-295
D 1931 Fully Cured Silicone Rubber-Coated Glass Fabric and Tapes 356, 360, 361
D 1933 Nitrogen Gas as an Electrical Insulating Material 440
D 2116 FEP-Fluorocarbon Molding and Extrusion Materials 147

556



552 Handbook of Electrical and Electronic Insulating Materials

American Society for Testing and Materials (ASTM) Standards (cont.) Page
D 2131 Natural Muscovite Mica Splittings 406
D 2219  Poly (Vinyl Chloride) Insulation for Wire and Cable, 60°C Operation 165
D 2220  Poly (Vinyl Chloride) Insulation for Wire and Cable, 75°C Operation 165
D 2233 Chlorinated Aromatic Hydrocarbons (Askarels) for Capacitors 463
D 2283 Chlorinated Aromatic Hydrocarbons for Transformers 463
D 2296 Continuity of Quality of Electrical Insulating Polybutene Oil

for Capacitors 459, 460, 461
D 2301 Vinyl Chloride Plastic Pressure-Sensitive Electrical Insulating Tape 344, 345,

346

D 2308 Polyethylene Jacket for Electrical Insulated Wire and Cable 156
D 2400 Black and Yellow Varnished Glass-Polyester Cloth and Tape 356, 360, 361
D 2436 Forced-Convection Laboratory Ovens for Electrical Insulation 238
D 2442 Alumina Ceramics for Electrical and Electronic Applications 423, 425
D 2472 Sulfur Hexafluoride 440, 441
D 2484  Polyester Film Pressure-Sensitive Electrical Insulating Tape 345, 347
D 2647 Crosslinkable Ethylene Plastics 156
D 2655  Crosslinked Polyethylene Insulation for Wire and Cable Rated 0 to

2000V 156
D 2656 Crosslinked Polyethylene Insulation for Wire and Cable Rated 2001 to

35,000V 156
D 2686 Tetrafluoroethylene-Backed Pressure-Sensitive Electrical

Insulating Tape 345, 347
D 2754 High-Temperature Glass Cloth Pressure-Sensitive Electrical Tape 345, 348

349

D 2757  Impervious Steatite Ceramics for Electrical and Electronic

Applications 425, 426
D 2768 General-Purpose Ethylene-Propylene Rubber Jacket for Wire and Cable 172
D 2770 Ozone-Resisting Ethylene-Propylene Rubber Integral Insulation and

Jacket for Wire and Cable 172
D 2802 Ozone-Resistant Ethylene-Propylene Rubber Insulation for Wire

and Cable 172
D 2902 Fluoropolymer Resin Heat-Shrinkable Tubing 376, 380, 382
D 2903 Neoprene Heat-Shrinkable Tubing 376, 382
D 3005 Low-Temperature Resistant Vinyl Chloride Plastic Pressure-Sensitive

Electrical Insulating Tape 344, 348, 349
D 3006 Polyethylene Plastic Pressure-Sensitive Electrical Insulating

Tape 345, 349, 350
D 3144 Poly(vinylidene Fluoride) Heat-Shrinkable Tubing for Electrical

Insulation 378, 383
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American Society for Testing and Materials (ASTM) Standards (cont.) Page
D 3149 Crosslinked Polyolefin Heat-Shrinkable Tubing for

Electrical Insulation 376, 383, 384
D 3150 Crosslinked and Noncrosslinked Poly(Vinyl Chloride) Heat-Shrinkable

Tubing for Electrical Insulation 376, 384
D 3159 Modified ETFE-Fluoropolymer Molding and Extrusion Materials 147
D 3222 Unmodified Poly (Vinylidene) Fluoride (PVDF) Molding, Extrusion,

and Coating Materials 147
D 3275 E-CTFE-Fluoroplastic Molding, Extrusion, and Coating Materials 147
D 3283 Air as an Electrical Insulating Material 440, 441
D 3307  PFA-Fluorocarbon Molding and Extrusion Compounds 147
D 3368 FEP-Fluorocarbon Resin Sheet and Film 303
D 3369 Polytetrafluoroethane (PTFE) Resin and Cast Film 303
D 3391 Rubber Insulating Tape for High-Voltage Applications 000
D 3485 Smooth-Wall Coilable Polyethylene (PE) Conduit (Duct) for Preassembled

Wire and Cable 156
D 3487  Mineral Insulating Oil Used in Electrical Apparatus 460, 462
D 3554 Track-Resistant Black Thermoplastic High-Density Polyethylene

Insulation for Wire and Cable 156
D 3555 Track-Resistant Black Crosslinked Polyethylene Insulation for

Wire and Cable 156
D 3595 Polychlorotrifluoroethylene (PCTFE) Extruded Plastic Sheet and Film 303
D 3664 Biaxially Oriented Polyethylene Terephthalate Film for Electrical

Insulation and Dielectric Applications 313,314
D 3949 Coated Glass Fabrics Used for Electrical Insulation 357, 360, 362
D 4020  Ultra-high-molecular-weight Polyethylene Molding and

Extrusion Compounds 156
D 4063 Electrical Insulating Board 323
D 4066  Nylon Injection and Extrusion Materials 77
D 4067 Reinforced and Filled Polyphenylene Sulfide Injection Molding and

Extrusion Materials 44
D 4101 Propylene Plastic Injection and Extrusion Materials 96, 161
D 4181 Acetal (POM) Molding and Extrusion Materials 71
D 4203 Styrene Acrylonitrile (SAN) Injection and Extrusion Materials 172
D 4244 General Purpose, Heavy-Duty, and Extra-Heavy-Duty Acrylonitrile-

Butadiene/Polyvinyl Chloride (NBR/PVC) Jackets for Wire and Cable 172
D 4245 Ozone-Resistant Thermoplastic Elastomer Insulation for Wire and Cable,

90°C Dry/75°C Wet Operation 172
D 4246 Ozone-Resistant Thermoplastic Elastomer Insulation for Wire and Cable,

90°C Operation 172
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American Society for Testing and Materials (ASTM) Standards (cont.) Page
D 4247 General-Purpose Black Heavy-Duty and Black Extra-Heavy-Duty

Polychloroprene Jackets for Wire and Cable 172
D 4313 General-Purpose Heavy-Duty and Extra-Heavy-Duty Crosslinked

Chlorinated Polyethylene Jackets for Wire and Cable 157
D 4314 General-Purpose Heavy-Duty and Extra-Heavy-Duty Crosslinked

Chlorosulfonated Polyethylene Jackets for Wire and Cable 157
D 4388 Nonmetallic Conducting and Electrically Insulating Rubber Tapes 364
D 4514  Friction Tape Used for Electrical and Mechanical Purposes 344, 350
D 4549 Polystyrene Molding and Extrusion Materials 98
D 4617 Phenolic Compounds 131
D 4673 Acrylonitrile-Butadiene-Styrene (ABS) Molding and Extrusion Materials 103
D 4730 Flooding Compounds for Telecommunications Wire and Cable 138
D 4731 Hot-Application Filling Compounds for Telecommunications Wire

and Cable 138
D 4732 Cool-Application Filling Compounds for Telecommunications Wire

and Cable 138
D 4745 Filled Compounds of Polytetrafluoroethylene (PTFE) Molding and

Extrusion Materials 147
D 4894 Polytetrafluoroethylene (PTFE) Granular Molding and Ram

Extrusion Materials 147
D 4967  Guide for Selecting Materials to be Used for Insulation, Jacketing, and

Strength Components in Fiber Optic Cables 146
D 4969 PTFE Coated Glass Fabric 357, 365, 366
D 4976 Polyethylene Plastics Molding and Extrusion Materials 156
D 5047 Polyethylene Terephthalate Film and Sheeting 313
D 5213  Polyimide Resin Film for Electrical Insulation and Dielectric Applications 309

American Society for Testing and Materials (ASTM) Test Methods Page
C 20 Apparent Porosity, Water Absorption, Apparent Specific Gravity, and

Bulk Density of Burned Refractory Brick and Shapes by Boiling Water 423
€ 177 Steady-State Thermal Transmission Properties by Means of the Guarded

Hot Plate 423
C 329 Specific Gravity of Fired Ceramic Whiteware Materials 423
C 373 Water Absorption, Bulk Density, Apparent Porosity, and Apparent

Specific Gravity of Fired Whiteware Products 423
C 408 Thermal Conductivity of Whiteware Ceramics 423
C 539 Linear Thermal Expansion of Porcelain Enamel Interferometric Method 423
C 623 Young’s Modulus, Shear Modulus, and Poisson’s Ratio for Glass and

Glass-Ceramics by Resonance 423
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American Society for Testing and Materials (ASTM) Test Methods (cont.) Page

D 618 Conditioning Plastics and Electrical Insulating Materials for Testing 238, 269
D 621 Deformation of Plastics Under Load 269
D 624 Rubber Property—Tear Resistance 190
D 638 Tensile Properties of Plastics 57,116
D 648 Deflection Temperature of Plastics Under Flexural Load 55,115
D 664 Neutralization Number by Potentiometric Titration 460
D 696 Coefficient of Linear Thermal Expansion of Plastics 180
D 746 Brittleness Temperature of Plastics and Elastomers by Impact 195
D 750 Rubber Deterioration in Carbon-Arc or Weathering Apparatus 364
D 785 Rockwell Hardness of Plastics and Electrical Insulating Materials 269
D 792 Specific Gravity and Density of Plastics by Displacement 419
D 828 Tensile Breaking Strength of Paper and Paperboard 328
D 831 Gas Content of Cable and Capacitor Oils 460
D 876 Nonrigid Vinyl Chloride Polymer Tubing Used for Electrical

Insulation 376, 378
D 877 Dielectric Breakdown Voltage of Insulating Liquids Using Disk

Electrodes 459
D 878 Inorganic Chlorides and Sulfates in Insulating Oils 460
D 882 Tensile Properties of Thin Plastic Sheeting 304
D 902 Flexible Resin-Coated Glass Fabrics and Glass Fabric Tapes Used for

Electrical Insulation 358, 359
D 923 Sampling Electrical Insulating Liquids 459
D 924 A/C Loss Characteristics and Relative Permittivity (Dielectric Constant)

of Electrical Insulating Liquids 460
D 971 Interfacial Tension of Oil Against Water by the Ring Method 459
D 974 Neutralization Number by Color-Indicator Titration 460
D 1000 Pressure-Sensitive Adhesive Coated Tapes Used for Electrical

Insulation 345, 346
D 1039 Glass-Bonded Mica Used as Electrical Insulation 412
D 1149 Rubber Deterioration—Surface Ozone Cracking in a Chamber (Flat

Specimens) 190
D 1169 Specific Resistance (Resistivity) of Electrical Insulating Liquids 460
D 1218 Refractive Index and Refractive Dispersion of Hydrocarbon Liquids 459
D 1275 Corrosive Sulfur in Electrical Insulating Oils 460
D 1298 Density, Relative Density (Specific Gravity), or API of Crude

Petroleum and Liquid Petroleum Products by Hydrometer Method 468
D 1313 Sludge Formation in Mineral Transformer Oil by High-Pressure

Oxidation Bomb 460
D 1434 Gas Permeability Characteristics of Plastic Film and Sheeting to Gases 314
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American Society for Testing and Materials (ASTM) Test Methods (cont.) Page

D 1435 Outdoor Weathering of Plastics 314
D 1458  Fully Cured Silicone Rubber-Coated Glass Fabric and Tapes for

Electrical Insulation 358, 360
D 1481 Density and Relative Density (Specific Gravity) of Viscous Materials

by Lipkin Bicapillary Pycnometer 459
D 1500 Color of Petroleum Products (ASTM Color Scale) 459
D 1505 Density of Plastics by the Density-Gradient Technique 314
D 1524 Visual Examination of Used Electrical Insulating Oils of Petroleum Origin

in the Field 459
D 1533 Water in Insulating Liquids (Karl Fischer Method) 460
D 1534  Approximate Acidity of Used Electrical Insulating Liquids by Color-

Indicator Titration 460
D 1535 Method for Specifying Color by the Munsell System 381
D 1563 Peroxide Number of Mineral Insulating Oils 460
D 1676 Film-Insulated Magnet Wire 201
D 1698 Sediment and Soluble Sludge in Service-Aged Insulating Oils 460
D 1807 Refractive Index and Specific Optical Dispersion of Electrical Insulating

Liquids 459
D 1816 Dielectric Breakdown Voltage of Insulating Oils of Petroleum Origin

Using VDE Electrodes 459
D 1825 Practice for Etching and Cleaning Copper-Clad Electrical Insulating

Materials and Thermosetting Laminates for Electrical Testings 284
D 1827 Gas Content (Nonacidic) of Insulating Liquids by Displacement with

Carbon Dioxide 460
D 1829 Electrical Resistance of Ceramic Materials at Elevated Temperatures 423
D 1902 Approximate Acidity and Polar Contamination in Used Mineral Oil by

Spot Tests 460
D 1903 Coefficient of Thermal Expansion of Electrical Insulating Liquids of

Petroleum Origin 469
D 1932  Thermal Endurance of Flexible Electrical Insulating Varnishes 238
D 1934  Oxidative Aging of Electrical Insulating Petroleum Oils by Open-Beaker

Method 460
D 1935 Steam Emulsion of Electrical Insulating Oils of Petroleum Origin 459
D 2007 Characteristic Groups in Rubber Extender and Processing Oils by the

Clay-Gel Adsorption Chromatographic Method 460
D 2117 Melting Point of Semicrystalline Polymers 314
D 2140 Carbon-Type Composition of Insulating Oils of Petroleum Origin 460
D 2148 Bondable Silicone Rubber Tapes 345
D 2149 Permittivity (Dielectric Constant) and Dissipation Factor of Solid Ceramic

Dielectrics at Frequencies to 10 MHz and Temperatures to 500°C 423
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American Society for Testing and Materials (ASTM) Test Methods (cont.) Page

D 2161 Conversion of Kinematic Viscosity to Saybolt Universal Viscosity or to

Saybolt Furol Viscosity 459
D 2224 Mean Molecular Weight of Mineral Insulating Oils by the Cryoscopic

Method 459
D 2225 Silicone Fluids Used for Electrical Insulation 459, 460, 461
D 2240 Rubber Property—Durometer Hardness 195
D 2285  Interfacial Tension of Electrical Insulating Oils of Petroleum Origin

Against Water by the Drop-Weight Method 459
D 2298 Stability of Insulating Oils Under Electrical Stress (Merrell Test) 460
D 2300 Gassing of Insulating Oils Under Electrical Stress and Ionization

(Modified Pirilli Method) 460
D 2304  Thermal Evaluation of Rigid Electrical Insulating Materials 269
D 2305 Polymeric Films Used for Electrical Insulation 300
D 2307 Relative Thermal Endurance of Film-Insulated Round Magnet Wire 202
D 2369 Standard Method of Test for Volatile Content of Coatings 238
D 2413 Preparation and Electrical Testing of Insulating Paper and Board

Impregnated with a Liquid Dielectric 323
D 2440  Oxidation Stability of Mineral Insulating Oil 460
D 2477 Dielectric Breakdown Voltage and Dielectric Strength of Insulating Gases

at Commercial Power Frequencies 438

D 2519  Bond Strength of Electrical Insulating Varnishes by the Helical Coil Test 238
D 2520 Complex Permittivity (Dielectric Constant) of Solid Electrical Insulating

Materials at Microwave Frequencies and Temperatures to 1650°C 423
D 2608 Copper in Electrical Insulating Oils by Photometric Analysis 460
D 2668 2,6-Ditertiary-ButylPara-Cresol and 2,6-Ditertiary-Butyl Phenol in

Electrical Insulating Oil by Infrared Adsorption 460
D 2671 Heat-Shrinkable Tubing for Electrical Use 376, 380, 381
D 2675  Copper in Insulating Oils Spectrochemically by the Solution-Rotating

Disk Method 460
D 2756 Weight Loss of Electrical Insulating Varnishes 238
D 2759 Sampling Gas from a Transformer Under Positive Pressure 459
D 2863 Minimum Oxygen Concentration to Support Candle-Like Combustion of

Plastics (Oxygen Index) 62, 139
D 2945 Gas Content of Insulating Oils 460
D 3056 Gel Time for Solventless Varnishes 238
D 3145 Thermal Degradation of Electrical Insulating Varnishes by the Helical

Coil Method 238
D 3251 Thermal Aging Characteristics of Electrical Insulating Varnishes Applied

Over Film Coated Magnet Wire 238
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American Society for Testing and Materials (ASTM) Test Methods (cont.) Page

D 3288 Magnet Wire Enamels 203
D 3300 Dielectric Breakdown Voltage of Insulating Oils of Petroleum Origin

Under Impulse Conditions 459
D 3312 Percent Relative Monomer in Solventless Varnishes 238
D 3377 Weight Loss for Solventless Varnishes 238
D 3394 Methods of Sampling and Testing Electrical Insulating Board 323
D 3420 Dynamic Ball Burst (Pendulum) Impact Resistance of Plastic Film 314
D 3455 Compatibility of Construction Materials with Electrical Insulating Oils of

Petroleum Origin 460
D 3612 Analysis of Gases Dissolved in Electrical Insulating Oil by Gas

Chromatography 460
D 3613 Sampling Electrical Insulating Oils for Gas Analysis and Determination

of Water Content 459
D 3809 Synthetic Dielectric Fluids for Capacitors 463
D 4217 Gel Time of Thermosetting Coating Powder 238
D 4325 Nonmetallic Conducting and Electrically Insulating Rubber Tapes 357, 364
D 4733 Solventless Electrical Insulating Varnishes 238
D 4880 Salt Water Proofness of Insulating Varnishes Over Enamelled

Magnet Wire 202
D 4881 Thermal Endurance of Varnished Fibrous or Film Wrapped

Magnet Wire 202
D 4882 Bond Strength of Electrical Insulating Varnishes 202
D 5109 Copper-Clad Thermosetting Laminates for Printed Wiring Boards 293
D 5214 Polyimide Resin Film for Electrical and Dielectric Applications 309
E 18 Rockwell Hardness and Rockwell Superficial Hardness of Metallic

Materials 423
E 96 Water Vapor Transmission of Materials in Sheet Form 314
E 228 Linear Thermal Expansion of Rigid Solids with a Vitreous Silica

Dilatometer 423
F 77 Apparent Density of Ceramics for Electron Device and Semiconductor

Application 424
F 356 Beryllia Ceramics for Electronic and Electrical Applications 422, 424
F 417 Flexural Strength (Modulus of Rupture) of Electronic Grade Ceramics 424

Association of Edison [lluminating Companies (AEIC) Standard Page
CS5 Thermoplastic and Crosslinked Polyethylene (PE) Insulated Shielded

Power Cables Rated 5,000 to 69,000 volts 158
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Federal (Military) Specifications Page
HH-1-536 Insulation Sheet, Electrical, Natural Muscovite Mica 408
HH-1-538 Insulation, Electrical, Pasted-Mica 410
HH-1-553 Insulation Tape, Electrical (Rubber, Natural, and Synthetic) 357, 366
HH-1-595 Insulation Tape, Electrical, Pressure-Sensitive Adhesive, Plastic 350
J-W-1177 Wire, Magnet, Electrical 203, 220, 222, 224
L-P-380 Plastic Molding Material, Methacrylate 74
L-P-383 Plastic Material, Polyester Resin, Glass Fiber Base, Low Pressure
Laminate 272
L-P-390C Plastic Molding and Extrusion Material, Polyethylene and
Copolymers (Low, Medium, and High Density) 157
L-P-393 Plastic Molding Material, Polycarbonate, Injection, and Extrusion 89
L-P-394 Plastic Molding Material, Propylene Plastics, Injection, and
Extrusion 96
L-P-398 Plastic Molding Material, Styrene-Butadiene 99
L-P-399 Plastic Molding & Extrusion Material, Styrene Acrylonitrile
Copolymers 101
L-P-504 Plastic Sheet and Film, Cellulose Acetate 303
L-P-509 Plastic Sheet, Rod, and Tube, Laminated Thermosetting 268
L-P-523 Plastic Sheet and Film, FEP-Fluoropolymer, Extruded 306
TT-R-371 Resin, Phenol-Formaldehyde, Para-Phenyl 256
MIL-I-10 Insulating Materials, Ceramic 412
MIL-M-14 Molding Plastics and Molded Plastic Parts 118-125, 129, 130
MIL-W-76 Wire and Cable, Hookup, Electrical, Insulated 165
MIL-V-173 Varnish, Moisture-and-Fungus-Resistant (For Treatment of
Communications, Electronic, and Associated Equipment) 237,256
MIL-I-545 Insulation Sheet, Electrical, Paper, Pressboard 323
MIL-I-631 Insulation, Electrical, Synthetic Resin Composition, Nonrigid 301, 394
MIL-C-915 Silicone Rubber Insulated Navy Nuclear Plant Cable 167
MIL-P-997 Plastic Material, Laminated, Thermosetting, Electric Insulation,
Sheets, Glass Cloth, Silicone Resin 268
MIL-1-3190C  Insulation Sleeving, Electrical, Flexible, Coated, General 394, 398,
399
MIL-1-3374 Insulation Cloth and Tape, Electrical, Varnished Ceramic 356, 367, 368
MIL-I-3505 Insulation Sheet and Tape, Electrical, Coil and Slot, High
Temperature 411
MIL-W-5086  Wire, Electric, PVC Insulated, Copper or Copper Alloy 165
MIL-1-7444 Insulation Sleeving, Electrical, Flexible 376, 385
MIL-P-13949F Plastic Sheet, Laminated, Metal Clad (For Printed Wiring) 269, 290

565



Appendix 561
Federal (Military) Specifications (cont.) Page

MIL-P-15035 Plastic Sheet, Laminated, Thermosetting, Cotton Fabric Base,

Phenolic Resin 269
MIL-P-15037  Plastic Sheet, Laminated, Thermosetting, Glass Cloth, Melamine

Base 269
MIL-P-15047  Plastic Material, Laminated, Thermosetting Sheets, Nylon Fabric

Base, Phenolic Resin 269
MIL-I-15126  Insulation Tape, Electrical, Pressure-Sensitive Adhesive and

Pressure-Sensitive Thermosetting Adhesive 350, 352
MIL-W-16878 Wire, Electrical, Insulated, General Specification for 150, 157, 165, 167
MIL-1-16923  Insulating Compound, Electrical, Embedding 179
MIL-1-17205  Insulation Cloth and Tape, Electrical, Glass Fiber, Varnished 356, 357, 369
MIL-I-17695  Insulation Tape, Electrical, Fuller Type, Flameproof, Synthetic 357,367
MIL-P-18177  Plastic Sheet, Laminated, Thermosetting, Glass Fiber Base,

Epoxy Resin 269
MIL-I-18746  Insulation Tape, Nonadhering, Glass Fabric Polytetrafluoroethylene

Coated 367, 370
MIL-P-19161 Plastic Sheet, Laminated, Glass Cloth, Polytetrafluoroethylene

Resin 269
MIL-1-19166  Insulation Tape, Electrical, High-Temperature, Glass Fiber,

Pressure-Sensitive 351
MIL-I-19632  Insulation, Electrical, Dielectric Barrier, Laminated Plastic Film,

and Rag Paper 324
MIL-I-19917  Insulation Sheet, Electrical, Mica Paper, Silicone Bonded 329
MIL-1-21070  Insulating Sheet and Tape, Electrical, Reinforced Mica Paper 330,411
MIL-E-22118  Enamel, Electrical, Insulating 236
MIL-1-22444  Insulation Tape, Electrical, Self-Bonding, Silicone Rubber Treated

Bias Weave or Sinusoidal Weave Glass, Cable Splicing, Naval

Shipboard 352
MIL-W-22759 Wire, Electric, Fluoropolymer, Insulated 150, 151
MIL-1-22834  Insulation, Electrical, Dielectric Barrier, Laminated, Plastic Film,

MIL-1-23053C
MIL-S-23586

MIL-1-23594
MIL-M-24041

MIL-1-24092
MIL-1-24178

and Synthetic Fiber Mat
Insulation Sleeving, Electrical, Heat Shrinkable, General 376, 385

Sealing Compound, Electrical, Silicone Rubber, Accelerator

Required 193
Insulation Tape, Electrical, High Temperature, Polytetrafluoro-
ethylene, Pressure Sensitive

Molding and Potting Compound, Chemically Cured, Polyurethane
Insulating Varnish, Electrical, Impregnating, Solvent Containing
Insulation Tape, Electrical, Semi-cured Thermosetting Resin

Treated Glass, Armature Banding, Naval Shipboard 357

566

314

, 386

, 194

352
189
235

, 368



562 Handbook of Electrical and Electronic Insulating Materials
Federal (Military) Specifications (cont.) Page
MIL-1-24204  Insulation, Electrical, High Temperature, Bonded, Synthetic Fiber
Paper 269, 327
MIL-P-24364  Plastic Sheet, Laminated, Thermosetting Sheet, Glass Mat 277
MIL-P-24391  Insulation Tape, Electrical, Pressure-Sensitive 353
MIL-P-25395  Plastic Material, Heat Resistant, Low Pressure Laminated,
Glass Fiber Base, Polyester Resin 277
MIL-P-25525  Plastic Material, Phenolic Resin, Glass-Fiber Base, Laminated 269
MIL-I-46058  Insulating Compound, Electrical (For Coating Printed Circuit
Assemblies) 236, 253
MIL-P-46112  Plastic Sheet and Strip, Polyimide 92, 309
MIL-P-46115  Plastic Molding and Extrusion Material, Polyphenylene Oxide;
Plastic Molding and Extrusion Material, Polyphenylene Oxide,
Modified; Plastic Molding and Extrusion Material, Polyphenylene
Oxide, Modified, Glass Fiber Reinforced 92
MIL-P-46120  Plastic Molding and Extrusion Material, Polysulfone 104
MIL-P-46124  Plastic Molding and Extrusion Material, lonomer Resins 311
MIL-P-46179  Plastic Molding and Extrusion Material, Polyamide-Imide 81
MIL-P-46184  Plastic Molding & Extrusion Material, Polyetherimide (PEI) 83
MIL-P-46185  Plastic Molding & Extrusion Materials, Polyethersulfone 107
MIL-R-46846 Rubber, Synthetic, Heat-Shrinkable 376, 385, 387, 389
MIL-1-46852  Insulation Tape, Electrical, Self-Adhering Unsupported Silicone
Rubber 353, 354
MIL-P-46892  Plastic Molding Material, Epoxy, Glass Fiber 126
MIL-1-47049  Insulation Tubing, Silicone Rubber, Heat Shrinkable 376, 385, 391
MIL-P-55110  Printed Wiring Boards 291
MIL-W-81044 Wire, Electric, Crosslinked Polyalkene-Insulated 157
MIL-P-82650  Plastic Molding Material, Glass Phenolic 131
MIL-I-85080  Insulation Sleeving, Electrical, Shrinkable without Heat 376, 385,
391, 392
Institute for Interconnecting and Packaging Electronic Circuits (IPC)
Specifications Page
L-108A Thin Laminates, Metal Clad Primarily for High-Temperature
Multilayer Printed Boards 292
L-109A Glass Cloth, Resin Preimpregnated (B-Stage) for High-Temperature
Multilayer Printed Boards 292
L-110A Preimpregnated, B-Stage Epoxy-Glass Cloth for Multilayer Printed
Circuit Boards 292
L-112 Foil Clad, Polymeric, Composite Laminate 292
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Institute for Interconnecting and Packaging Electronic Circuits (IPC)
Specifications (cont.) Page
L-115A Plastic Sheet, Laminated, Metal Clad for High-Temperature Performance
Printed Boards 292
L-130 Thin Laminates, Metal Clad, Primarily for General Purpose Multilayer
Printed Boards 292
FC-220B Flat Cable, Flat Conductor, Flexible, Unshielded 292
FC-222 Flat Cable, Round Conductor, Unshielded 292
FC-231 Flexible Bare Dielectrics for Use in Flexible Printed Wiring 292
FC-232 Adhesive Coated Dielectric Films for Use as Cover Sheets for Flexible
Printed Wiring 292
FC-240C Flexible Printed Wiring 292
FC-241 Metal-Clad Flexible Dielectric for Use in Fabrication of Flexible
Printed Wiring 293
FC-250 Double Sided Flexible Wiring with Interconnections 293
D-300F Dimensions & Tolerances for Single and Two Sided Printed
Wiring Boards 293
AM-361 Rigid Substances for Additive Process Printed Boards 293
ML-905B Performance Specifications for Multilayer Printed Wiring Boards 293
ML-990 Performance Specification for Flexible Multilayer Wiring 293
National Electrical Manufacturers Association (NEMA)/
Insulated Cable Engineers Association (ICEA)
Joint Standards Publications Page
NEMA WC3/ICEA S-19 Rubber Insulated Wire and Cable for the Transmission
and Distribution of Electrical Energy 172
NEMA WC4/ICEA §-65 Varnished Cloth Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy 370
NEMA WCS5/ICEA S-61 Thermoplastic Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy 141, 158, 165
NEMA WCT/ICEA 8-66 Cross-Linked Polyethylene Insulated Wire and Cable
for the Transmission and Distribution of Electrical Energy 158
NEMA WCB/ICEA S-68 Ethylene-Propylene Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy 158
National Electrical Manufacturers Association (NEMA) Standards Page
FI 2 Untreated Mica Paper Used for Electrical Insulation 331
HP 100 High Temperature Instrumentation and Control Cables 152
HP 100.1 High Temperature Instrumentation and Control Cables Insulated with
FEP Fluorocarbons 152
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National Electrical Manufacturers Association (NEMA) Standards (cont.) Page
HP 100.2 High Temperature Instrumentation and Control Cables Insulated and
Jacketed with ETFE Fluoropolymers 152
HP 100.3 High Temperature Instrumentation and Control Cables Insulated and
Jacketed with Cross-Linked (Thermoset) Polyolefin (XLPO) 152
HP 100.4 High Temperature Instrumentation and Control Cables Insulated and
Jacketed with ECTFE Fluoropolymers 152
HP 3 Electrical and Electronic PTFE (Polytetrafluoroethylene) Insulated
High Temperature Hook-Up Wire; Types (600 Volt), EE (1,000 Volt),
and FT (250 Volt) 152
HP 4 Electrical and Electronic FEP Insulated High Temperature and
Hook-Up Wire, Types K, KK, and KT 152
LI 1 Industrial Laminated Thermosetting Products 270, 277
MW 1000 Magnet Wire 201, 203, 220, 224
Underwriters Laboratories (UL) Standards Page
UL 44 Rubber-Insulated Wires and Cables 172
UL 83 Thermoplastic-Insulated Wires and Cables 141, 158
UL 94 Tests for Flammability of Plastic Materials for Parts in Devices
and Appliances 59, 116, 139
UL 224 Extruded Insulating Tubing 375
UL 340 Tests for Comparative Flammability of Liquids 465
UL 493 Thermoplastic-Insulated Underground Feeder
and Branch-Circuit Cables 141
UL 510 Electrical Insulating Tapes 354
UL 746A Polymeric Materials—Short Term Property Evaluations 49
UL 746B Polymeric Materials—Long Term Property Evaluations 49
UL 746C Polymeric Materials—Use in Electrical Equipment Evaluations 49
UL 746D Polymeric Materials—Fabricated Parts 269
UL 746E Polymeric Materials—Industrial Laminates 269
UL 796 Printed Wiring Boards 293
UL 854 Service Entrance Cables 141
UL 910 Test Method for Fire and Smoke Characteristics of Electrical and
Optical-Fiber Cables in Air-Handling Spaces 146
UL 1063 Machine-Tool Wires and Cables 141
UL 1072 Medium-Voltage Power Cables 141
UL 1097 Double Insulation System for Use in Electrical Equipment 14
UL 1441 Coated Electrical Sleeving 394
UL 1446 Systems of Insulating Materials—General 14, 238
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Underwriters Laboratories (UL) Standards (cont.) Page
UL 1666 Flame-Propagation Height of Electrical and Optical-Fiber Cables
Installed Vertically in Shafts 146
UL 2097 Reference Standard for Double Insulation Systems for Use in
Electronic Equipment 15
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ABS molding resin (ses Acryloni-
trile-butadiene-styrene
molding resin)

A cotals 1di

poly g resin, 8,
72
chemistry, 72
engineering thermoplastic, 72
grades, 72
processing, 72
ies, 72
property Table 3-18, 72
supplier, 72
uses, 73
Acetals, homopolymer molding resin,
8,70
chemistry, 70
engineering thermoplastic, 70
grades, 70
processing, 71
es, 71
property Table 3-18, 71
suppliers, 70
uses, 72
Acetate film (see Cellulose acetate
(CA) film and Cellulose
triacetate (CTA) film)
Acrylic (PMMA) molding resin, 7, 73
chemistry, 73
grades, 74
processing, 74
properties, 74
property Table 3-19, 76
suppliers, 73
uses, 75
Acrylonitrile
worker exposure limits, 504
Acrylonitrile-butadiene-styrene (ABS)
molding resin, 7, 102
chemistry, 103
igineering th plastic, 103
grades, 103
processing, 103
properties, 103
property Table 3-28, 100
suppliers, 103
uses, 104
Additive circuits, 284
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Adhesives
acrylic, 341
block copolymer, 342
honding foils to substrates, 288
natural and synthetic rubber,
341
gilicane rubber, 341

AEIC, 476

Aging (see Material aging)

Air contaminants, 517 (see also
Worker safety and health)

Air pollution, 517 (see also Worker
safety and health)

Aliphatic isocyanates (see Polyure-
thane (PUR) embedding
resins)

Alkyd impregnants (see Alkyd
polyester coatings and

impregnants)
Alkyd polyester coatings and
impregnants, 5, 245
chemistry, 245
grades, 246
processing, 246
properties, 246
property Table 8-2, 239
suppliers, 233
uses, 248
Alkyd/polyester molding resin, 119
chemistry, 119
grades, 119
processing, 120
properties, 120
property Table 4-16, 120
suppliers, 119
uses, 121

Alkyd varnishes (see Alkyd poly

Alumina (alumi oxide) i
(see also Ceramic and glass
insulations)

chemistry, 419
properties and uses, 430
requirements Table 15-3, 425

Alumina-silica paper, 334

Alumina trihydrate (see Flame
retardants)

Aluminum conductors (see Conduc-
tors) i
Aluminum silicate teramics (see alvo
Ceramic and glass insulations)
chemistry, 419
properties and uses, 430
American National Standards Institute
(ANSI), 475
American Society for Testing and
Materials (ASTM), 476
specifications, 551
test methods, 554
Amide polymers (nylon) molding
resins (see Nylon 6/6 molding
resin and Nylon 11 molding
resin)
Amino molding resins, 5, 123
chemistry, 123
grades, 124
processing, 124
properties, 125
property Table 4-18, 125
suppliers, 123
uses, 126
Ampacity, 136
ANSI, 475
specification, 551
Anti oxide (see Flame

coatings and impregnants)

Alloys, 65
Allyl molding resins, 121

chemistry, 121

grades, 121

processing, 122

property Table 4-17, 123

properties, 122

suppliers, 121

uses, 122
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retardants)
Antimony trioxides (see Flame
retardants)
Antioxidants, 45
Aramid papers and boards
(NOMEX™), 326
chemistry and processing, 327
grades, 327
laminates, 328
properties, 328




572



573



Index

principal types, 321
Dielectric properties (see under
specific material heading)
Dielectric strength, 16
definition, 16
effect of electrodes, 17
effect of rate of voltage rise, 16
effect of specimen thickness, 16
parallel to laminations, 17
perpendicular to laminations, 17
polymers with highest, 68
thermoplastics Table 3-3, 51
thermosetting compounds Table
43,114
Die-stamped foil circuits, 285
D_II'L .!I eth dii 7 1 (Dm)

(see Polyurethane (PUR)
embedding resins)

Dipole moment, 18

Dissipation factor (loss tangent, tan
delta (B)), 52

affected by polarity, 20
thermoplastics Table 3-5, 53

pounds Table
4-5 114
Dixylyethane (DXE) dielectric liquid
455
chemistry, 456
supplier, 455
DXE (dixylylethane) dielectric liquid,
chemistry, 456
EASA, 478
ECTFE (see Fluoropolymer films and
Fluoropolymer wire and cable
insulation)

Edison Electric Institute (EEI), 477
EEL 477
“E” glass, 44, 265
EIA, 478
Elastic modulus, 57
Elastomer wire and cable insulation
(see Organic elastomer wire
and cable insulation and
Silicone rubber wire and cable
insulation)
Electrical Apparatus Service
Association (EASA), 478
Electrical Manufacturing and Coil
Winding Association
(EMCWA), 478
Electrical properties (see under
specific material heading)
Electrical resistance, 52
volume resistivity, thermoplastics
Table 3-6, 54
Electrical stresses, 15
Electric Power Research Institute
(EPRI), 477
Electronic Indusiries Association
(EIA), 478
Embedding compounds, 175
ive characteristics Table
6-3, 182
critical properties, 177
curing systems, 182

development programs, 182
embedding processes, 181
fillers, 178
introduction, 177
market trends, 182
principal polymers, 183
property Tequirements Table 6-1,
179
property tests Table 6-2, 180
EMCWA, 478
Enameling methods (see Magnet wire
enamels)

Encapsulants (see Embedding
c

)

Engineering plastics, 41

Enhancements (see Reinforcements
and fillers)

Enviornmental conditions, 15

Environmental Protection Agency
(EPA), 515

regional offices Table 19-7, 523

EPA (see Environmental Protection
Agency)

Epi-Rez™ (see Embedding com-
pounds)

EPM (also EPR) (ethylene-propylene
rubber) (see Organic elastomer
wire and cable insulation)

EPM/EPDM rubber (see Organic
elastomer wire and cable
insulation)

Epon™ (see Epoxy embedding resins)

Epotuf ™ (see Epoxy embedding
resins)

Epoxy coatings and impregnants, 7,
250

chemistry, 250
grades, 251
processing, 251
properties, 251
property Table 8-4, 252
suppliers, 233
uses, 251
Epoxy embedding resins, 7, 183
chemistry, 183
comparative characteristics Table
6-3, 182
grades, 184
processing, 185
properties, 185
property Table 6-4, 186
suppliers, 183
uses, 186
Epoxy ester resins, 251
Epoxy molding resins, 126
chemistry, 126
grades, 126
processing, 126
properties, 127
property Table 4-19, 127
suppliers, 126
uses, 127
Epoxy novolac resins, 126, 250
Epoxy varnishes (see Epoxy coatings
and impregnanis)
Epoxy wire enamel, 223
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EPR (also EPM) (ethylene-propylent
rubber) (see Organic elastomer
wire and cable insulation)

EPRI, 477

Esthane™, 162

Etched foil process, 284

ETFE (see Fluoropolymer films,
Fluoropolymer tubing, and
Fluoropolymer wire and cable
insulation

Ethylene-chlorotrifluoro ethylens
copolymer (ECTFE) (see
Fluoropolymer films and
Fluoropolymer wire and cable
insulation)

Ethylene polymers (PE) wire and
cable insulation, 154

chemistry, 154
grades, 158
processing, 158
properties, 159
property Table 5-2, 143
suppliers, 154
uses, 160
Ethylene-propylene block copolymers
corona resistance, 17
oxidation resistance, 17

Ethylene-propylene diene rubber
(EPDM) (see Organic
elastomer wire and cable
insulation)

Ethylene-propylene rubber (EPR)
(EPM) wire and cable
insulation (see Organic
elastomer wire and cable
insulation)

Ethylene-propylene rubber tubing (see

Ethylene hylene (ETFE)
(see also Fluoropolymer films,
Fluoropolymer tubing, and
Fluoropolymer wire and cable
insulation)
property Table 5-1 (wire and
cable), 142
property Table 10-1 (films), 304
summary of characteristics Table
5-4 (wire and cable), 148
summary of characteristics Table
10-2 (films), 306
Ethylene vinyl acetate (EVA), 36, 156
Ethylene vinyl silane, 155
Extenders, 44
Extrusion compounds, 133
comparative properties, 141
development programs, 145
extrusion process, 140
fire hazards, 139
introduction, 135
market trends, 145
principal polymers, 146
production processes for
polymers, 140

standard tests, 141
trecing, 139

Extrusion process. 140, 299
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High-temperature wire and cable
insulations property Table 5-1,
142

History, 1

historical events and personali-

ties, Table 1-1, 4

HMW-HDPE (see Ethylene polymers
(PE))

Homopolymerization (see Polymeriza-
tion,

)

Hostaflon™ (ethylene-tetrafluoroeth-
ylene) (ETFE) (see Fluo-
ropolymer wire and cable
insulation)

Humidity (see Water absorption)

Hypalon™ (chlorosulfonated poly-
ethylene) (see Organic
elastomer wire and cable
insulation)

ICEA, 481

IEC, 482

1EEE, 480

1IE (butyl rubber) (see Organic
elastomer wire and cable
insulation)

Imide polymers molding resins (see
Polyamide-imide (PAI)
molding resin and Polyetherim-
ide (PET) molding resin)

Impact strength (see also tables of
values under specific
materials)

definition, 58

Impregnants (see Coatings and
impregnants)

Industrial laminates (see Unclad
structures)

Industry activities, 473 (see also
under specific organizations)

e /symposi 486
introduction, 475
publications, 487

Industry organizations, 475 (see also
under specific organizations)

Industry standards, 13

Injection molding, 46 (see also
Thermoplastic molding
compounds, Thermosetting
molding compounds, and
Runnerless injection molding
(RIC))

Institut de Reserche d'Hydro-Quebec
(IREQ), 479

Institute for Interconnecting and
Packaging Electronic Circuits
(IPC), 480

specifications, 562

Institute of Electrical and Electronics
Engineers (IEEE), 480

Insulated Cable Engineers Association
(ICEA), 481

specifications, 568

Insulated conductor design, 137

Insulating varnishes (see Coatings and
impregnants)

Insulation resistance, 53
Insulation systems, 14
International Conferénce on Large
High Voltage Electrical
Systems (CIGRE), 482
International Electrotechnical
Commission (IEC), 482
lonomer film, 310
chemistry, 310
grades, 311
ies, 311
property Table 10-1, 304
supplier, 310
uses, 311
IPC, 563
IR (polyisoprene) (see also Organic
elastomer wire and cable
insulation)
summary of characteristics Table
- 56,170
suppliers Table 5-6, 170
IREQ, 479
Isomid™ (see Polyester-imide (PEI)
wire enamel)
Isonel™ (see Polyester wire enamel)
Isotatic polymers (see Polymerization)
Izod impact resist {strength), 58
thermoplastics Table 3-11, 60
thermosetting compounds Table
4-12, 116

Jacketing compounds (see Extrusion

compounds)

Kapton™ (see Polyimide (Kapton™)
(PT) film)

Kel-F™ (polychlorotrifluoroethylene)
(PCTFE) (see Fluoropolymer
wire and cable insulation)

K-Resin™ (see Polystyrene-butadiene
molding resin)

Kynar™ (polyvinylidene fluoride)
(PVDF) (see Flnoropolymer
wire and cable insulation)

Laminates (see Unclad structures)

LDPE (see Ethylene polymers (PE))

Lexan™ (see Polycarbonate (PC) film
and Polycarbonate molding
resin)

Linear low-density polyethylene
(LLDPE) (see Ethylene
polymers (PE))

Linear polymers (see Polymerization)

Linseed oil (see Oleoresinous coatings
and impregnants)

Liquid-crystal polymers (LCPs)
molding resins, 65

Liquids (see Dielectric liquids)

LLDPE (see Ethylene polymers (PE))

Loss tangent, 52

Low-density polyethylene (LDPE)
(see Ethylene polymers (PE))

Low-temperature wire and cable
insulation property Table 5-2,
143
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Lucite™ (see Acrylic (PMMA)
molding resin)

Lustran™ (see Styrene-acrylonitrile
(SAN) molding resin)

Magnesia (magnesium oxide)
ceramics (see also Ceramic
and glass insulations)

chemistry, 421
properties and uses, 430
Magnet wire
bondable magnet wire, 199
comparative characteristics Table
7-2, 207
data, 210
manufacture, 200
property tests Table 7-1, 201
space factor, 201
thermal classification, 202
Magnet wire coils, 199
Magnet wire enamels, 197
development programs, 206
high solids coatings, 206
hot melt enamels, 206
introduction, 199
gnet wire
203
market trends, 207
powder coatings, 206
processing wire enamels, 202
madiation curing, 207
water-borne systems, 206
wire enamel types, 218
Marconi, Marchese Gugliemo, 3
Material aging, 15
contaminants, 16
electrical stresses, 15
environmental conditions, 15
mechanical stresses, 15
moisture, 15
thermal stresses, 15
voids, 16
Material breakdown (see Material

aging)

Material degradation (see Material
aging)

Material selection steps, 20

MDI (diphenylmethane diisocyanate)
(see Polyurethane (PUR)
embedding resins)

MDPE (see Ethylene polymers
(PE))

Measures and weights, 537

Mechanical properties (see under
specific material heading)

Mechanical stresses, 15

Medium-density polyethylene
(MDPE) (see Ethylene
polymers (PE))

Melamine molding resins (see also
Amino molding resins)

property Table 4-18, 125

Melinex™ (see Polyester (PET) film
(Mylar™))

Merlon™ (see Polycarbonate (PC)
molding resin)




572

Mica and mica products, 401
built-up mica, 408
composition ranges Table 14-1,

403
development programs, 412
equivalent grades Table 14-2, 405
flexible composites, 409
flexible plate, 408
glass-bonded mica, 412
grades, 403
introduction, 403
market trends, 415
mica paper products, 409
mica paper tape, 330
mica splittings tape, 409
molding plate, 408
properties, 407
property Table 14-5 (natural and
synthetic micas), 407
property Table 14-6 (glass-
bonded mica), 413
requirements Table 14-4, 406
segment plate, 408
sizes Table 14-3, 424
suppliers, 403
synthetic mica, 407
technology, 403
thermal classification, 410
uses, 407

Mica Mat™ (see Mica paper)

Mica paper, 329 (see also Mica and

mica products)

Naval Publications and Forms Center,

527

order form for military
specifications and standards
Exhibit 19-3, 528

NEMA(:I 4 1 Flsctrical Masufs

turers Association), 483

Neoprene™ (chloroprene rubber)

tubing (see Tubing)

Neoprene™ (chloroprene rubber) wire

and cable insulation (see
Organic elastomer wire and
cable insulation)

Network polymers (see Polymeriza-

tion)

NIOSH (National Institute for

Occupational Safety and
Health), 493

Nitrogen (see also Dielectric gases)

composition and properties for
nitrogen Table 16-1, 440

NOMEX™ (see Aramid papers and

boards)

Nonadhesive tapes and coated fabrics,

356
development programs, 321
grades, 357
introduction, 356
market trends, 371
processing, 357
properties, 370
suppliers, 356
technology and types, 356
uses, 371

properties, 331

property Table 11-2, 330
suppliers, 329
technology, 329

Nonpolar polymers, Table 2-1, 19

Norbak™, 183 (see also Epoxy
embedding resins)

Noryl™ (see Polyphenylene ether

uses, 331

Mobilect™

dielectric liquid, 455

Moisture effects, 15

Moisture resistance (see Water
absorption)

Molding processes (see Thermoplastic
molding compounds and
Thermosetting molding
compounds)

Molecular properties of dielectrics, 19

Moplen™ (see Polypropylene (PP)
molding resin)

Multilayer circuits, 289

Mylar™ (see Polyester (PET) film
(Mylar))

National Electrical Manufacturers

Association (NEMA), 483
standards, 563

National Institute for Occupational
Safety and Health (NIOSH),
493

National Institute of Standards and
Technology (NIST), 524

Natural resins, 3, 244

Natural rubber (see Organic elastomer
wire and cable insulation)

(modified) molding resin)

Novolac resins, 126, 128, 250, 255
Nylon extrusion compounds, 6

corona resistance, 17
oxidation resistance, 17

Nylon 6/6 molding resin, 75

chemistry, 76

grades, 77

moisture absorption Table 3-21, 79
processing, 72

properties, 77

property Table 3-20, 78
suppliers, 75

uses, 79

Nylon 6/6 wire enamel, 222

chemistry, 222
grades, 222
processing, 222
properties, 223
suppliers, 222
uses, 223

Nylon 11 molding resin, 6, 80

chemistry, 80

grades, 80

moisture absorption Table 3-21,
79

processing, B0

property Table 3-20, 78

Index

supplier, 80
uses, 80
Nylon wire enamel, 222

Occupational Safety and Health
Administration (OSHA), 493
reg_inmi offices Table 19-5, 511

ol gs and

nants, 244
Omega™ (see Polyester-amide-imide
wire enamel)
Organic elastomer wire and cable
insulation, 169
chemistry Table, 170
grades, 172
processing, 172
property Table 5-3, 144
v of ch istics Table
5-6, 170
suppliers Table 5-6, 170
uses, 174
OSHA (Occupational Safety and
Health Administration) (see
also Worker safety and health)
regional offices Table 194, 511
Oxygen index, 62
thermoplastics Table 3-14, 62
Qzone, 17

PAI wire enamel (see Polyamide-
imide (PAI) wire enamel)

Paper (see Dielectric papers and
boards)

Paper-oil insulation, 324

Partial discharge, 17

Parylene coatings, 251

chemistry and processing, 251
grades, 253

properties, 253

property Table 8-5, 253
supplier, 251

uses, 254

Parylene varnishes (see Parylene
coatings)

PC (see Polycarbonate (PC) listings)

PCB (see Polychlorinated biphenyl
(PCB) (Askarel))

PCTFE (see Fluoropolymer films and
Fluoropolymer wire and cable
insulation)

property Table 5-1 (wire and
cable), 142
property Table 10-1 (films), 304
summary of characteristics Table
54 (wire and cable), 148
y of ch istics Table
10-2 (films), 306

PE (see Ethylene polymers (PE) wire
and cable insulation and
Polyethylene (PE) film)

PEI wire enamels (see Polyester-imide
(PEI) wire enamel)

Perflucroalkoxy (PFA) (see also
Fluoropolymer films and
Fluoropolymer wire and cable
insulation)
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property Table 5-1 {wire and
cable), 142
property Table 10-1 (films), 304
summary of characteristics Table
5-4 (wire and cable), 148
y of ch istics Table
10-2 (films), 306
ittivity, 51
PFA (see Fluoropolymer films and
Fluoropolymer wire and cable
insulation)
property Table 5-1 (wire and
cable), 142
property Table 10-1 (films), 304
y of ch istics Table
5-4 (wire and cable), 148
summary of characteristics Table
10-2 (films), 306
Phenolic coatings and impregnants, 255
chemistry, 255
grades (types), 255
processing, 256
properties, 256
suppliers, 234
uses, 256
Phenolic molding resins, 5, 127
Phenolic varnishes (se# Phenolic
coatings and impregnants)
Photochemical oxidants, 517
Physical properties (see under specific
material heading)
PI film (see Polyimide (Kapton™) (PI)
film)
PI wire enamels (see Polyimide (PI)
wire enamel)
Plain wire enamel, 218
chemistry, 218
grades, 218
processing, 218
properties, 219
uses, 219
Plasticizers, 169
Plastics industry, 40
Plexiglas™ (see Acrylic (PMMA)
molding resin)
PMMA (polymethyl methacrylate)
(see Acrylic listings)
Polar polymers, Table 2-1, 19
Polarization, 18
atomic polarization, 19
electronic polarization, 19
Pollution (see Adr pollution and Water
pollution)
Polyacrylate, 9
Polyamide-imide (PAT) molding resin,
9,80
chemistry, 80
engineering thermoplastic, 80
grades, 80
processing, 80

properties, 80
property Table 3-22, 82
suppliers, 80
uses, 83
Polyamide-imide (PAT) wire enamel,
225

chemistry, 225
grades, 225
processing, 225
properties, 225
property Table 3-22, 82
suppliers, 225
uses, 226
Polyacrylate (PAR) molding resin, 85
Polybutene oil (see Dielectric liguids)
Polybutylene terephthalate (PBT)
molding resin, 8, 85
chemistry, 86
grades, 86
processing, 86
properties, 86
property Table 3-23, 88
suppliers, RS
uses, 87
Polycarbonate (PC) film, 311
chemistry, 312
grades, 312
properties, 312
property Table 10-1, 305
suppliers, 311
uses, 312
Polycarbonate (PC) molding resin, 8,
8

8
chemistry, 88
engineering thermoplastic, 88
grades, 89
processing, 89
properties, B9
property Table 3-24, 90
suppliers, 88

uses, 90
Polychlorinated biphenyl (PCB)
(Askarel), 5, 455
Poly I rubber (Neoprene™)
(see Neoprene™ (chloroprene
rubber) wire and cable
insulation)
Polychlorotrifluoroethylene (PCTFE)
6 (see also Fluoropolymer
films and Fluoropolymer wire
and cable insulation)
property Table 5-1 (wire and
cable), 142
property Table 10-1 (films), 304
y of characteristics Table
5-4 (wire and cable), 148
summary of characteristics Table
10-2 (films), 306
Polycondensation (see Polymerization)
Polyester-amide-imide wire 1,

573

uses, 228
Polyester (PET) embedding resins,
187
chemistry, 187
processing, 187
supplier, 187
uses, 187
Polyester (PET) film (Mylar™), 312
chemistry, 313
grades, 313
polyester film composites, 314
properties, 3113
property Table 10-1, 205
property tests Table 10-3, 314
suppliers, 312
uses, 313
Polyester film pressure-sensitive tape
requirements Table 12-4, 347
Polyester glass mat laminates, 276
chemistry, 276
grades, 277
processing, 277
properties, 278
property Table 9-2, 278
suppliers, 276
uses, 278
Polyester molding resin (see
Alkyd/polyester molding resin)
Polyester varnishes (see Alkyd
polyester coatings and
impregnants and Unsaturated
?olyem:r coatings and

impregnants)
Polyester wire enamel, 223
chemistry, 223
grades, 224
processing, 224
properties, 224
suppliers, 223
uses, 224
Polyetherether ketone (PEEK)
molding resin, 9, 90
Polyetherimide film, 308
Polyetherimide (PEI) molding resin, 9,
83

chemistry, 83
engineering thermoplastic, 83
grades, 83
processing, B3
properties, 84
property Table 3-22, 82
supplier, 83
uses, 84
Polyethersulfone film, 318

226
chemistry, 226
processing, 226
supplier, 226
uses, 226
Polyester-imide (PEI) wire enamel,
227

chemistry, 227
grades, 228
processing, 228
properties, 228
suppliers, 227
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chemistry, 318
grades, 318
properties, 3118
property Table 10-1, 305
suppliers, 318
uses, 318

Polyethersulfone molding resin, 9, 105
chemistry, 106
grades, 106
processing, 107
properties, 107

plastic, 106
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Polyethersulfone molding resin (cont.)
property Table 3-29, 106
supplier, 105
uses, 108

Polyethylene (PE) film, 315

Polyethylene polarity, 19

Polyethylene pressure-sensitive tape
requirements Table 12-8, 349

Polyethylene terephthalate film (see

Polyester (PET) film (Mylar™))

Polyethylene terephthalate whing (see

Tubing)
Polyethylene (PE) wire and cable
insulation, 6 (see also Ethylene
polymers (PE) wire and cable
imsulation)
property Table 5-2, 143

Polyimide (Kapton™) (PI) film, 8, 308
chemistry, 308
grades, 309
properties, 310
property Table 10-1, 305
supplier, 308
uses, 310

Polyimide (PI) laminating resins, 268

Polyimide (PI) sleeving (see Sleeving)

Polyimide (PI) wire enamel, 8, 228
chemistry, 228
grades, 229
processing, 229
properties, 229
suppliers, 229
uses, 229

Polyisoprene (IR) (see Organi

elastomer wire and cable
insulation)
summary of characteristics Table
5-6, 170
suppliers, 170
?olyuumzulmn, 41

copolymerization, 41
graft copolymers, 42

straight-chain polymers, 41
syndotatic polymers, 42
Polymerization techniques
bulk, mass, or batch, 43
emulsion, 42
gas phase, 43
solution, 43
suspension, 43
Polymethyl methacrylate (PMMA), 7
(see also Acrylic listings)

Polyolefin tubing (see also Tubing)
mqmrmen& Table 13-12, 390
sizes Table 13-11, 389

Polyolefins (see listings under Poly-

ethylene and Polypropylene)

Polyols (see Polyurethane (PUR)

embedding resins and
Polyurethane (PUR) wire

enamel)
Polyparabanic acid (PPA) film, 315
chemistry, 315
properties, 115
supplier, 315
uses, 315
Polyphenylene ether (modified)
molding resin, 8, 91
chemistry, 91
engineering thermoplastic, 92
grades, 92
processing, 92
properties, 92
property Table 3-25, 93
supplier, 91
uses, 93
Polyphenylene oxide (see Polypheny-
[eme ether (modified) molding

sin)
Polyphmylene sulfide (PPS) molding
resin, 8, 94
chemistry, 94
engineering thermoplastic, 94
grades, 94
processing, 94
properties, 94
property Table 3-26, 95
supplier, 94
uses, 95
Polypropylene (PP) film, 316
chemistry, 316
grades, 316
properties, 316
praperty Table 10-1, 305
suppliers, 316
uses, 316
Polypropylene (PP) molding resin, 96
chemistry, 96
grades, 96
processing, 96
properties, 96
property Table 3-27, 97
suppliers, 96
uses, 97
Polypropylene (PP) wire and cable
insulation, 8 (see also
Propylene polymers (PP) wire
and cable insulation)
Polysiloxane, 167, 456
Polystyrene-butadiene molding resin,
99
chemistry, 99
grades, 99
processing, 99
properties, 100
property Table 3-28, 100
suppliers, 9%
uses, 101
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Polystyrene (PS) film, 314
Polystyrene (PS) molding resin, 7, 97
chemistry, 97
grades, 98
processing, 98
properties, 98
property Table 3-28, 100
suppliers, 97
uses, 99
Polysulfone film, 317
chemistry, 317
properties, 317
property Table 10-1, 305
supplier of resin, 317
supplicrs, 317
uses, 317
Polysulfone molding resin, 8, 104
chemistry, 104
engineering thermoplastic, 104
grades, 104
processing, 104
properties, 105
property Table 3-29, 106
supplier, 104
uses, 105
Polytetrafluorcethylene-backed
pressure-sensitive tape
requirements Table 12-5, 348
tensile strength and dielectric
breakdown Table 12-10, 353
Polytetrafluoroethylene (PTFE), 6 (see
also Fluoropolymer films,
Fluoropolymer tubing, and
Fluoropolymer wire and cable
insulation)
corona resistance, 17
oxidation resistance, 17
polarity, 19
property Table 5-1 (wire and
cable), 142
property Table 10-1 (films), 304
summary of characteristics Table
5-4 (wire and cable), 148
summary of characteristics Table
10-2 (films), 306

properties, 257
property Table 8-6, 258
suppliers, 233
uses, 257
Polyurethane (PUR) embedding resins,
187

chemistry, 188

classification, 189

comparative characteristics Table
6-3, 182

diclectric properties Table 6-5,
190
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grades, 191
processing, 191
properties, 191
property Table 6-6, 191
suppliers, 187
uses, 192
Polyu.mlhm: (PUR) sleeving (see

!’olynwhm (PUR) tubing (see

Polyurethane (PUR) wire enamel, 8,
220

chemistry, 220
grades, 221
processing, 221
properties, 221
suppliers, 220
uses, 222
Polyvinyl chloride (PVC) film, 317
property Table 10-1, 305
Polyvinyl chloride (PVC) pressure-
sensitive tape
requirements (low-lemperature)
Table 12-7, 349
requirements Table 12-3, 346
Pblyvmyl chloride (PVC) sleeving
(see Sleeving)
Polyviny! chloride (PVC) tubing (see
also Tubing)
dimension ranges Table 13-9,
385
property tests Table 13-1, 378
requirements Table 13-3, 380
standard sizes Table 13-2, 379
Polyvinyl chloride (PVC) wire and
cable insulation, 7, 162
additives, 164
chemistry, 163
grades, 166
plasticizers, 164
processing, 166
properties, 166
property Table 5-2, 143
suppliers, 163
uses, 167
Polyvinyl formal (Formvar™) wire
enamel, 6, 219
chemistry, 219
grades, 219
processing, 220
properties, 220
y of ck istics Table
7-2, 208
suppliers, 219
uses, 220
Polyvinylidene fluoride (PVDF), 6,
219 (see also Fl'umpelymer

property Table 5-1 (wire and
cable), 142

property Table 10-1 (films), 304

summary of characteristics Table
5-4 (wire and cable), 148
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summary of characteristics Table summary of characteristics Table
10-2 (films), 306 5-4 (wire and cable), 148
Porcelain (potassium aluminum of characteristics Table
silicate) ceramics (see also 10-2 (films), 306
Ceramic and glass insulations) Publications, 487
chemistry, 421 Pultrusion, 281
properties and uses, 431 chemistry, 282
Pot-on-sand embedding technique, grades, 282
181 processing, 282
Potting compounds (see Embedding properties, 282
compounds) suppliers, 281
Powder coating, 243 uses, 281
Power factor, 52 PUR. (poly } (see Poly
PP (see Propylene polymers (PP) wire (PUR) listings)
and cable insulation and PVC (polyvinyl chloride) (see Poly-
Polypropylene (PF) molding vinyl chloride (PVC) listings)
resin) PVDF (see Fluoropolymer films and
Premix™ Fluoropolymer wire and cable
bulk molding compound (BMC), insulation)
273 property Table 5-1 (wire and
sheet molding compound (SMC), cable), 142
271 property Table 10-1 (films), 304
Prepregs, 211 summary of characteristics Table
Pressboard, 321 5-4 (wire and cable), 148
Presspan, 321 summary of characteristics Table

Pressure-sensitive tapes, 5, 335
adhesion tests, 343
adhesives, 336
development programs, 355
grades, 344
introduction, 335
market trends, 356

property tests Table 12-2, 346
requirements Table 12-9, 352
suppliers, 335
tape selection, 355
technology, 335
uses, 355
Prices (see Costs)
Printed circuits (see Clad structures)
Processing (see under specific
material lsting)
Properties (see under specific material
listing)
Property enhancers, 44
Propylene polymers (PP) wire and
cable insulation, 160
chemistry, 160
grades, 161
PP versus HDPE, 161
processing, 162
properties, 162
property Table 5-2, 143
supplier, 160
uses, 162
PS (polystyrene) (see Polystyrene
listings)

PTFE (see Fluoropolymer films,
Fluoropolymer tubing, and
Fluoropolymer wire and cable
insulation)

property Table 5-1 (wire and
cable), 142
property Table 10-1 (films), 304
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10-2 (films), 306
Pyre-ML™ (see Polyimide (P1) wire
enamel)

Quartz ceramics (see also Ceramic
and glass insulstions)
chemistry, 421
properties and uses, 431
“Q" value, 221

Radiation, 18
Radiation curing, 241
Rankings
thermoplastics, 68
Table 3-17, 69
thermosetting compounds, 118
Table 4-15, 118
REA, 525
Reactive diluents, 248
Reactive solvents (see Reactive
diluents)
Red enamel, 236
Reinforcements and fillers, 44
conductive fillers, 67
embedding compound fillers, 178
Resistance (see Electrical resistance
and Insulation resistance)
Rilsan™ (see Nylon 11 molding resin)
Room l!egpetm vulcanizing (RTV),

Rosin (see Natural resins)

RTV {see Room temperature
vulcanizing)

Rubber tape (see Pressurc-sensitive
tapes and Nonadhesive tapes
and coated fabrics)

Rubber wire and cable insulations (vee
Organic elastorner wire and
cable insulation and Silicone
rubber wire and cable
insulation)
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requirements for SF; Table 16-2, summary of characteristics Table
441 5-6, 170
stability of SF, Table 16-6, 443 supplier Table 5-6, 170
suppliers, 435 Thermosets (see Thermosetting
uses, 450 molding compounds)
Suppliers (see under specific marerial Ther tting molding comp
heading) 109
Surface resistivity, 53 compression molding, 112
Surlyn™ (see lonomer film) consumption Table 4-1, 111
Syndotatic polymers (see Polymeriza- definition, 111
tion) development programs, 117
Synthetic rubber (see Organic federal specification MIL-M-14,
clastomer wire and cable 118
insulation and Silicone rubber injection molding, 113
wire and cable insulation) introduction, 111
market trends, 117
Tan delta (5), 52 polymerization and polyconden-
Tapes (see Pressure-sensitive tapes sation, 111
and Nonadhesive tapes and principal compounds, 118
coated fabrics) ranking of compounds, 118
TDI (toluene diisocyanate) (see reinforcements and fillers,
Polyurett (PUR) embedding antioxidants, ultraviolet
resins) stabilizers, 112
Technology (see under chapter or relative costs, 116
specific material listings) standard tests, 113
Teflon™ (see Fluoropolymer listings) transfer molding 112
Tefzel™ (ethylene tetrafl hylene) Taluene diisocy (TDI) (see
(ETFE) (see Fluoropolymer Polyurethane (PUR) embedding
wire and cable insulation) resins and Polyurethane (PUR)
Temperature coefficient of resistance, wire enamel)
136 Torlon™ (see Polyamide-imide (PAl)
Temperature (thermal) index, 21 (see molding resin)
also Thermal classification) Toxicity
Tenite™ (see Polypropylene (PP) gases, 442
molding resin) Toxic Substances Control Act
Tensile (elastic) modulus, 57 (TSCA), 516
Tensile strength, 57 worker safety and health, 493
thermoplastics Table 3-10, 58 Toxic Substances Contro] Act
ther tting compounds Table (TSCA), 5, 516
4-11, 116 TPR (thermoplastic rubber) (see
Teramid™ (see Polyester-imide (PEI) Organic elastomer wire and
wire enamel) cable insulation)
Tests, 22 property Table 5-3, 144
Thermal American, silica (fused), 421 summary of characteristics Table
Thermal classification, 22 5-6, 170
Thermal endurance, 22 supplier Table 5-6, 170
Thermal stresses, 15 Tradlon™ (see Polyparabanic acid
Thermoplastic molding compounds, (PPA) film)
35 Transfer molding, 113
definition of terms relating to Transformer board, 321
plastics, 37 Treeing, 139
development programs, 67 Trickle impregnation, 239
engineering thermoplastics, 41 TSCA (Toxic Substances Contro]
injection molding, 46 Act), 516
introduction, 37 Tubing, 375 (see also specific polymer
market trends, 67 types)
maximum service temperature, convolute wound, 377
62 development programs, 393
principal polymers, 68 grades, 377
relative costs, 63 introduction, 375
standards tests, 47 market trends, 3193
summary of rankings, 68 properties, 192
Thermoplastic rubber (TPR) (see also shrinkable, 376
Organic elastomer wire and spiral wound, 377
cable insulation) suppliers, 375
property Table 5-3, 144 technology, 375
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Tubing shrinkable without heat
types Table 13-15, 392
Tung oil (China-wood oil), 233
Tyril™ (see Styrene-acrylonitrile
(SAN) molding resin)

Udel™ (see Polysulfone molding
resin)
UHMWPE (see Ethylene polymers
(PE))
UL (see Underwriters Laboratories
(UL))
Ultem™ (see Polyetherimide (PEI)
molding resin)
Ultrahigh-molecular-weight
polyethylene (UHMWPE) (see
Ethylene polymers (PE))
Ultraviolet stabilizers, 46
Ultraviolet (UV) light, 46
Unclad high-pressure laminates, 267
chemistry, 267
laminate manufacture, 272
prepreg manufacture, 271
polyimide (PI) laminates, 272
properties and uses, 273
property Table 9-1, 274
Unclad structures, 265
bulk molding compound (BMC}),
280
development programs, 267
high-pressure laminates, 267
introduction, 265
market trends, 267
polyester glagss mat laminates, 276
pulirusion, 281
reinforcements, 265
resins, 266
sheet molding compound (SMC),
278
Underwriters Laboratoties (UL), 485
Univolt™
dielectric liquid, 455
Unsaturated polyester coatings and
impregnants, 248
chemistry, 248
grades, 248
processing, 250
properties, 250
property Table 8-3, 249
suppliers, 233
uses, 256
Urea molding resins (see Amino
molding resins)
Urethanes (PURs) (see Polyurethane
listings)
U.S. and international standards, 13
U.5. Government Printing Office, 526
Uses (see under specific material
fistings)
UV (see Ultraviolet light)

vacuum pressure impregnation, 239
Valox™ (see Polybutylene terephtha-
late (PBT) molding resin)
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Varnish (see Coatings and impregnants)
Varnished fabrics and tapes
property Table 12-24 (PTFE-
glass), 370
property tests Table 12-12
(cotton), 358
property tests Table 12-14 (glass
fabric), 359
requirements Table 12-12
(cotton), 368
requirements Table 12-13
(cotton), 359
requirements Table 12-17
(polyester cloth), 361
requirements Table 12-18 (glass
fabric), 362
requirements Table 12-23 (glass
fabric), 369
Varnished sleeving (see Sleeving)
Victrex™ (see Polyethersulfone
molding resin)
Vinyl acetate, 156
Vinyl chloride (see also Polyvinyl
chloride (PVC) listings)
warker exposure limits, 504
Vinyls (see Polyvinyl chloride (PVC)
listings)
Voids, 16
Volatile organic compounds (VOCs),
517
Volume resistivity, 53
thermoplastics Table 3-6, 54

thermosetting compounds Table
4-6, 114
Von Hippel, Arthur, 19
Vulcanization, 173
Vulcanized fibre and fish paper, 5,
325
hemistry and p ing, 325
grades, 325
properties, 326
suppliers, 325
uses, 326
Vydyne™ (see Nylon 6/6 molding
resin)

‘Water absorption, 54
thermoplastics Table 3-8, 56
thermosetting compounds Table

4-8, 115

Water-based varnishes, 242

Water pollution, 520

‘Water resistance (see Water
absorption)

Wire and cable (see Extrusion
compounds and Magnet wire
enamels)

Wire enameling methods, 202

Worker safety and health, 493
acrylonitrile, 504
air contaminants limits of

workers exposure Table 19-1
(eight hour), 494
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Index

air contaminants limits of worker
exposure Table 19-2 (ceiling
limits), 502

air contaminants limits of worker
exposure Table 19-3 (peak),
503

Hazard Communication Standard,
504

National Institute for Occupa-
tional Safety and Health
(NIOSH), 493

Occupational Safety and Health
Administration (OSHA), 493

Toxic Substances Control Act
(TSCA), 516

Woven glass cloth (see Unclad

structures)

XCEL™
cellulose acetate (CA) film, 301
cellulose triacetate (CTA) film,
301
XLFE (see Ethylene polymers (PE))
Xydar™ (see Liquid-crystal polymers
molding resin)

Zircon ceramics (see also Ceramic
and glass insulations)
chemistry, 419
properties and uses, 430
Zytel™ (see Nylon 6/6 molding resin)
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