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Ambient / Rated Rise / Maximum

Conductors (lowest temperature criteria)

Bare conductorss, in free air
Bare conductors, in enclosure _______
Bare conductors, enclosure surface

Insulated conductors’, in free air
Insulated conductors, in enclosure
Insulated conductors, enclosure surface ____
Insulated conductors, in sun

Conductor Insulations’

T, TW, R, RW, RU
THW, Polyethylene, XHHW, RH-RW
Varnished Cambric _____
Paper Lead ________
Varnished Polyester ________
THH, Cross Linked Polyethylene, Ethylene-Propylene
Silicone Rubber __

Connectors and Terminations (lowest temperature criteria)

10 - .
Metals -, silver or silver alloy
Metals, copper, copper alloy or aluminum ___
Metals, aluminum alloy ____

Overcurrent Devices®* (lowest temperature criteria)

Circuit breakers, molded case _______
Circuit breakers, all others
Fuses ___

Disconnects and Switches Including Insulators and Supportsm
(lowest temperature criteria)

Bushings11 (lowest temperature criteria)

Transformer, lower end ____
Circuit breaker, lower end
External terminal |

Coils and Flela;gsa‘12
Class 90

Class 105

Class 130

Class 155

Class 180

Class 220

AC Motors, Field Windings'®

1.00 SF, class A _
1.00 SF, class B _
1.00 SF, class F _
1.00 SF, class H _

1.15 8F, class B _
1.15 SF, class F _

55/25/80
40/30/70
40/20/60

30/30/60
30/30/60
30/20/50
50/10/60

30/30/60
30/45/75
30/47/77
30/50/80
30/55/85
30/60/90
30/95/125

40/40/80
40/50/90
52/53/105

40/20/60
40/30/70
40/30/70

40/30/70

40/55/95
40/40/80
40/30/70

40/50/90
40/65/105
40/90/130

40/115/155
40/140/180
40/180/220

40/60/100
40/80/120
40/105/145
40/125/165

40/90/130
40/115/155

Note: Casing temperatures may be lower than these specified windings temperatures.
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DC Motors and Generators, Windinqs13

1.00 SF, class A _ . 40/70/110

1.00 SF, class B _ . 40/100/140

1.00 SF, class F _ B 40/130/170

1.00 SF, class H _ B 40/155/195

1.25 SF, (2hr), class B _____ B 40/80/120

1.25 SF, (2hr), class F _____ B 40/110/150

Note: Casing temperatures may be lower than these specified windings temperatures.

Cylindrical Rotor Synchronous Generators, Air Cooled. Casinq13

Class B _ . 40/70/110
Class F _ . 40/90/130
Class H _ . 40/110/150
Transformers, Distribution and Power'*'>"®

Dry type, class 105, windings _____ B 30/55/85
Dry type, class 150, windings ______ B 30/80/110
Dry type, class 185, windings ________ . 30/115/145
Dry type, class 220, windings ______ . 30/150/180
Qil cooled, 55°C rise, casing ________ . 30/55/85
Oil cooled, 65°C rise, casing _______ . 30/65/95

Note: 1. OQil-cooled casing temperatures measured near top of liquid in main tank.
2. Most 55C° rise transformers built before 1962.
3. For specialty transformers (other than power and distribution) or other liquid-cooled
equipment, such as specified on the nameplate.

az ;o Ve gloo cdl ¢ oo (oSSl anle o205 losal) ¢ (oS sloygige oguas (0 1 axg

cobl (o Mgy (SS9 Ceomd U ygig0 gmm pu 105 (Sl
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Bearings. Rolling Element T),ages17
Races (for metallurgical stability) 125
Rolling elements 125
Plastic retainer (cage) 120
Steel retainer (cage) 300
Brass retainer (cage) 300
Steel shield (closure) 300
Nitrile rubberlipseal 100
Acryliclipsgal 130
Silicone lipseal 180
Fluoriclipseal 180
PTFElipsgal 220
Feltseal 100
Aluminum labyrinthseal 300
Bearings, Plain Types Material™®
Tin base babbitt 149
Lead base babbitt 149
Cadmiumbase 260
Copperlead 177
Tinbronze 260
Lead bronze 232
Aluminum 121
Bearings, Plain Types. Factory Produced'®
Rulon, filled PTFE 204
Graphite bronze 204
pu_ 288
PTFE lined fiberglass _____________ . 177
NYION 149
Polyurethane 82
Polyacetyl 104
wood 71
Metalized graphite _____ 593
Purecarbon 399
Polyolefin, UHMPW 82
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Lubricants?® (when used with polyamide plastic bearing retainer)

Mineral oils without EP additives, i.e., machine oils, hydraulic fluid
EP qils, i.e., industrial, automotive, gearbox oils ______
EP cils, i.e., rear axle, differential, hypoid gear oils __

Synthetic oils

Polyglycols, poly-olefins ___
Diesters, silicones
FPhosphate diesters __________
Greases (mineral oil lubricant), lithium, polyurea, bentonite,
calcium complex

Lubricants, Greases (mineral oil), when used with steel or brass bearing retainer

Lithium base ______
Lithium complex _
Sodium base ______
Sodium complex _
Calcium (lime) base
Calcium complex
Barium complex _
Aluminum complex ____
Inorganic thickeners
Polyurea

Lubricants, Solid lubricant materials

Graphite
Molybdenum disulfide
Tungsten disulfide
Polytetrafluoroethylene ___

Seals and Gaskets, elastomers?'#?

O-rings and gaskets
Butyl rubber
Hypalon
Epichlorohydrin rubber ____
Ethylene acrylic _

EPDM __
Fluorocarbon (viton, kalrez)
Fluorosilicone _____
Neoprene

Nitrile ____
Polyacrylate rubber
Polysulfide rubber
Polyurethane _____
Silicone rubber ___

(_w.\ JPT) ) - IGS-O-MN-006(0)
Ol 58 o Sy
Delrin ____
Zytel .
Teflon ___
Rubber __

)

149
107
288

49

120
110
100

120
110
100

120

110
140

80
140

60
130
130
110
130
140

427
450
510
300

107
121
135
177
149
204
177
149
135
177
107

93
232
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Lip Seals
NI 121
Polyacrylate TUDD B 149
silicone rubber 163
Fluorocarbon (viton, kalrez) 204
L.eather 93
Mechanical Seal Material®, (see above for elastomers)
stellite 177
Tungsten carbide 232
steinless steel 316
Nj-resist 177
eronze, leaded 177
ceramic 177
carbon 275
silicon carbide 1,650
élass-filled teflon 177
Power Transmission Cc;mpcments24
V-belts 60

Gear drives: limited by maximum lube temperature.
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1 IRT camera
2 reflected heat source
3 target
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Material Temperature, Temperature,
Metals °F °C Emissivity
Alloys 20-Ni, 24-CR. 55-FE. Oxid. 392 200 0.9
20-Ni, 24-CR. 55-FE. Oxid. 932 500 0.97
60-Ni . 12-CR, 28-FE. Oxid. 518 270 0.89
60-Ni . 12-CR, 28-FE. Oxid. 1040 560 0.82
80-Ni, 20-CR. oxidized 212 100 0.87
80-Ni, 20-CR. oxidized 1112 600 0.87
80-Ni, 20-CR, oxidized 2372 1300 0.89
Aluminum Unoxidized 77 25 0.02
Unoxidized 212 100 0.03
Unoxidized 932 500 0.06
Oxidized 390 199 0.11
Oxidized 1110 599 0.19
Oxidized at 599°C (1110°F) 390 199 0.11
Oxidized at 599°C (1110°F) 1110 599 0.19
Heavily oxidized 200 93 0.2
Heavily oxidized 940 504 0.31
Highly polished 212 100 0.09
Roughly polished 212 100 0.18
Commercial sheet 212 100 0.09
Highly polished plate 440 227 0.04
Highly polished plate 1070 577 0.06
Bright rolled plate 338 170 0.04
Bright rolled plate 932 500 0.05
Alloy A3003, oxidized 600 316 0.4
Alloy A3003, oxidized 900 482 0.4
Alloy 1100-0 200-800 93427 0.05
Alloy 24ST 75 24 0.09
Alloy 24ST, polished 75 24 0.09
Alloy 755T 75 24 0.11
Alloy 758T, polished 75 24 0.08
Bismuth Bright 176 80 0.34
Unoxidized 77 25 0.05
Unoxidised 212 100 0.06
Brass 73% Cu, 27% Zn, polished 476 247 0.03
73% Cu, 27% Zn. polished 674 357 0.03
62% Cu, 37% Zn. polished 494 257 0.03
62% Cu, 37% Zn. polished 710 377 0.04
83Y% Cu, 17% Zn, polished 530 2717 0.03
Matte 68 20 0.07
Burnished to brown color 68 20 0.4
Cu-Zn, brass oxidized 392 200 0.61
Cu-Zn, brass oxidized 752 400 0.6
Cu-Zn, brass oxidized 1112 600 0.61
Unoxidised 77 25 0.04
Unoxidised 212 100 0.04
Cadmium 77 25 0.02
Carbon Lampblack 17 25 0.95
Unoxidised 77 25 0.81
Unoxidised 212 100 0.81
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Material Temperature, Temperature,
Metals F °C Emissivity
Unoxidized 932 500 0.79
Candle soot 250 121 0.95
Filament 500 260 0.95
Graphitized 212 100 0.76
Graphitized 572 300 0.75
Graphitized 932 500 0.71
Chromium 100 38 0.08
1000 538 0.26
Polished 302 150 0.06
Cobalt Unoxidized 032 500 0.13
Unoxidized 1832 1000 0.23
Columbium Unoxidized 1500 816 0.19
Unoxidized 2000 1003 0.24
Copper Cuprous oxide 100 38 0.87
Cuprous oxide 500 260 0.83
Cuprous oxide 1000 538 077
Black, oxidized 100 38 0.78
Etched 100 38 0.09
Matte 100 38 0.22
Roughly polished 100 38 0.07
Polished 100 38 0.03
Highly polished 100 38 0.02
Rolled 100 38 0.64
Rough 100 38 0.74
Molten 1000 538 0.15
Molten 1970 1077 0.16
Molten 2230 1221 0.13
Nickel plated 100500 38260 0.37
Dow metal 0.4-600 18316 0.15
Gold Enamel 212 100 0.37
Plate 0.0001
Plate on 0.0005 silver 200-750 093-300 0.11-0.14
Plate on .0005 nickel 200-750 093-300 0.07-0.09
Polished 100-500 38-260 0.02
Polished 10002000 538-1003 0.03
Haynes Alloy C, Oxidized 6002000 316-1003 0.90-0.96
Haynes Alloy 25, Oxidized 6002000 316-1003 0.86-0.80
Haynes Alloy X, Oxidized 6002000 316-1003 0.85-0.88
Inconel sheet 1000 (538) 1000 538 0.28
1200 (649) 1200 649 0.42
1400 (760) 1400 760 0.58
Inconel X, polished 7524 75 24 0.19
Inconel B, polished 7524 75 24 0.21
Iron Oxadized 212 100 0.74
Oxadized 930 400 0.84
Oxidized 2190 1190 0.80
Unoxidized 212 100 0.05
Red rust 77 25 0.7
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Material Temperature, Temperature,
Metals °F °C Emissivity
Rusted 77 25 0.65
Liquid 2760-3220 1516-1771 0.42-0.45
Cast iron Oxidized 300 199 0.64
Oxidized 1110 599 0.78
Unoxidized 212 100 0.21
Strong oxidation 40 104 0.05
Strong oxidation 482 250 0.95
Liquid 2795 1535 0.29
Wrought ron
Dull 77 25 0.94
Dull 660 349 0.94
Smooth 100 38 0.35
Polished 100 38 0.28
Lead Polished 100-500 38-260 0.06-0.08
Rough 100 38 0.43
Oxidized 100 38 0.43
Oxidized at 1 100°F 100 38 0.63
Gray oxidized 100 38 0.28
Magnesium 100-500 38-260 0.07-0.13
Magnesium oxide 1880-3140 1027-1727 0.16-0.20
Mercury 32 0 0.09
77 25 0.1
100 38 0.1
212 100 0.12
Molybdenum 100 38 0.06
500 260 0.08
1000 538 0.11
2000 1003 0.18
Oxidized at 1000°F 600 36 0.8
Oxidized at 1000°F 700 371 0.84
Oxidized at 1000°F 300 427 0.84
Oxidized at 1000°F 900 482 0.83
Oxidized at 1000°F 1000 538 0.82
Monel, Ni-Cu 392 200 0.41
752 400 0.44
1112 600 0.46
Monel, Ni-Cu oxidized 68 20 0.43
Monel, Ni-Cu
Oxidized. at [110°F 1110 (599) 1110 599 0.46
Nickel Polished 100 38 0.03
Oxidized 100-500 38-260 0.31-0.46
Unoxidized 71 25 0.05
Unoxidized 212 100 0.06
Unoxidized 932 500 0.12
Unoxidized 1832 1000 0.19
Electrolytic 100 38 0.04
Electrolytic 500 260 0.06
Electrolytic 1000 538 0.1
Electrolytic 2000 1003 0.16
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Material Temperature, Temperature,
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Nickel oxide 10002000 53810093 (0.59-0.86
Palladium plate (0.00005  on 0.0005 silver) 200-750 03-300 0.16-0.17
Platinum 100 38 0.05
500 260 0.5
1000 538 0.1
Platinum, black 100 38 (.93
500 260 0.96
2000 1003 0.97
Oxidized at 1100°F 500 260 0.07
1000 538 0.11
Rhodium flash (0.0002  on 0.0005 Ni) 200-700 093371 0.10-0.18
Silver Plate (0.0003 on Ni) 200-700 093371 0.06-0.07
Polished 100 38 0.01
500 260 0.02
1000 538 0.03
2000 1003 0.03
Steel Cold rolled 200 03 0.75-0.85
Ground sheet 17202010 938-1099 0.55-0.61
Polished sheet 100 38 0.07
500 260 0.1
1000 538 0.14
Mild steel, polished 75 24 0.1
Mild steel, smooth 75 24 0.12
Mild steel,
ELiquid 2010-3270 15991793 0.28
Steel, unoxidized 212 100 (.08
Steel, oxidized 77 25 0.8
Steel alloys Type 301, polished 75 24 0.27
Type 301, polished 450 232 0.57
Type 301, polished 1740 040 0.55
Type 303, oxidized 600-2000 316-1093 0.74-0.87
Type 310, rolled 15002100 816-1149 0.56-0.81
Type 316, polished 75 24 0.28
Type 316, polished 450 232 0.57
Type 316, polished 1740 949 0.66
Type 321 200-800 093427 0.27-0.32
Type 321 polished 3001500 140-815 0.18-0.49
Type 321 w/BK oxide 200-800 03427 0.66-0.76
Type 347, oxidized 600-2000 316-1093 0.87-0.91
Type 350 200-800 093427 0.18-0.27
Type 350 polished 3001800 149982 0.11-0.35
Type 446, polished 300-1500 149-815 0.15-0.37
Type 17-7 PH 200600 93316 0.44-0.51
Type 17-7 PH
EPolished 300-1500 149-815 0.09-0.16
Type C1020,
Oxidized 600-2000 316-1093 0.87-0.91
Type PH-15-7 MO 300-1200 149640 0.07-0.19
Stellite Polished 68 20 0.18
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Tantalum Unoxidized 1340 727 0.14
2000 1093 0.19
3600 1982 0.26
5306 2030 0.3
Tin, unoxidised 77 25 0.04
212 100 0.05
Tinned iron, bright 76 24 0.05
212 100 0.08
Titanium, Alloy C110M  Polished 300-1200 149640 0.08-0.19
Oxidized at 338°C (1000°F) 200-800 03427 0.51-0.61
Alloy Ti-95A, Oxid. at, 238°C (1000°F) 200-800 03427 0.35-048
Anodized onto S8 200600 03-316 0.06-10.82
Tungsten Unoxidized 77 25 0.02
Unoxidized 212 100 0.03
Unoxidized 932 500 0.07
Unoxidized 1832 1000 0.15
Unoxidized 2732 1500 0.23
Unoxidized 3632 2000 0.28
Filament (aged) 100 38 0.03
Filament (aged) 1000 538 0.11
Filament (aged) 5000 2760 0.35
Uraniom oxide 1880 1027 0.79
Zinc Bright, galvanized 100 38 0.23
Commercial 99.1% 500 260 0.05
Galvamzed 100 38 0.28
Oxadized 500-1000 260-538 0.11
Polished 100 38 0.02
Polished 500 260 0.03
Polished 1000 538 0.04
Polished 2000 1093 0.06
Non-metals
Adobe 68 (200 0.9
Asbestos Board 100 38 0.96
Cement 32-392 0-200 0.96
Cement, red 2500 1371 0.67
Cement, white 2500 1371 0.65
Cloth 199 93 0.9
Paper 100-700 38-371 0.03
Slate 68 20 0.97
Asphalt, pavement 100 38 0.93
Asphalt, tar paper 68 20 0.93
Basalt 68 20 0.72
Brick Red, rough 70 21 0.93
Gault cream 25005000 13712760 0.26-0.30
Fire clay 2500 1371 0.75
Light buff 1000 538 0.8
Lime clay 2500 1371 043
Fire brick 1832 1000 0.75-0.80
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Magnesite, refractory 1832 1000 0.38
Grey brick 2012 1100 0.75
Silica, glazed 2000 1093 (.88
Silica, unglazed 2000 1003 0.8
Sandlime 2500-5000 13712760 0.59-0.63
Carborundum 1850 1010 0.92
Ceramic Alumina on Inconel 8002000 4271093 0.60-0.45
Earthenware, glazed 70 21 0.9
Earthenware, matte 70 21 0.93
Greens No. 5210-2C 200-750 03300 0.80-0.82
Coating No. C20A 200-750 03-300 0.73-0.67
Porcelain 72 22 0.92
White AI203 200 03 0.9
Zirconia on Inconel B00-2000 427-1093 0.62-0.45
Clay 68 (20) 0.39 0.39
Fired at 158 70 0.91
Shale at 68 20 0.69
Tiles, light red 2500-5000 1371-2760 0.32-0.34
Tiles, red 2500-5000 13712760 0.40-0.51
Tiles,
Dark purple 2500-5000 13712760 0.78
Concrete Rough 32-2000 0-1093 0.94
Tiles, natural 25005000 13712760 0.63-0.62
“Brown 2500-5000 13712760 0.87-0.83
“Black 2500-5000 1371-2760 0.94-0.9]
Cotton cloth 68 (20) 0.77
Dolomite lime 68 (20) 0.41
Emery corundum 176 (80) 0.86
Glass Convex D 212 100 0.8
Convex D 600 316 0.8
Convex D 932 500 0.76
Nonex 212 100 0.82
Nonex 600 316 0.82
Nonex 932 500 0.78
Smooth 32-200 0-93 0.92-0.94
Granite 70 21 0.45
Gravel 100 38 0.28
Gypsum 68 20 (0.80-0.90
Ice, smooth 32 0 0.97
Ice, rough 32 0 0.98
Lacquer Black 200 93 0.96
Blue, on Al foil 100 38 0.78
Clear, on Al foil (2 coats) 200 03 0.08 (0.09)
Clear, on bright Cu 200 03 0.66
Clear, on tarnished Cu 200 a3 0.64
Red, on Al foil (2 coats) 100 38 0.61(0.74)
White 200 a3 0.95
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