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ASTI-AIAE JOINT COMMITTEE OM EFPECT OF
TEAPERATURE ON PROPERTIES OF AETALS

EI

ron HEAT MUMBER
Ko
CURECAL
couroTIoN | 99.99
s Couv

Rosenberg, H. M., Phll, Trans, Roy, Soc. (London) A247,
(0958) pp. 441-497; Powere, R. W., Ziegler, J. B, and
Johnston, M. 1., TR 264-6, Cryogenice Laboratory,

Ohio State University, (1951) p. 17; as found in "A Compendium

of the Properties of jals at Low T » Phase I
Pu! I, edited by Victor J. Johnson, NBS Cryn.emc Engineering
L » Colorado (D ber, 1959).
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ASTI-ASHE JONNT COMMITYEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

®

MATERIAL Armeo Iron NEAT MUMBER
CHRECAL

COMPOSITION

R CENT

uu'

TREATMENT

SEFERENCE  WADC Technical Report 58-274; Armour Rasearch,

ST )=t STV -1 STU NR-1 aTU HR-1
e, |rrlet ] o, [rr2e-t] Tme, [rr2e-t | oTeee, |er2ea)
L [4J L4 Lo [ (4 ’ [4d
208 3,7 673 30,1 J1269 19,1 1194 12.0
303 36,8 883 25,9 1439 17.0 1941 17,0
.4 035 PN 1560 17,0 2199, 17.5
620 1 30,1 § 1202 1 207 11630 1.0 2400 12,6
ASTR-ASNE JOINT COMMITTEE ON EFFECT oF @
TENPERATURE ON PROPERTIES OF METALS
MATERIAL rls HEAT MUMBER
Lo S c
Mo, Ni. Ex
COMPOSITION 0, 067 {0, 0. 0,035 | 0,028 ]0, 024 ]
o (oa032,2.0,020 20,024 L _R2
IIA%
TREATMENT
Armastrong, L, D, and Dauphines, T. M, , "Thermal Conductivity
REFERENCE  of Metals at High Temperatures, Part L, Description of the
Apparatus and Measurements on Iron" Canadian Journal of
Ressarch, Vol 25, Sec, A (November, 1947) PPe 357-374; As
found in USAF Techuical Report 6145-1,
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212 6o I 239z 1 360 Q 572 32,2 752 28,5
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ASTA-ASHE JOIMT COMMITTEE ON EFFECT OF @
TENPERATURE ON PROPERTIES OF METALS
MATERIAL Armeo Iron HEAT NUMBER
Armeco Iron
[ +] - Fe
CHEMICAL Mo
:1:&1’“ °I 082 oa 03 0,02 |0,005 | Bal
LEORM
WEAT
TREATMENT
Shelton, S, M, , "Thermal Conductivity of Some Irons and
SEFERENCE seull Over t!u ‘hmpenhn R.ulc 100-500 C" National
of Sta s Vol 12 (April, 1934)
] Ppe 4$41-450; As found hUSAl‘ Techni hport 6145=1,
THERMAL CONDUCTIVITY
7Y RV aTU M-V STU MR-V TV um-1
Tae, |rrde-t | e, |rre2r-1 ] Tvee, |etlde-l | tewe, | Pre2pa
|4 (4] L4 (4] L4 " L [4d
212 38.5 392 35.1 5712 3.7 152 28.3
932 25,2
ASTI-ASME JOIMT COMMITTEE ON EFFECT OF @
TENPERATURE ON PROPERTIES OF METALS
MATERIAL A.rmcn Iron, HEAT WUMBER
S [+ P Si K=
CHEMICAL
comrOsITION 10, 035 10, 026 | 0, 015 {0, 014 ] 0, 004 "Ng" Bal
rER CENT
un%
Lucks, C, F., et, al,, "The Exp 1 M of
CEFEREMCE Thermal Conductivities, Specific Heats, and Densitiss of
Metallic, Transparesnt and Protective Materials, Past I

e SSAL Tochaical Report No, 6145-1 (February, 1951), |

aTu -1 L | orumm-3 sTum-t
Tewe, [ev-2e-1] vee, |rr-2e-t] T, jer-2r-1 | Tewr, |PT-2p-8
’ " r . o] * [l [ ad
212 39.9 392 36,0 572 32.2 152 28.5
932 25,4
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL Armco lron WEAT WUMDER
s I c Gu | si P Fe
CHEISCAL
cowrosimion 1003210030 1 0,01510,013 1 0,0]010, 003
PER CENT
| FORM
HEAT
TREATMENY
Hattori, D, "Thermal Cond\:ctlv‘lty of Pure Iron" Science
RIPERENCE Tohoku Y. Vol 26, (1937) pp. 190=204;
As found 1a USAF Technical Report 6145-1,
REMARKS




THERNAL CONDUCTIVITY

e stV m-d TV M-? sTY -t
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ASTR-ASAE COMMTTEE ON EFFECT @
TENPERATURE ON PROPERTIES OF AETALS
MATENIAL " Armco Irom WEAT WOMER
s Ma c P Si, Ee
couroumion | 0,056 Jo, 026 |0.012 | 0.011]0, 006 | 06,0021 Bal
rem cany NN E—
| PORM
NEAT
TREATMENT
¢ W. G., "Th 1 and Electrical Conductivities of
REFERENCE 5overal Metals -183 to 100 G*, Proc. Royal Soc, {London)
Vol 141, (1933) p. 159-163; as found in USAF Technical
MemenceRspoxt £145-1,
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ASTE-ASAE JOONT COMMITTEE OM EFFECT OF @
TERPERATURE ON PROPERTIES OF METALS
MATERIAL Armco Jron HEAY WUMBER
CHEMICAL
COMPOSITION
PER CENT
| FORM
MEAT
TREATMENT
Lucks, C. F. and Deem, H. W,, "Thermal Conductivitics, Heat
®EFEREMCE  Cupacities and Lincar T 1 ion of Five Matari

| WADG Techaical Report 55-496, {August, 1956) |
THERNAL CONDUCTIVITY
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o, |rr-2e-v ] Tewe, jer2e-0 ] vewe, (Fr-2e-) | TEw, |PY-Rp-t
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918 26,9 1121 23,5 1395 19,8 1805 19,4
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{ I 1 |
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THERNAL CONDUCTIVITY
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ALl 22.8 1058 24.6 1 1382 1 20,5 1663
L 932 25,5 3135 22,1 1392 19,8 1889 27,0
984 26,3 1193 22.4 [ 22.1
jom 2,
| | 1 | | 1 | |
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Towp, |PT-20-1 1 TRMP, |PT-2p-1]1 TEMP, (eT-2p-1 } TR, |Fye2p-t
[ ] [ T (A [ (Al
1033 23,6 1380 20, 0 21,7 1702
1202 21.8_] 1452 ’_u."z_ 1630 22,9 —
| Determipation 3.
THERMAL CONDUCTIVITY
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THERBAL CONDUCTIVITY
STV -t TV -y STV R-1 STV m-1
TP, |FTI-20-0 ] TEWP, e, Tee, |rr-2e
[ T [ [ (Al
1017 19.0 1504 19.1 1625 18,1
1186 22,0 1422 18,2 1585 19.4 1665 19,4
Determination 5,
I | | 1 | AN
THERBAL CONDUCTIVITY
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Determination 6,
I I | 1 1 i I 1
THERBAL CONDUCTIVITY
STV M-V sTU HR-F sTu -t TV Im-1
e, |[Pr-2e-t ] vow, [rr-2r-t ) vew, [rr-2e-t | ovoe, T2 -1
[ (4l [ (4] [ (a4 [ Y
[13 [} 022 24, 324 1 20, 9 19.1
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1011 Y 170 FEN 11 3 3.
—
i | 1 1 i | | I
1 1 1 1 1
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL WEAY NUMBER
RATERA
si <. P Mo |l S Fe
CHEMICAL
courosimon | 0, 028 1 0 026 10,021 | 0,02 | 0,011] Bal
rex Lh _—— w————
uu't*
TREATMENY  Annealed at 900 C. )
(3 s L., "Th 1 C y Data P d for Various
REPERENCE  )etals and Alloys Up to 900 C* Journal of Metals, 5, pp. 631,
REMARKS Test Msthod: Comparative,




TV -1 aty ue-1 STU ¥a-1 T m-1
e, [ev-2e-1] tTewe, Jev-2e-1 ] tewe, |rv-2p-1 ] TR, |FY-2P-0
[ (a4 Q (A1 [] (44 [ [ad
22 2.9 § 22 39,3 292 35,0 F 572 3.9
[ 352 28, 932 25,3 f1112 22,2 1292 19,1
1472 15, 1652 2.7

ASTE-ASME JOINT COMMITTEE ON EFFECT OF
TEMPERATURE OM PROPERTIES OF METVALS

HEAT NUMBER

MATERIAL Iron
e

L5

TREATMENT

Ebert 1928, Nix and MacNajr 1941; As found in "A Compendium
REFERENCE  of the P: rties of i at Low Temp » Phase I %
Part II, edited by Victor J. Johnson, NBS Cryogenic Engincering

COEPFICIENT OF LIMEAR THERMAL EXPANSION

o TEMP TOe O
Joance ¢ | 7-Vx 108 Jmance £ | p-Vx 108 Daance r | o=V x 106 Jnance £ | =128
=459 [) =334 .6 172 4, 8 8 L 28
=424 0,06 =316 29 =136 5,2 32 33
[ =406 0,17 =2 K] =100 5,56 13 g
| =388 | 0,39 -260 21 - 64 5.8 68 6ad4
[ =320 0.72 244 3.5 = 28 6,06 80 6.6
r_-]ﬂ L1 =208 4.2
ASTA-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL _ Iron WEAT VASER
Fe
couroution  199.99
rER CENT
'!mt
TREA

Awbery, J, H, aod Griffiths, E,, "Thermal Gapacity of Pure
REFERENCE  Iron’} Proc, Roy, Soc,, Vol A 174, pp, 1 ~15 {England),

AEMARKS Test method: Guarded Sample,
SPECIFIC HEAT

Tew, [sTuLs-tf Towr, lavw Le-1{ T, lstuis-1] TR, |ety Le-?
| * (X ¥ [ [ -1 r [
212 ] K} 124 572 09.13; 152 0, 133
932 , 16 [] . 180 1292 0, 209 1300 0, 249
._I|J6 , 201 4 , 189 1508 0,181 1534 0,176
| 1580 L 17 6 . 169 1652 0,190 1670 0,268
.13 1 1 L124 L4l 1142 0.137

ASTI-ASME JOINT COMMTTEE ON EFFECT OF @
TEWPERATURE ON PROPERTIES OF METALS

CHRINCAL

PER CEMT

HMATERIAL ko.

comrosIION | 92,99

HEAT NUMBER
¥

Fe

L EORM

HEAT

v

REFERENCE o
‘ Yol 161, pp, 87,

Pallister, P, R,, "The Specific Heat and Resistivity of High~
Iron Up to 1250 C", Journal Irom and Steel Institute,

EEMARKS Test method d epeci
SPECIFIC MEAT
Tar, [stuis-1] vew, lstoLs-1ll Tewe, [sTu Lp-1] TEWP, [BTU LE-Y
¥ p-1 [ [ [ [ 5] [ -1
32 0.104 68 | 0105 122 1 6108 212, Q114
2 124 572 0,132 152 144 932 0,158
1152 0,189 1202 0.195 1292 0.217 1a82 | 0.270
0, 18 1472 0,199 1562 912 1652 0. 157
1742 0. 132 1832 0,136 1922 140 2012 0,145
2102 0,149 2192 0.153 2282 0.5
ASTR-ASAE JOINT COMMITTEE OM EFFECT OF @
VEAPERATURE ON PROPERTIES OF MEVALS
ron WEAT WUMBER
c s I si | Mo P Gy i | o N
CHBUNCAL
courouTIOn <0, 005 |<0. 0041<0, 008] 0.003 | 0.002] 0.004] 0,031]<0,001] uil
reR CENT
Fe
Bal
PORM
WEAY
TREA
Kelley, K. K., "The Specific Heat of Pure [ron at Low Tempera-
BEPEREMCE e+, Jour. ci Chem. Phys.,Vol L1, p 16,
RBMARXS  Anncaled at 1190 C in dry hydroges. Test method=-guarded
sample.
SPECIFIC MEAT
Ter, [sTULe-'[ T, [sTu Ls-T|l TEwr, [aTU LB-1] TEW, |BTV Le-1
[ -t [ -1 4 -1 [ [
=370 0,013 =352 0,021 -334 0, 029 -316 0.037
=298 0, 045 =280 0, 052 =262 0,058 =244 0,064
=226 0,069 -208 0,074 =190 0, 078 =112 0,081
~136 0, 0BY =99 0, 092
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
[ MATERIAL 170 WEAT NUMBER
CHBMCAL
COMPOSITION
PER CEINT
FoRM
HEAT
TREATMENY
Austin, J, B., "Hcat Capacity of Iron™, Industrial and Eng,
REFERENCE  C\ . Vol 24, p 1225,
ARMARKS




SPECIPIC HEAT
e, (swes-'] e, [stwis-t] Tewe, |eTuLs-t] TR, [TV LS-!
[ [(X] [] -1 [ (3] r [ )
| =404 0,003 32 0,104 1022 0,172 1332 0 162
r_.m 0. 007 7 D )08 1112 0. 188 1922 Y
~369 21 212 0,115 | 2012 163
=324 93 302 0,121 1292 0,230  _R2102 164
=219 os) 0 392 0. 128 1382 0214 2132 0. 165
=234 , 065 482 0,134 400 0,220 2282 0, 16|
~189 , 077 572 0, 140 1472 0,210 2372 0,167
Py 086 662 0. 146 1562 0.194 2462 Q.16
- 9 0. 092 152 0, 151 1652 0.186 2552 0,169
= 0,097 842 0,157 1653 0,160 2642 170
- 0,101 932 0,163 1742 0,161 2732 0,17
ASTM-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL NEAT NUMBER
_Fe
CHEMICAL
CONPOUTION 99.99
PER CONT
| £ORM
HEAT S . N
lemr, P. R,, "The Specific Heat and Resistivity of High-
rz Iron Up to 1250 C') Journal [ron and Steel Institute,
Vol 161, pp. 87.
REMARKS Test method: Voltage dyop,
ELECTRICAL RESSTIVITY
ToeP, WICROWM- § TENP, MCROH- TEMP, { MCRONM. TP, MICROMN-
[] o [ [+ [4 -] [ cu
32 8.9 572 30,2 1202 16.9 1742 113.9
63 9,8 662 353 1292 85,9 1832 1158
122 1l.5 152 41.0 138 96. 0 1922 117.5
252 J4.5 J 842 47,0 400 8.5 2012 119.0
.02 1 17,9 932 53,7 1 1472 104.9 2102 120.4
| 392 21,6 1022 60,9 1562 108,7 2192 12L.8
452 25,7 1212 £8,7 1652 122,6 2482 1221
ASTE-ASAE JOINT COMMITTEE OM EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL # Iron HEAT NUMBER
CHBNCAL
COMPOSITION
e cor
| FORM
NEAT
TREATMENT

Duyckaerts, G, , Physica, 6, (1939) pp. 401-8; Keesom, W, H,

REFERBNCE  4nd Kurrelmayer, B,, Physica, 6, (1939) p. 633; Kelley, K, K.,
Journal of Chem, Phys,, 11, (1943) pp. 16=18; As found in
®A Compendium of the Properties of Materials at Low
Temperatures, Phase 1"y Part II, edited by Victor J. Johuon,
NBS Cryogenic Enginearing Lab Y 1d

e {Degember, 1959,
SPECIFIC HEAT
e, [svuLs-tf Tawr, [stu Ls-1f vEwr, [ortu LB-1] TRMP, [NTU LB-1
[ (] [ [ =) [4 -1 4 [
458 | 0. 000022)f <433 | 0, 00060 | -334 0. 029 =138 |_0.08
=456 0.000044) 4.4 0. 0011 ~Nb € 037 =100 [}
454 10, 000067] -415 ] 0,008 ~298 0, 044 - 64 0,096
=453 10,000001H -~406 0,0030 =280 0,082 = 0,099
45} |0, cocl47l -388 {0,007 <244 0, 064 8 0, 010
0022 § =370 1o,0t3 1l -208 0,073 44 0,010
~442 _J0,00030 1 -352 0,021 =172 0, 081 80 0,01}
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ASTI-ASHE JOINT COMMITTEE OM EFFECT OF
TEAPERATURE OM PROPERTIES OF METALS

[ATERAL Y Tron AT e

PER CENT

| FORM
HEAT
TREATMENT

Eucken, A, and Werth, H, Z. Anorg. w. Chem,, 188,
REPERENCE  pp 132.72; As found in "A Compendium of the Properties of
Materials at Low Temperatures, Phase [} Part II, edited
by Victor J. Johnn-, NBS Cryogenic Enginecering Laboratory,
{Dx ber, 1959).

SPECINC MEAT
Tewr, [stuis-t] T, [aTV LE-V[| TEMP, “{eTU tB-'] TEMP, BTV L8-}
¥ F-1 [ r-1 [ [a) [ F-1
=424 0,002 [l -352 0,033 H - o069 I 172 10102
1 0,004 =334 0.043 244 0,082 136 ol
=388 | 0.010 =alé 0,052 =208 0.093 § -100 0.112
- 0.022 | w298 0061
ASTI-ASAE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ONM PROPERTIES OF METALS
TERIAL ___ Ingot Iron WEAT NUMBER .
CNEMICAL
COMPOSITION
PER CEMT
L EORM
HEAT
TREATMENT
REFERENCE U, S, Steel,
COEPFICIENT OF LINEAR THERMAL EXPANSION
o NP Toer TEwP o
Inance ¢ | e-Vx ot foance ¢ | e-tx10f Fmance v [ r-tx b Buance v | 12148
70-200 €. 6| 70-600 1.4 70-1000 | 8,0 7051200 | 8,2
70-400 1,1

ASTIASHE JOINT COMMITTEE ON EFFECI’ OF

TEMPERATURE ON PROPERTIES OF METALS

MATERIAL Electrolytic Jron HEAT WUMBER

CHEMICAL

COMPONITION

PER CONY

1

| FORM

HEAT

TREATMENT  Smooth Oxidised Surface,

REFERENCE  Levy, A., “Metals for Short Time Service at High Temperatures)

Materisls and Methods Manual No, 115, (April, 1955),
EnssviTY
Tl." . TOTAL 7;' ' TOTAL e, TOTAL TEup , TOTAL
NORMAL NORMAL L4 NORMAL Ld NORKAL

260-980 }0,78-0,82

Assumed to be total cmmigsivity,




ASTA-ASME JOINT COMMITTEE ON EFPECT OF
TEAPERATURE OM

ASTA-ASHE JOINT COMMTTEE OM EFFECT OF @
OM PROPERTIES OF METALS TEAPERATURE OM FROPERTIES OF METALS

MATERIAL HEAT WUMBER MATERIAL 1o WEAT WUMBER

CHBNCAL CHEMICAL

COMPOSITION * TI0M

rea cov e cant

uu!

h Metallic Surf

MEAY
TREATMENT Oxidised Surface,

Levy, A. wietals for Short Time Sexvice at High Temperatures’) acg LT Al "Metals for Short Timae Service at High Temperatures')y
REFERENCE rerials and Methods Manual No, 118, (April, 1955} AEPRRENCE L,  riale and Methods Mamual No, 115, (April, 1955),

REMARKS
ERBSIVITY
EMISSIVITY
e, | ToTAL Tewe, | vora | e, | vora e, | TovaL
[] [] womwaL | ¥ NORMAL [) MORMAL |
212 0,736
e, | TOTAL Tor, | ot | T, | votaL TBe, | votaL - - -
[ [ [ WORMAL [ I T 1 )
d to total emmissivity,
i I I 1 1 1 1 ASTM-ASHE JOINT COMEITTEE OM EFFECT OF
TEMPERATURE OM PROPERTIES OF METALS
ASTR-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS MATERIAL = WEAT MUMBER
I
CumMCAL
[uATERIAL _ Irca HEAT_WUMBER cawosmon
e CenY
CmacAL
COMPOUTION
PER CENY
PORM
HEAT
Oxide Sork
| FORM_ rerERINCE chy, A. » "Metals for Short ﬂmc Service at High Temperatures’
NEAY Iron Plate, Pickled, then R & s and d t No, 118, {April, 1955)
TREATMENT » s then Rusted Red; Oxide sw:. N » 2 o
[o———— Levy, A., “Metals for Short Time Service at High Temperatures’
Materials and Mcthods Manual No. 115, (April, 1958), EMSSIVITY
EMSSIVITY
TR, | TOTAL ewe, | TovAL | TEeP, | TOTAL e, | ToTAL
3 WORMAL [ MORMWAL [ MORMAL' [ WORMAL |
0-2190 10, 85-0, 89 .
T, | vora e, | voraw | vew, | TovaL TR, | TOTAL ..__r_j___r_'!ﬂ"“md to be total emmissivity,
[ NORMAL v WORMAL [) NORMAL . womuay | 1 | | 1
(&8 0,612
sumed to be total emmissivi .
-—"'—ﬁ;-fm' T 1 Y ASTA-ASAE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @ ———
TEAPERATURE ON PROPERTIES OF METALS [MATERIAL _ Ingot Iron WEAT_WUMBER
CUDNCAL
HATERIAL Iron HEAT NUMBER COMPOSITION
rER CaMT
CDacAL
COMPOSITION
R CcOMT
| FORM
NEAT
TREATMENT Rough Oxide Surface.
o ptrERencs  Levy, A., "Metals for Short Time Service at High Temperatures?
HEAT
taeanaent Polished Metallic Surlue. Materials and Methods Manual No, 115, (April, 1955),
ngreemnce  LovY, ‘A., "Metals for Short Time Service at High Temperatures? ResARES
Materials and Methods Manual No, 115, {April, 1955),
ERssVITY
ENISSIVITY
Tewe, | voTAL Tewe, | vorar | vewe, | voraL Teee, | voTaL
wme, | Tota e, | ot | e, | TOTAL e, | vora [ NORMAL [ NORMAL [ MORMAL [ NORMAL |
NORMAL ¥ [ NORMAL ¥ MORMAL | poo-zoaolo 87-0,954
B
Assumed to be to:z] emmissivity,




ASTI-ASEE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS

[MAVERIAL W rogght Iron. MEAY MMAER

CRCAL

COMPOSITION

reR CBMT

l‘l'

TREATMENT Polished Metallic Surface,

sgraatcE VY. Ar, "Metals for Short Time Service at High Temperatures)

and Method No, 115, (April, 1959),
RBARES
EMSSIvVITY
TS, TOTAL TSP, TOTAL TEw TOTAL TP TOTAL
) NORMAL donuy | ¢ " lwoma | ¢ onyAL |
=480 0,28
] total emmiveivity,
ASTR-ASHE JOINT ON EFPECT OF @
TEAPERATURE ON PROPERTIES OF METALS

[JATERAL " Wrought Iron HEAY inibeR
CHEMICAL
COMPOITION
e CONT

REFERENCE Levy, A, “Mstals for Short Time Service at High Temperatures?|
and Method

1 No, 115, {April, 1955).
REMARKS
ENSSIVITY
me, TOTAL e, TOTAL TEer, ToTAL TS, TOTAL
L morun, | F £ _jwonmn ) v MORMAL
120-680 | 0,94
——Atsgmed to bt tatal
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ALLOY STEELS

)
| 1
® 137 m-!f. Alloy, DS 1
+ FNCT Alloy, DS. 9
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COEFFICIENT OF LINEAR THERMAL EXPANSION

| MATERIAL n Alley WEAT NUuSER
Cr Mo Fe
CVEMICAL
o TEw e TEMP COMPOTION 2 1 Bal
RanGE P | e-1x rance B | -V x1eb Fuance ¢ | r-tx10f Reance ¢ | r-Vx1eb e CEnt
200 1 6.20 3 €00 £.94 F BOO .28 8 1000 2.60
400 6, 58
Valyes £ e ici | rorm
HEAT
TREATMENY
REFERENCE 5. Steel,
ASTH-ASSE JOINT COMMITYEE OM EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
— COEFFICIENT OF LINEAR THERMAL EXPANSION
MATERIAL __Tron Alloy=e17-22A WEAT WOWMBER
Cr Y Si Mo [¢] F
cnBacaL <
run CENT - B I A ne O TeMP ‘ Temp Tenp
mance ¢ | ¥-tx 108 fmance, ¢ | e-1x 108 Jmane ¢ | e-tx 106 Brance € [ r-Vx 10é
120-200 6.3 70-600 1.2 70=1000 | 7.8 700200 | 8.1
[10-400 (] 19-800 1.5 -
HEA
TMENT
- gL ®
ROPERT\! [
REFERENCE | Timken Data Sheet, G 1 Electric Company il
MAYERIAL T NUMBER
REMARKS  Nominal Composition taken from DMIC Memo 42. ) ran Allpy HEA
cr si_ | Mo Fe
CunwcAL
CONPOSITION 3 1,5 | 0.50 ] mal
[ X-
THERMAL CONDUCTIVITY
roru
. [ weaT
(3] ...‘| stunn-1 STV MR-V STU He-1 TREATMENT
Tl'!. n-:' [ ﬂ:r. n—"1 F-1 Tee, "-'31 =1 ":'- "’:"" REFERENCE  U. S. Steel,
1136 | 600 12,94 800 18,22 ¥1000 18,52
400 17,67
] Valoes inh:Fhled from graph,
: 1 1
1 —1 COEFFICIENT OF LINEAR THEREAL EXPANSION
COEFFICIENT OF LIMEAR THERMAL EXPANSION
Teup TP T TENP
2ance, # | #-'x 108 | mance, ¢ | ¥-Vx 108 Jmance ¢ | F-Vx 106 fmanceE, F | BV xa0f
70-200 6.2 76-600 7.0 70-1000 7.7 70-1200] 7.9
l1o-4oo €6 _[70-800 7.4
Tewr _S TENP
#txiof foance r | e-Vx 108 Doance ¢ | p-1x 108 Juance. £ | £-1 x 106

frasce,
400 2,05 800 T, 62 1000 .84 1200
600

L 8,05

ASTA-ASME JOINT COMMITTEE ON EFFECT OF
1,34 900 74 § 1100 1 7.94 TEAPERATURE ON PROPERTIES OF METALS

|———Yajues intcrpolated {rom graph.

| MATERIAL on Alley. HEAT NUMSER
Cr Mo Fe
CUEMICAL man.
ASTA-ASME JOINT COMMITTEE ON EFFECT OF COUPOSITION 0,50 | pai
TENPERATURE ON PROPERTIES OF METALS PER CENT [~ ]
LUATERIAL _ fron Alloy MEAT WUMBER
FORM
ox Si Mo b HEAY
CHEMICAL TREATMENT
COMPOSITION 2 1 0,50 Bat
PER CENT REFERENCE ), 5, Steel,
REMARKS
oMM
HEAT
TREATMENT
APERENCE gy, 5 Steel,
COEFFICIENT OF LINEAR THERMAL EXPANSION
COEFFICIENT OF LINEAR THERMAL EXPANSION
Ll Ve, T TEMP
RANGE, ¢ ] -V x 108 B RaNGE ¢ | 6=V x 108 f rance, r | r-1x 108 {mancE, ¢ | r-!x 106
J9-200 €.1 70-600 6.8 701000 7.3 [ 70-1200 7.4
[7o-400_ 6.4 70-800 7.0
e Tae T TENP \
sance, ¢ | e-tx10f | mance P | F=Vx 108 Jnance, ¢ | p-Vx10f Jrance £ | p-tx 10t
L 20-200 6.3 70-600 | 7.2 70-1000 | 1,8 70-1200] 8.1
[ zo-400 | 6.8 70-86 LS
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ASTA-ASME JOMT COMMITTE
TEAPERATURE ON PROPERTIES OF METALS

€ 0N EPFECT OF

®

HEAT WNUMBER

It
jdc6 1 0,50 1 0,301 Bal

L

TREATMENT

U, S, Steel,

COEFPICIENT OF LINEAR THERMAL EXPANSION

TEP

T0P T
eance ¢ [PV x 006 Qaamce, r | p-txaf Fmance # [ o=V x 108 [mance r | e-Vx s
= 6.1 20-6G0 6.8 20-1000% 7.3 ~1200 2.4
fi.4 20-800 1 2.0

ASTI-ASAE JOIMT COMMTTEE OM EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

HEAT NUMBER
Mo K
CuaCAL £
cowosmon | 5 |15 loso ] pat
rer et
i
TesATMENT

COEFFICIENT OF LMEAR THERMAL EXPANSION

T, TEuP TR, TEwP
e, P Fe-txeh Poance v | r-1x 108 fuance, ¢ | e-tx1of [rance v | r-'x wf
70-200 [ m 6 £.8 10-1000 2.3 70-1200 2.4
W 70-800 1.0
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TESPERATURE ON PROPERTIES OF METALS
1ron Alloy--Thermold A HEAT WNUMBER
r | Mo | si Yy | Mp Pol Fe
COMPOSITION 5.0 1.40] 1.0 0,45 10,4 0,351 Bal
rER CENT
 pORM
HEATY
TREATMENT
REFEREMCE  Universal Cyclops Steel Corporation,

COEFFICENT OF LINEAR THERNAL EXPANSION

THS

masce, e | e-tx 108 } mance ¢
100-800 | & 68

e
12w fmance ¢

r-1x 106 A rance ¢

TEMP

lxw
100-1000 f .90 106-1200 | 7,11
DENIITY
™e, ey e, (Y- =S, [Ty TO®, [T Y-]
] ANt [ -1 [ J -1 [ [ d)
|_Reom 0. 282
ta assumed to be at room yc.nperatyre
I 1 ] i ] | | 1
1 I i H I 1 1
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ASTI-ASAE JOINT COMMITTEE ON EPFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
 MATERIAL 1ran Al Th id 1 NEAT WUMBER
Cr Ni Mo v Si c Mn Fe
CmacAL
cowoumon | 5.0 | 1,5l el 0] s0losol oel pat
T E—
res conv
PORM
NEAT
TREATWENT
SEFERENCE Universal Cyclops Steel Corporation,
EENARKS

COEFPFICIENT OF LBEAR THERMAL EXPANSION

e o TH, TOe
lassce, e | r-x108 [ mance, £ | r-tx b Juance, v | r-1xwh Foance. v [ r-ixwé
 100-800 | 6,65 ] 100-1000] & .88

100-1200] 7,06

™, [ 1< oy, uo TR, tscu B, uo
'] =1 [] [ 4 [ ’ -1
Room 0,281
Dats pasumed to be at room l:mz#rls!re.
ASTA-ASKE JOINT COMMTYEE ON EFFECT @
TVEAPERATURE ON PROPERTIES OF IETMJ
MATERIAL 1ron Alloy-«Sparta MEAT NUMSER
Cr Mo [} Mn i St Fe
COMPOSITION 5.25 | 1.1 1.0 0.6 0,251 0,2 Bal
PER CENT
| FORM
MEAT
TREATMENT

REFERDNCE  Universal Cyclops Steel Corporation.

Taee, L o TENP , (L ¥ ) TR,

(L X~ ", ua
] [l ¥ [ i) [ -1 ¥ -1
Room 0,283
Data assumed to be at roomn temperature,

COEFFICIENT OF LINEAR THERMAL EXPANSION

o o e
jeance e |e-txod Fuance e | eV x 108 Irance r [e-Vx1of [rance k| r-ixuf
1200-500 | 592 - 229 Jzoc-toce| 7. 76 _Jz00-1200) 7.9l




CARBON STEELS

adpO0aed>OO

Ploin corbon steel!, D.5.1

Pioin corbon stesl, D.S.2
Ploin corbon steel,D.5.3
Plain corbon stes! 0.5.4
1010 Stee!,0.5.5

1010 Stest, D.5.7

1020 Stesl, 0S. 14

1095 Stes!,D.5.26

Bt 't
]

1020

4
3
! v
(J
-400 1] 400 800 200 1600 2000
Temperoturs, F
THERMAL CONDUCTIVITY OF CARBON STEELS
07
0 1010 Steet , S 5
% Mild Stesl , .S 10 1
os {
(-1}
(.2}
o3 O
A
02 A &u
A
XX X
_‘F*D*"" Carbon stee!
(] F
(]
~400 [ 400 800 200 e o] 2000
Temperature , F

SPECIFIC HEAT OF CARBON STEELS
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40
® Corbon steel, 0.5.i5
@ Corbon steel, D.S.16
X Carbon stesl,0.5.20
® Carbon stesl,0.5.21
© Carbon steel,D.5.22
& Corbon stee), 0.5.23
8- Vv Corbon steel,0.S. 24
ry | D Corbon steel,0.S.25
a 4 Carbon steel, 05,27
P
SN P
K, x 1V
f ] x P
. 20
g ‘L\\ ~—Do
[ o [ Y
| - %
) ~S -
4 -
a
0
° 400 200 1200 1600 2000 2400
Ternperoture, F
THERMAL CONDUCTIVITY OF CARBON STEELS
w
AV 10I0 Steel, D.S. Tond 8
X Mild Steel, DS, 10
"o
20 Ff
00 ;
1.4
; /
goo
3
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© /
" Yy
20
o( 400 800 200 600 2000 2400
Tempersture F

ELECTRICAL RESISTIVITY OF CARBON STEELS



ASTH-ASEE JOINT COMMITTEE EFFECT OF
YEAPERATURE ON PROPERTIES OF METALS
| MAYERIAL Plain Carbon Steel HEAT NUMBER
i c P Mn s rc
CubiCAL -
COMPOMTION 0, 028 0.02 0,011 | Bal
—
PR CEWY
| poRs
MEAT
TREATMERT Anncal 900 C, N
Silverman, L., "Thermal Conductivity Data Presented for Various
REPERENCE  yoials and Alloys Up to 500 C*", Journal of Metals, $ {(May, 1953)
p. 638,
THERRAL CONDUCTIVITY
stv -1 sty m-1 sTum-1 BTU -1
e, |rr-2p0 | rewe, |Fr-2e-1] T, {r-de-) e, | Fr=2p-l
|4 " [ 4 " L4 Lad r (44
150 39,0 Of 3.2 1200 20,6 1600 13,3
200 31,1 800 7.6 1400 16.9 1650 12.7
400 a1 1000 1 24,0

Values interpolated from graph,

MATERIAL Plain Carbon Steel NEAT NUMBER
Cu S Mn c Ni Fe
CEMCAL
3 A 0,028 | 0,024§ Bal
w 0.067 ]0.039 ] 0,035
::‘m Hot volled,
Armstrong, L. D, and Dauphine, T. M., "The Thermal
REFERBNCE  Conductivity of Metals at High Temperatures, Part I,
D iption of App and on Iroa”, Canadian
l of R h, 25 { , 1947) p, 357,

THERRAL CONDUCTIVITY

STV -t sTum-1 aTe -1 TU Im-1
o, [F-2e-1] tew, |ev-2e-) | ovEee, [eT-22-0 | TR, | PT-2P-)
[ (a4 [ T [ o [ L4l
43.3 400 35.7 8 1200 211 1450 18,5
200 _} 40,2 _} 800 27,7
Values inte. ated from graph,
ASTA-ASHE JOINT COMMITYEE OM EFFECT OF @

TEMPERATURE ON PROPERTIES OF AETALS

Plain Carbon Stee! HEAT WMSER
§ P [+ S K¢
CHEMICAL. = Mo
COMPOSTION 0,265 10,136 10,046 | ©.04 }0,025] Ba
e

proany Ea _J
| ROty
REATY Hof
TREATUENT t rolled,

hel S« M., "Th ! Cond ity of Some Irons and Steels

SEPERENCE Over the ‘Temperature Range 100-500 C*, N.B.S, Journal of
Research, 12 (1934) p, 44}

THERMAL CONDUCTIVITY

oTY Im-? 87U kr-1 27U K- STU hm-1
TO®, [rr-2¢-1] TEWP, [PY-2F-1f TEMP, JPr-2¢-1 | TEWP, [FV-2F-1
[] (ad [ T [ [l [ (i
200 34,5 -1 o0 27,0 ROQ 25,1 950 23,0
400 A2
——YXalye cxeelased [yom gaaphy
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ASTI-ASEE JOINT COMMTYEE ON EFFECT OF @
TENPERATURE OM PROPERTIES OF METALS
Plaio mﬁ"" NUAY WUMSER
Mo | ce | c | ] ael s IMo] celo p
9,381 19,08 10,06 jo,055 [0,039]0,035 jo,03 lo,022 10,017

LMATERIAL ]
[- -~ "TONE
COouPOSITION
rer oMY

Si. Al Fe

0,01 10,001 Bal

eAiTumsy Asneal 930 C.

Towell, R. W., "The Physical Properties of a Series of Steels,
REPEREMCE  section 111d, Notes on the Estimation of Thermal Conductivity of
Steela™, Jouranal of the Iron and Steel Inst, , 154 (1945} p. 116,

THERMAL CONDUCTIVITY

STU M-V sTUm-1] stume-1 aTY HR-1
Tewr, |rr-2p-1 ] tewe, [ev-2e-) ] Tewp, |FT-28-1 ) TEMP, (PT-2p-)
[ (4] [] T [ [a] [ i
|68 37,3 800 25,6 1560 15,0 1800 15,9
200 | 0 19,8 1562 15,6 2150 17,0
400 31,9
Valyges jate: ed | RDe.
‘ I il 1 1
ASTE-ASHE JODIT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF
MATERIAL ron All 1010 HEAT NUMBER
Mn s c P Fe
0:42 10,028} 0,10 10,008 1 Bal
e CoWT
£33
TREATMENT
Lucks, C, F. and Deem, H. W., "Thermal Properties of
REFERENCE  hirteen Metals®, ASTM Special Tachnical Publication No, 227,
THEREAL CONDUCTIVITY
oTE -t oTY ;-1 sTuHR-1 BTY -1
Yoe, |er-2e-1 ) Yo, |PY-2F-1 ] tEwP, |PT-2f-1 ) TEMP, |PT-2p-)
[ T [4 T [ L4 [ T
=250 42,2+ J 400 3.8 1300 18,7 1415 16,7
-200 41,4 £00 28,8 1350 18,0 1525 16,2
=100 39,8 800 25.8 1 17.4 1560 16.0
68 31,1 100 22.8 1420 17.2 1450 15.5
200 1 35.0 11200 20.0
* Extrapolated,
| I ] L { I I
COEFFICIENT OF LIMEAR THERMAL EXPANSION
O ™ O TEMP
pance ¢ JF-Vx1of Foance v ! rYx10f Doance ¢ | r-tx10f foance £ i r-Tx1ef
€8-{-250)} 5,42 Y68-400 6,97 _N68-1300 | 6,29 B 68-1475} 2,77
68-{-200)] 5,54 §68-6C0 7,36 J68-1350 | 8,24 Wes-15257 7,42
68-(-100}] S. 86 68=-800 1.74 hR-1400 8,15 A8-1560 .08
68 == 68-1000 | 8.06 JNon-1420 | 8,07 N ga.16
AR-200 £ 55 fR+1200 8.23
SFEQIFIC HEAT
Tar, [stuis-'f Tee, [stu k-1 Tewr, [sTUis-'] TEw, [eTU LB-!
3 r-1 [ [ [ [ = F F-1
[ =250 . 076 400 0,124 ]| 1200 . 190 420 | 0.25
=200 . 081600 0,132 1] 1300 , 208 475 10.20
=100 L,090 J 800 0,148 11350 , 296 525 10,22
68 g.102 J11000 0,166 [1 1400 0,650 1560 10,263 |
200, 0112




sesny
e, Lecy oL, sy e, Lecy e, Lscy ™e, (LY. 1] e, (Y. 7} O, (CY-1] =, (8 Y-1]
r ) [ [ 4 [ L [ 3 PR ¢ ) 3 -1 [3 [*X]
=250 0, 2851 1 400 0. 2818 1300 0, 2752 1475 0,2748 Roam | 0.233
200 0, 2850 1600 1350 92,2750 1525 0, 2747
2100 890 0.2788 1400 0.2749 1560 0. 2747 d g0 he at room
&8 0.2639 I 1000 0.2174 1420 02749 1650 0,2748 I 1 1 | T T T
200 0, 2831 1200 0, 2759
i ermal=expansion dats and 4 0{ 0.2840 ]
tbin-3 at 32°F
1 | | 1 1 I
ASTI-ASHE JOINT COMMITTEE ON EFPECT OF
TEAPERATURE ON PROPERTIES OF METALS
DIFFUSIVITY
—
MATERIAL Lron_Alloy--AIST 1010 HEAT WUMBER
Mn Si c S P Fe
Pl ey “rmall o ] "6 lem wen o
- L4 L] Ld Ll Ll courounion | 42 Jo0 Jo o8 ]oo03 Joor
=250 1.13 400 0,5 1300 0,19 1475 0,17 PER CHHY [l - et
_,;_m'__ 1. 07 500 0. ¢ 1350 013 1328 019
~100 0,90 800 0,3 1400 0.06 1560 0,12
8 Q.74 1000 0,2 14, g.14 1650 o=
200 0,64 1200 0.22
‘Mmt -
TeeATMmy Aonealed at 600 C in N atm. Test run o N) atm. at 10 prig,
Raexer, Spencer D, , "Thermal and Electrical Conductivities of
REPEARMCE  AISI C-1010 Steel in the Ranges From 25 to 800 C*, Institute
JOINT CORMITTEE SFECT Research, Lehigh University, Bethlzhem, Pa, , Techaical
%m on mg; mu? @ Report 1, p. 48; As found in WADC Technical Report 38-476,
“Th:rmophysical Properties of Solid Materials",
MATERIAL Low Carbon Steelae €10} HEAT MNUMBER
S b d Fe
m MaX, max,
CONDUCTIVITY
COMPORITION 0.50 | 0,40 2l THERNAL
PER CENY .
- sTU |-t sTu R~ aTu MR-V sTu -t
Ter, |pr-2e-t | Tewe, [rr-2e-1 ] tewe, fPv-2r-) | TR, | PTe2p-t
uu% Annealing temperature: 1650-1750 F; Hardening temperature: ._L L Ld " Ld " r L4
TREATMENT 16501700 F - water quenched; Tempering temperature; 300+1350 F 80 38.2 440 34,6 . 800 3.9 1160
260 1 36,5 3 620 } 32,9 2890, 8.8 1 1350 24.2
REPFERENCE  “Matcrials in Design Engineering®, Materials Selector, edited
by H. R. Clauser, Vol 48, No, 5 (October, 1958) p, 38,
ELECTRICAL RESISTIVITY
THERMAL CONDUCTIVITY
Tewr, {wcnoms | venr, |acmome § TewP, |ecroms | TEMP, | ecRoWs
. . . [ [ [ o [ [ 4 L
sTU -1 STU KR~ aTU MR- STU M~
rae, |rr2e1 ] vee, Jer-2e-t | vee, Jer2ea | e, |er-2ea 80 14 620 37 380 0 1340 24
[ (4] r (i [] ” ] FT 260} 20 1 800 1 48 4 Al60 18 1520 114
212 27 —— 28
COEFFICEENT OF LINEAR THERMAL EXPANSION
ASTR-ASBE JOINT COMMITTEE OM EPFECT OF (:’
TEAPERATURE ON PROPERTIES OF AETALS
The The TeuP | T MATERIAL ___ lron Alloy--AlS] 1010 HEAT NUMBER
RANGE, [ r-x 1ol D mance ¢ | r-Tx 108 Bmance ¢ | r-Vx 108 Jrance, ¢ | £t x 108
70-120 8,4 c Mn P S Ee
CHEMICAL 0, 08- | 0, 30~ | max. |max,
cowrosmow | 0,33 10,60 10,0501.0,040 L Bal
PER CENT
SPECIFIC HEAT
| PORM -
Sawyer, Raymond B., "The Investigation of Thermal and
Electrical Properties of Metals at High Temperatures”, Institute
y of Research, Lehigh University, Bethlehem, Pa., p, 38; As
1ar, [stuls-1l e, [sTULs-I|l Tewe, [eTU LB-1] TEMP, [sTU Le-t RRPERENCE found in WADC Technical Report 56-476," Thermophysical
l!p: 5 1:-1‘) T L3 -1 Ld L) 4 Lnt) Properties of Solid Materiala',
im e =V
1 i REMARKS Nominal Composition taken from ASM Metals Handbook, 1948,
Data assumed to be at room temperature,
1 I | I 1 |
ELECTRICAL RESISTIVITY ELECTRICAL RESHSTIVITY
vowr, foscwonw | vewr, Jicroms | vewr, |icmoms § Tewe, | socroms T, | mczoms § TENF, |mcmOms | TEMP, | MICROWM. “I‘,‘" et
L4 -] ’ =) ’ [-4] L4 [-" ¥ O [=] ’ -]
[ T4.3 80 14 620 31 980 60 1340 94
260 1 20 _ % AQO 48 Lih0 26 1520 114
440 28

53



ASTI-ASHE JOWT COMAITTEE ON EPPECT OF @ B.ANME JONT COMMITTEE ON EFPECT OF @
TEAPERATURE O PROPERTIES OF METALY ‘rwmmurmuwmm
ATERIAL 1ron Au?--su:_]_q!o REAY WUMBER MATE ee] NEAT JmaistR
Mz, 31 G S ) X M (v S P. F
CHEMICAL. = Cvsacal, 0. ;:. 0. 13- | max, | max, =
CPONTION 242 0.19 § O 2.025.1.0. 022 Dal. COMPOMTION 0, 60 0,18 | 0,050]0, 040 Bal
PR CINT Al PeR CENT ekl ————

m Pasic_open hearth,

TREATMENT Asscaled from 1600 F.

Anncaling temperature: 1850-1750 F; Hardening temperature:

TREATMENT  1430-1700 F - water quenched; Tempering temperature: 300-1350 F,
"Materials in Design Engineering”, Materials Selector, edited by
BSPERSNCE  Bethlehem Steel Company, REPEREMCE ) " Clauser, Vol 48, No. § (October 1958) p. 38,
st BHN-111,
THERMAL CONDUCTIVITY
SAGNETIC PEREEABILITY
TV -t sTU -1 BTV MR-) STY -1
e, [er-2r-t ] Yo, Jrr-28-1) Yewe, |Fv-2r-1 ] TEMR, [FT2E
] (Al . [l ’ e [ "
Z12 27
wme, Jeome | e, | rema T, | renne. | Tewe, | remve.
" ABRITY ] ABRLITY [] ASRITY 3 AMLITY
13810
COEFFICIENT OF LINEAR THERMAL EXPANSION
ASTI-ASHE JODIT COMAITTEE ON EFFECT OF
TR TENP Ter O
TENPERATURE ON PROPERTIES OF KETALS #1108 Foance, ¥ | p~tx 108 JRanceE, ¢ [ F~Tx 106 Fuance P [ r~1x 1
| RANGE, | RANGE
021200 | 8,4
(WAVERIAL ___ afild Steel WEAT WAMER —
Ma| s c Ni cr | Fe
CIaCAL B
COMPORITION 0,61 ) 0,20 ] 0,13 0.12 ] 0.01] Bal
rer CoY - — SPECIFIC HEAY
sy e, |stwis-1} Taee, [swas)]l vewe, loto e-1] TR, leTw Leo
JREATMENT v’ =1 [ pel ¢ r-1 v v
KEPERDICE Pallister, P, R., “Specific Heat and Resistivity of Mild Steel”, Room _10,10-0.11
Journal of the Iron and Steel Institate, Vol 185, pp. 474, Data assumed
I h i 1l 1 1 i
[ %)
ELECTRICAL RESISTIVITY
SPECIFIC MEATY
teur, |[mcwoms | veme, [wcmows | Tewe, |wacworms | vewe, |wcroms
r o ’ o ’ [ ’ o
[ 3.3
Tor, [svwwis-1] vae, [sTuis-iff e, [sru e-1] Toe, |{sTu Le-t
] -1 r () ’ [ ) ’ () DERSITY
32 , 104 0,133 H_11)2 0,181 I 1472 0.200
68 A8 202 0,196 U 1544 0,188,
122 . 111 0, 143 292 0,216 § 1594 0,183
212 ;: 4 g. :; 364 0,242 | 1663 0,158
302 3 1742 0152 "
ez | 1922 o168 11 1436 n.2is | 1az2 0158 oL, ‘;ﬁ“ “:" ';:_'i" “:’ ‘;:.:1" “r' i
482 0,129
: L Room ] 0,283
“'“omel‘i&*ﬁ- Data assumed to be at room te; rature,
I I I i 1 1 | 1
1 1
)| 1
ELECTRICAL RESSTIVITY
e T aC
TEMPERATURE ON PROPENTIES OF METALS
e, [wmows [ voew, [wcaome | Tewe, {wcmowse | Tewe, [ wcmom
] ™ [ o 28 o ] o MATERIAL __ Low Carbon Steel WEAT_WUMBER
32 6 572 38.2 11z 74,2 1472 110
[ 3,3 (153 43,0 302 52,2 i54a 1113 Mo L C - P_t Je
122 9 752 1 48,2 292 91,0 1594 1153 CHBMCAL 0,60~ 10,15~ | max. | max.
212 22,6 842 4,1 1364 99,4 1663 T CoMPONTION 10,90 10,20 10,000 00040 LRal,
302 26,0 {932 0,3 1405 | 104,3 1742, 117,8 rer caet
392 29,6 1022 67,1 1436 [ 107.3 1832 119, 4
482 33.7
Method: Voltage Drop. HEAT Annealing temperature: 16501750 F; Hardening temperature:
- TREATMENY  1450-1700 F - wate i -,
RAFERENCE "Materisls in Design Engineering®, Materials Selector, edited by
H. R. Clauser, Vol 48, No. 5 {October, 1958} p. 38,
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sTuse-t oty me-1 stV -t sTU -
e, [rrir-t ) v, (rrde-l] e, [rr3e- | otee, [er-2ee we, |wmom | e, [weeom | e, Jwcroms | e, | wcom
L4 L ¥ Lid [] re 3 - [ ] r (-] [ [~} [ -]
Fi] 18,3

COEFFICIENT OF LIMEAR THERMAL EXPANSION

™e, ll? The sy oe, (1 1-] e, | .LeCY

"= [4 [l (4 [ = [ [ i
[ _Room 1 0,283
(4 l::‘c‘: Flr-Vxws Inte, 1316 Hevd 1 Da ed to be
i RANGE, £ 1 P-'X - ta assumed to at m temperature,
70-1200 e AcLe i L1 —ntatpeumed to pe ot Soour ISmperays 1 1 1

SPECIFIC MEAT ASTI-ASHE JOMT COMMTTEE ON EFPECY OF @
TEAPERATURE ON PROPERTIES OR METALS
MATERIAL Jien Alloy=-SAF 1020 - HEAT NUMBER
Tar, |jewis-1) vee, lstvis-1]] vewr, [stuis-1f vewe. ety 1set
L] -1 [ [ ) [ [ X} [ -1 Mn [+] St Fe
0,10-0,1} CHEMICAL — "

COMPOSITION 0,33 &&mﬂ

Data assumed to be at room temperature PER CENT
I | I I 1 1 |

TREATMENT

Powers, R. W,, Ziegler, J. B, and Johnston, H. L., TR 264-6,
SEFERENCE  Cyrogenic Laboratory, Ohio 5tate University, 1?7 (1951); Ae found

'?' .q:‘ ":" < b -T:u ":. ’ *z‘ in "A Compendium of the Properties of Materials at Low
o 4 Temperatures, Phase I, Part II, edited by Victor I, Jehllol.
— 14.3 N.B.S. Cryogenic Enginearing Lab v,
_{December, 1959),
DENSITY

™e, oy B, [E 1) TR, sy TEW, wscu
2 \] [ [ ] -1 [ [
. Room 10,28) stum-? STU -1 TV Mm-? STU Mm-1
e, {rrat] e, |rr-zea ] oo, jrtdet ] tee, |rr-2et
Data assumed to be at room temperature, [ ] (43 ? (44 L] 143 F T
1 1 1 1 a3 L9 2 13 36,6 | =136 | 3.6 | =10 3.8
-406 18.8 -316 34,1 =100 37.6 80 37.0
ASTI-ASAE JOINT COMMITTEE ON EFFECT OF - 399} =280 | y
TENPERATURE ON PROPERTIES OF METALS
ASTI-ASME JOINT COMMITTEE ON EFPECT OF (::)
(ATERIAL __fow Cazbon Steel HEAT mdts TEXPERATURE ON PROPERTIES OF METALS
Mn C -3 P Fe
OmMeCM. [0, 30-[0.18- | max, | max. WEAT WUWRER
COMPOSITION ;,_q;_o___q,_u__q.mo,uo | pal on Alley
Fer cent -
. Mn c Si Cu Cr Ni S P [
CNEMICAL
CONPOSITION 1,51 0,23 | 0,12 {0,105 | 0,06 | 0.04 | 0,038 {0,037 | 0,033
PORM PER CENT
WEATY Anncaling temperature: 1650-1750 F; Hardening temperature: ;——-m—o—e-l— Fe
- - N i . -
TREATUENT 1400 16.75 F watey ggem:hed,‘ Iemgeru_‘g-geu‘:ume, lﬂ. 1350 F. 0,025 |0,015 | Bat
"Materials in Design Engincering”, Materials Selector, edited by FORM. .
H. R, Clausezr, Vol 48, No. 5 (October, 1958), p, 38, 73

Taganany Anneal 860 C,

Powell, R. W., “The Physical Properties of a Series of Steels,
REFERENCE g, tion 111d, Notes on the Estimation of Thermal Conductivity of

Stee .Tourul of the Iron and Steel Inst, , 154 (1946) p. 116,
COEFFICIENT ANSION
OF LIMEAR THEREAL EXP. o
™ He Tewr TO»
mance ¢ 1 e-Vxreb Joance r §r-txaof Fuance r | e-tx b foance e | r-Txwé THERMAL COMDUCTIVITY
2.4
BTU 4at-? sTu -t BTV ;-1 T .-l
tow, ]rr-dp-1 | o, |py-2e-t ] TP, |Fr-2eet ] Tmee, | FY-2p-l
’ [ad ] e [ T [ lad
CIFIC HEAT
e [) 26, €00 24,4 1200 19,8 1600 2
200 26, 6 800 22,8 1400 16,2 1800 .8
25 1000 20.9 1500 15.1 2150

Values inte ated from graph,

e, '.Wl.‘l-‘ e, mn.‘t-l e, |sTuLs-t] Tue, [5w et
v [

[ [ . #-1 [ [

Room 10.10-0,11

Data assumed to be at room temperature,
I T 1

1 N I |

—
-
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ASTE-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE O

ON PROPERTIES OF METALS

!

teel MEAT NUBER

Cu $i Ni As_ P s At
COMPOLITION 0,33 1011 j0 074 5 gn 0,034 100 0.0}
PSR CENT =

Cr Fe
Trace] 1

et

YREATMENY Asnesl 930 C,

Powell, R. W., "The Physical Properties of a Sexies of Steels,
REPERENCE Section 1114, Notes on the Estimation of Thermal Conductivity of
Steels”, Journal of the Iron and Steel Inst. , 154 {1946) p. 116,

THERAAL CONDUCTIVITY

sTu m-) sTU MR-V STV MR- sTU ;-1
o, [er-de-t] tEae, [er-2p-t | TR, |PT-2F-1] TRMP, |[FT20-0
[] 4 [ T [ [ [ (4]
68 1 Jo,0 Y 400 | 281 3 1200 19.5 1800 15.2
200 29,4 800 24,2 1580 14,5 2150 1.1
.__bhfu[ lated {rom graph.
A § | | 1 | |
ASTI-ASAE JOIMT COMMYTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF RETALS
MATERIAL Low gnFa Steel HEAT WUMBER
Mz [ S ) d Fe
CHBCAL 0. :0- 0,22- | max, | max, | X
COMPOSITI0N _0‘_2-_2.2_!_ 0, 050 |0, 040
R ceny
| FORM. - -
NEAT Annealing temperature: 1600-1700 F; Hardening temperature: 1600~

TREATMENT 1675 F - oil quenched; Te ring temperature: 300-1350

sEreRENCE “Materials in Design Engineering™, Materials Selector, edited by
H. R. Clanser, Vol 48, No, 5 (October, 1958) p. 38,

REMARKS
THERMAL CONDUCTIVITY
ATy im-1 7Y -1 ATy im-t sTU m-1
Tar, |Frar1 ] Re, [r2r1 ] Tee, (R ] oyee, (er-deel
’ [l 3 [ 4 (Al 2 [
212 21
COEFFICIENT OF LINEAR THERMAL EXPANSION
e Tenr Tip Teur
e |e-txach Ymance x| r-txvoh Foance r | r-Yx vl Fuance v | iz wt

e, sTuLe-1] Tewe, [eTV Lp-t) Toe,
[ -1 [ r=1 [}
0.39-0.11

7Y Ly-t
(=)

Data assumed to be at room temperatyre,
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ELECTRICAL RESESTIVITY

™, CROW. TR, WICROW. e, CROW. TP, WICROWM-

F 4 L (=] L4 (-] [ 4 (-]
68 14,3

OENSITY

TEuP [E R} TEMP , (¢ X~} TEWP s cy TR, [N J=T)

j ] 1 [ [l [ m-1 [ =1
Reom .28 PR

Data assumed to be at room temperature,
I | I 1 i 1

ASTR-ASAE JOINT COMMITYEE ON EFFECT OF

ON PROPERTIES OF RETALS

[MaTEmAL __ Medium Carbon Steel WEAT WBER
- Mn S P Fe
CheascAl 0.60- max, | max,
courosiTion £ 0.90 10,050 [ 0. 0401 Bat
res cany
m' Annealing temperature: 1550-1700 F; Hardening temperature:
TREATMENT  1575.1650 F - oil quenched; Teﬂeris temperature: 300-1350 F.
sgrespicg  "Materials in Design Engi ", ials Sel » edited by
H. R. Clauser, Vol 48, No. L] (Octobu-, 1958} p. 39,
THERRAL CONDUCTIVITY
Ty M-t BTU -1 STU -1 7Y -}
T, [Fr-25-1 | TEWw, {eT2r-i§ vEMP, [fFre2r-1 | YOuP, |FT-2P-1
[ [ [] T [ T r (4
212 27
COEFFICIENT OF LIMEAR THERMAL EXPANSION
L . Tenr TEwP TEMP
| F':X‘# RANGE, ¥ | ¥V x 108 [rance, ¥ | r-1x 1 Juance. v | r-1x 18
SPECIFIC HEAT
e, [stuts-'] o, [t Le-1ll ver, {srUis-1] vewe, [svu Lp-?
F ¥-1 [ [ =] [ [S] [ (&)
|_Rgom 10,10~0,11 .
assumed to be at room temperature,
—= I | 1 I 1 L
ELECTRICAL RESITIVITY
TP, [McRONS | TEMP, (McEOWN | TEWP, |iCROWS | TEMP, | MCROMM
[] [ [] o [ o [ o
|64 19
DENSITY
O, ey e, (LY. Oe, o Toe, | LBow
] [ m=1 ] m-1 F -1
Room .
urned empe: {3
| | I
| i | | | 1 1 i




ASTA-ASAE JOIMT CORMITTEE ON EFFECT OF @
TEUPERATURE ON PROPERTIES OF RETALS
MATERIAL Carbon Steel WIAY WUMSER
Ma | C s P Fe.
CHBNICAL 0,60~ [ 0.32-fmax, |max.
cowrosimon 10 90 1o 38 | o osg
PR CoMT

%

Annealing temp.rature: 1550-1700 F; Hardening temperature:
TREATMENT 1575-1650 F-oail quenched; Tempering temperature: 3001350 F, |
REFERENCE "Matcrials in Design Enginecering'', Materials Selector, edited by

R, Clauser, Vol 48, No. 5§ {October, 1958) p, 39,
REMARKS
THERBAL CONDUCTIVITY
otu -t STU ;-1 YU HR-1 sTu -t
‘vow, |ev-2e-t ] vee, |rv-2r-1] Tewe, |rv-20-0 | rew, [rv-lea
14 LaJ L4 T L4 (4] [ [4J
212 21
COEFFICIENT OF LINEAR THERMAL EXPANSION
T ' e ' TENP ' TEMP '
nANGE ¢ [ F-tx1o8 Dmance ¢ [ eV x 106 Inance & | r-Tx 108 foance & | P-1xwé
70-1200 3.3
DENSITY
e, i8Cu TEMP (8 1-1) TEMP wcy TEMP wcy
[] 1 £ [ ] [ [ -1
Room 0,283
Data assumed to be at room temper: e,
ASTH-ASHE JOINT COMMITTEE OM EFFECT OF
TEAPERATURE OM PROPERTIES OF METALS
MATERIAL Iron Allo HEAT NUMBER
W (- [} 4 G P i S Fe
oupacaL b B
:«um 1,04 {075 Jo,61 |0,35 |0.35 0.22 10,17 0,028 1 Bal

]

TREATMENT Normalize 900 C.

REPERENCE  Over the Temperature Range 100-500 C*, N. B.S. Journal of

Shelton, S. M., "Thermal Conductivity of Some Irons and Steels

escar 1934) p, 441
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THERBAL CONDUCTIVITY

TV ;-1 BTV -1 Tum-t sty m-1
Taw, |rv-2e-1 | Tewe, |ev-2p-1§ TOwe, (pT-2pe1 | TEMP, {ry-2p-t
14 (44 |28 (44 14 7 L4 (44
[ TN 4 FYNCEE AT 20.0 950 19.5
200 Shad §00 L 20,9
Values inte. ated from gra
ASTER-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
(uaTeRMAL _ Plain Carbon Steel HEAT NUMBER
Ma c Cu Si Ni As P S Al
onwotnon [ 0,643 0.415 Jo,12 | 0,11 063 | 0,033]0,031 9,029 'geggg
R CeuY | [ 1 ]
Cr TFe
Trace] Bal

TREATMENY Aunneal 860 C,
Powell, R, W., "The Physical Propertics of a Series of S!e..ll.
SEFERENCE  s.ction 111d, Notes on the Estimation of Thermal Cond y of
toelg®
L]
THERBAL CONDUCTIVITY
oTu - STY HR-V BYU KR~V sTU -1
e, er-2p-1 TRNP , ry-2p-1 TENP , rr=-2r-1 TEMP 7-1p-1
L4 (4] F L4 L4 LA 4 (44
68 30,0 400 FI] 1200 18,6 18900 15.2
[ 2c0 29.2 800 23.6 1580 13,9 2150 16,9
Values interpolated from graph,
o e agmey @
oM OF METALS
WEAT VMBER
Cy c Ni 3 P Cr } _as
Sedé 10,047 1000800 0,04 (0,020

k

| PO
WEAT
TREATMENY Auxncal 930 C,
Powell, R, W, , "The Physical Properties of a Series of suzll.
EEFERENCE  Section 111d, Notes on the Esti of Th 1 Cond y of
Steels”, Jo f the
GRARKS
THERMAL CONDUCTIVITY
Ty Mm-1 STu Hr-1 sTUm-1 BTY M-t
o, jev-2r-t | T, |Fv-2e-8 ] Tewe, [PY-2e-1 | TEMP, |FT-2p-1
L [4J L4 (44 L (44 F T
[] 15,6 600 18.0 1200 16,7 1600 14 .8
200 16,5 800 18,1 1400 15.1 1800 15.2
400 1.4 1000 12,1 1472 14,5 2150 16,8
Yalyes interpolated from graph,




ASTA-ASHE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

HEAY WUMBER

[MATERIAL _ Plain Carbon Steel

G Ma | st} Ni cricu Ax Mo | s

0,80

B Al Fe

A 0!31 OEI) O!lg S 11 196,07 10,021 D!g! 0, 009

0,008 | 0,004 | Bal

£

TREAVMENY Anneal 800C,

[re— Powell, R, W, and Hickman, M, J., "Physical Properties of &

Sezies of Steels, Section 111C, Thermal Conductivity of 3 0, 8%

.- a7V MR-} aTy m-t STU MR-1

FT-2r-V § TEMP, |PT-2¢-1 §F TEWP, |PY-20-)
[ad [ (ad [] [ad [] [ad

TBw,

28,8 800 21,5 1364 3,7 1800 15,0

28,1 1200 18.1 1500 14,0 2150 16.9

Tee,
’
[X]
200
400 26,1 F1346 17,2

Values interpolated fsom graph,
I | i 1 !

.

1 1 1 1 1

ASTA-ASAE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE O PROPERTIES OF METALS

Iron Alloy HEAT MUMBER

c M | si P s

0, 27 9,017 10,015 1 _Bal

LATRLRMLN!

Quench, temper,

hel Se M., “Th 1 Conductivity of Some Irons and Stecls
Over the Temperature Range 100-500 C", N.B,S. Journal of
Research, 12 (1934) p. 441,

CupicaL

s
[
REMARKS

sTum-1
Fr-2g-)
(4]

#70 -1 STV m-1
'ra" . TENP, Fy-2 -1 FT-2p-1

T-2p1
[4 v L 14l r Lad

238
22,0

Yalues interpolated from graph,
I H ' i
1 1 1 i

f00 1 _22.13 )5 932

200
| 100

f—a—]
hasson

NATERIAL Iron Alloy

(o4 P S E.

0.83) 0.27

0,017 ] 0, 035

TREATMENT Anneal 6800C,

Sheltoh, S, M., "Thermal Conductivity of Come irons and Steels
Over the Temperature Range 100500 C¥, N, B.S. Journal of
Research, 12 {1934) p, 441
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THERMAL COMDUCTIVITY

STV -V sty .-t aTU -1 sTV M-}
Tewr, [rv-20-2] tewr, [er-2P-1F tEwP, |Pv-2P-1 }F teme, | PT-20-1
[ (44 r [4] v lad [ "
200 2bd 231.5 AQQ 283 932 Al.3
400 249
Values interpolated from graph,
ASTA-ASME JOINT COMMTVEE OM EFFZCT OF @
TEMPERATURE OM PROPERTIES OF METALS
MATERIAL F_gg Alloy--SAE 1095 HEAY NUMSER ]
< Mo | Fe
CHEMICAL
cowonmion | 0.93 Jo,05 L Bl
PER CRNT

L

TREATMENT
Powers, R, W., Ziegler, J. B, and Johnston, H, L., TR 264-6,
REFEREMCE  Cryogenic Laboratory, Ohio State University, 17 (1951); As found
in "A Compendium of the Propertics of Materials at Low
Temperatures, Phase I" Part II, edited by chtor Jo Johnun,
N.B.S. Cryogenic Engineering Lab Y. ’
{December, 1959).
THERMAL CONDUCTIVITY
BTU Ha-7 Ty -1 oY -t STU -1
Tae;, |rv-20-1 | tewe, |Fv-28-V ] TEwe, [Pr-2p-l § vewe, |PT-20-1
[ Lad r lAd L4 lAd L T
=417 6,25 =352 15.0 196 =100 24,3
-388 10. 4 -316 18.5 =130 22,5 =10 24.8
ASTI-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
| MATERIAL  Plain Carbon Steel HEAT NUMBER
c Mn Si Ni Cr Cu As S Mo |
CWBaCAL
COMPOSITION 1,22 | 0,35 | o,16] 0,13 j0.11 [0 077]0. 025]0,015 | 0,01
PER CENT .
P Al Fe
J0.009 {0.006 | Bal
ror
'::::m Anneal 800 C.
Powell, R, W., "The Physical Properties of a Series of Steels,
REFEREMCE  Section 111d, Notes on the Estimation of Thermal Conductivity of
Steels', Journal of the Iron and Steel Inst. , 154 (1946) p. 116,
REMARKS
THERBAL CORDUCTIVITY
sTU -1 sTU -1 BYU NR-1 STV -1
e, |Fr-2f-1] TEMP, {FT-2P-1) vewe, |[rFr-2p-t | ovewe, | FT-2e-)
r [ad . LA ¥ T ¥ (44
26, 800 21 1472 13,6 1800 14,8
200 25.9 . 1200 18. 1500 13.8 2150 16,3
400 25, 1292 17,
Values interpolated from grapi.




CAST IRON

(NO CURVES ARE SHOWN FOR THESE DATA)

ASTH-ASHE JONT COMMITTEE OM EFFECT OF
TEAPERATURE OM PROPERTIES OF METALS

COEPPICENT OF LINEAR THERSAL EXPANSION

[ MATERIAL _Nodular or Ductile Jron HEAY NUMSER
T.C. ) si Ni Mo | Mn P Mg | Fe
CAmeCAL 3.4- | 2.0+ 3.3 | thax. | 0.02- y
o ™S Teme o TenP
cowroson | 3,8 | 2.75 1 2.5 ] 1.0 | 0.6 | 0.08)0.09 | Bal aancr e Jo-tug fomce s jo-Vxsel Joance v [ r-txwh Jrace v |r-txw
ren CcoNY NN ' 70-400_1 &6
ELECTRICAL RESSTIVITY
‘qugg
TREATIENT
aern s and hods Manuxl No, 120, "Nodular or Ductile Iron™ . o0
by John L, Everhart (October, 1955) p. 123, . m' ’ mu 'll" . mﬂ m' . mu e, mu
REMARES Melting range: 2050-2150 F. 48
] 4 lronm containi iy
1 i 1 | | i 1
THERSAL CONDUCTIVITY oBesITY
[ag b { Lot d TeP, [(Fr-2ee TEwP, | PT-2F
2 LaJ v’ Lad L4 [ [ (a4 THe, u? e, I.IC‘U Tn'! l.ul'_c;ll ﬂ,;!_. l»:‘f!ll
- [ L B .
|_Room | _ 20 = Room | 0,251
Data assumed to be_at room temperature,
i 1 1 1 T ) | )}
ASTI-ASHE JOINTY COMMITYEE ON EFFECT OF (: )
TEAPERATURE OM PROPERTIES OF METALS
COEPPICIENT OF LBIEAR THERMAL EXPANSION
ile Ire HEAT MUMBER
. T,C. St Ni Mo Mn P Mg Fe
CEDacAL 3, 4- | 2.0- 0, 3- | max. [0, 02~
™o TE > = COMPOSITION 2,75 | 2511,0 10,6 §o08]o0r | Ba
1 ) -1 ' bt 2,75 | 0.6 10,08 10,07
P le-lxwh foance e | r-Vx1of mance ¢ | p-Vx 00f Jrance, ¢ | vV x 1f ren CONT =
ELECTRICAL. RESSTIVITY
| PRy
HEAT
ARFERENCE Materials and Methods Manual Ko, 120, "Nodular or Ductile Iron®
Tow, |mceome | rewe, [mceoms [ vewr, |sscmoms | vewe, | scrome by Joba L, Everhart (October, 1955) p, 123,
[ N [] o [ Y] [ [-Y
15 e REMARRS Melting range: 2050-2150 F,
- - -
i I 1 1 1 1 I
DENSITY
COEFFICIENT OF LMMEAR THERBAL EXPANSION
e, [Y1-1] O, wo | e, o Tow, | 18cy
£ el [] e} £ -t r Ll Toe Tewe OO T
j_Room | 0,257 minct | r-tx1b foance e | rix1cf Inance, P [#-tx vt Jaance k| e-tuwt
70-400 6.6
Data assumned to F*y
I | N T 1
ASTM-ASAE JOINT COMMITTEE ON EFFECY OF @
TEWPERATURE Od PROPERTIES OF METALS DENNITY
WATERIAL  Nodular or Ductile Iron WEAT WUMBER
T.G. | Si Ni Ma. X
CMEMCAL 3,3~ |2,0- 0, 2- | 0, 06~ | 0, 02~ e, u? e, uﬁu TR, uc'u ﬂr l-.l._C‘U
cowosumion | 3.8 |30 1,0 |o,5 lo,08 Jo,07 | mat -1 L L3 L
rea o Lt BIIIIH. 0. 251
Data assumed to be at room temperatuie,
lln!
TREATHEWY
REFEREncE Materials and Methods Manual No, 120, "Nodular or Ductile Iron"™ ASTH-ASME JOINT COMMITTEE OM EFFECT OF @
by John L, Everhart (October, 1955) p, 123, TEAPERATURE ON PROPERTIES OF METALS
REMARKS  Melting range: 2050-2150 F, " AT R
LMATERIAL  Nodylar UMBER
2Col si | Ni | Mol Mol p Fe
THERRAL CONDUCTIVITY amaca 3.4~ | 2.0- 0.3- | max, | 0. 02-
cowrosmion | 3,8 | 2,75 | 2,5 ] 1,0 loé Joo08 |o,07 |pat
reR cant
aTu -t sTU Ha-t sTU M-I sTum-1
TO®, |eT-20-1§ vENP, (PY-2F-1f TEMP, |eT-2r-1 ) TEMP, |PT-2pe)
F L L4 T r [ad r (44 PORM
Room 18 NEAT
— TREATMEWT
Data aseumed to at T emperatuye [y Materials and Methods Manual No, 120, “"Nodular or Ductile Iroa®
EMCR by Joha L. Everhart (October, 1955) p. 123,
REMARKS Melting range: 2050-2150 F.,

59




ASTH-ASHE JOINT COWMTYEE ON EFFECT OF ®

COEFFICIENT OF LINEAR THERMAL EXPANSION TEAPERATURE ON PROPERTIES OF METALS
NATERIAN Nodular or Ductile jron NEAT NUMBER
T1.C.] Si Ni M P Mg | F
38 :3 n _‘ e
He Tew Tour Tene cntmcaL .6 5o | ]6.2- [ max.| 0.02-
mance e [r-txigt France, s | et x1of Foance ¢ | p-Tx 1o Huance ¢ | 6=V x 10f cowposition | 3.8 Jeo J1,5 Jo.6 1008} 007 ] Bal
J0-400 b, 6 PER CEMY 1]
PoRM
REAT
TREATMENT

aErsamncg  Materials and Methods Manuat No, 120, "“Nodular or Ductite Iron®
by John L. Everbart (October. 1955} p. 123,

REMARKS Melting range: 2050-21350 F.

™™ wa Jwe, | v | e, | v | Tee, | o
: mt | v w=t ’ =1 [ -1 DENUTY
Room | 0,267

Data a d 1o b at roam
TEW B [T R} TEMP, Lscu TEMP, Lscy
£ ¥ m-t F 1w [ m-1
Room
ASTH-ASME JOINT COMMITYEE ON EFFECT OF @ Y imate pr—
TEMPERATURE ON ‘PROPERTIES OF METALS
1 1 i 1 1 | I |
ot Ductile Lxi HEAT NUMBER
<t ASTR-ASME JOINT COMMITTEE ON EFFECT OF @
| Ni T.C. i < Ma P Fc TEMPERATURE ON PROPERTIES OF METALS
CHEMICAL 0.8- | max.
CONPOSITION -2, 3.0 Ba S 5. 2.2 Bal
R CEnt MATERIAL Gray Cast fron NEAT NUNBER
(4 Si Fe
CHNEMICAL
ORI comrosimon | 3.0 | 1.5 | mal
WEAT ¥R CENT
TREATMENT
REFERENCE Materials and Methods M. 1 No, 120, or Ductile Iron”
by John L. Everhart (October, 195%) p. 123, FORM
= HEAY
REMARKS 1 TREATMENT

REFERENCE  U. S, Steel.

COEFFICIENT OF LINEAR THERMAL EXPANSION
COEFFICIENT OF LINEAR THERMAL EXPANSION

Tor . o ' T . TEWP .
manck, ¢ Jr-txtof France p | eV x 108 Deance, r | r-Vx10b Qrance r | k-Tx1ob o o e ™
0-40 10,4 wance, ¥ | e-1x 108 [ wance ¢ | ¢= x 108 Erance £ | P~ x 108 Hrance. P | #-1x 106
[ 70-200 5.4 76-600 6.4 70-800 6.8 76-10001 7.2
70-400 5.9

ELECTRICAL RESISTIVITY

ASTA-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
Ter, |wczowms | vewe, |[mcwoms | Tewr, ]mcroms | tewe, | wcroms
[ a [J (M [] & [ [ WMATERIAL Cast Iron HEAT WOMBER
35 102
[ Ni St Fe
CHEMICAL
COMPOSITION 3.0 2 1,5 | pat
PER CENT
DENUTY
HEAT
TREATMENY
REFERENCE U, S, Steel
e, 1.1 TEWP wscy | Tew, wcu Tew, | wew
K3 ] 3 [0 £ w-1 L4 -1
l—Reom {0,268

Data assumed to be at room temperature,

COEFFICIENT OF LINEAR THERMAL EXPANSION

e e Tew TENP
pance P | eV o8 Baance r | F-1x108 Qmance ¢ | F-1x 108 Brance r | r-1x108
70-200 5.4 702600 6.4 B 70-800 68 70~1000] 7.2
g ; 90-400 5.9




ASTH-ASHE JOINT COMMITIEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

©

it Lz MEAY NUMBER

PRR CanT

NEAY
TREATMENT Polished Metallic Surface,

KgresEnce Levy, A,, "Mectals for Short Time Scrvice a? High Temperatares;
Materisls and Methods Masnual No, 1S, (April, 1955),
ARMARKY
EMISSIVITY
", TOTAL TAMEF TOTAL TEMP TOTAL Toe, TOTAL
[ MORMAL [ 3 NORMAL 3 WORyAL |
0,21
Assumed to be total emmissivity.
I I | I | |
1  § I 1 1 1 1
ASTI-ASHE JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL Cast n HEAT NUMBER
CHRMICAL
COMPOSITION
FER CBMY
HEAT
TREATMENT Newly turned; Metallic Surface,
REFERENCE Levy, A,, "Mctals for Short Time Service at High Temperatures’}
Materials and Methods Manual No, 115, {April, 1955),
REMARYS
EMRSIVITY
™me, TOTAL Tewr, TOTAL O, TOTAL TRNr, TOTAL
| 3 WORMAL ¥ WORMAL Ld NORMAL L NORMAL
12 L.435
Assumed to be total emmissivity,
ASTR-ASME JOINT COMMITTEE OM EFFECT OF @
TENPERATURE OM PROPERTIES OF METALS
MATERIAL Cagt Iron HEAT MUMBER
COMPOSITION
FER CaMT
| FORM .
HEAT

TREATMENY  Lathe turned; Metallic Surface,

REPERENCE Levy, A,, "Metals for Short Time Service at High Temperatures')

Materials and Mcthods Masual No, 115, (April, 1955},
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e, | voraw | tue, | vorar | v, | vorar | vewe, | tora
] woru | ¢ oy, | v " lnomas | v sosuAL |
1620-1812.60-0.7
gsumed to be total emmissivil

ASTM-ASHE JOINT COMMITTEE OM EFFECT OF @
TESPERATURE ON PROPERTIES OF METALS

MWATERIAL ot lro WEAT_WUMBER

CHBECAL

CONPOSTION

PEx cent

L FORI4

HEAT
TREATMENT Rough, Strongly Oxidized Surface,

nerEmancE  Levy, Ao, "Metals for Short Time Service at High Temperatures'y
Materiale and Methods Manual No, 115, {April, 1955).

RENARKS
EaBvITY
THe TOTAL e, TOTAL TTONP TOVAL TENP, TOTAL
’ e " fwomans | ¢ " Jeomaar § ¢ | vomual ]
(100-489 | ©.95
|____Assumed 1o be total emissivity
ASTS-ASAE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL Cast Iron HEAT NUMBER
CHEMICAL
COUPOTITION
PER CENT
WEAT

TREATMENT Surface Oxidized at 1100 F,

agrEasncE 14V, Ao, "Metals for Short Tirle Service at High Temperatures')
Materials and Methods Marual No, 115, {(April, 1955},
REMARKS
EMSSIVITY
TP, TOTAL ™, TOTAL TP, TOTAL TEMP, YOVAL
14 WORWAL L L] MORMAL 2 NORMAL |
A d ta be total cnmisaivity,




CHROMIUM-NICKEL STAINLESS STEELS
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COEPFICIENT OF LIMEAR THERMAL EXPANSION
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS

02 Stainless Steel MEAY MUMBER e Tenr Toe
Fe Ni se | si N; e inance, P | #-Vx 108 Juance ¢ | -V x 108 i mance, ¢ =V x 108 Jrance v | r—"x 18

CHBSCAL AT N A Y T TR [ 100-500 3.6 10010001 10,4 WICO-1600] 11.0

:mfnl 19, 0 L0 j10,0 11,00 1,00 }0,15 I\= lcthod: absolute method . Leitz dilatometer; heating rate 5,0° or 5, 6°F per minute,]

L PORM,

MEAT

== . ASTI-ASME JOINT COMMITTEE ON EFFECT OF @

TENAPERATURE OM PROPERTIES OF METALS

MEPERENCE  Allegheny Ludlum Steel Corporation.

MATERIAL 202 Stainless Steel nuy HUMBER
Cr Mn Ni N2 C Fe
COEFPICIE CHECAL
NT OF LIGEAR THERNAL EXPANSION COMPOSITION 17.61] 9.98 | 4.04 | 0.14 | 0,10 | Bal

PER CENT

TR, T TENP TEMP

ance, ¢ | p-1x106 rance, e | e-Vx1of Juance r | r-Vx 106 Juance v | r-Tx wd HEAT

£8-212 9.4 68-16001 10,9 TREATMENT
REFERENCE  1J, S. Naval Engineering Experiment Station, Annapolis, Maryland,
REMARKS

SPECIFIC HEAT

Towr, [evuis-1f Tewe, [aTU Le-1] Tene, [eTU LB-1] TEMe,

— BAGNETIC PERAEABILITY
4 F-! ¥ [ 3] [ [ [ =1
-
32-212 0.12
(a} (L (<} )
ELECTRICAL CoD (118 rERME. PERME. reput.
RESISTIVITY MERCTION | ABRITY ABRITY ABILITY ABILITY
[ 0% N - 001 —
10% N . 004 . 005 ]
| 20% - a 2 L 028 2038
L13 W17
Tlr, uc:.au n:r mcromd- | TEwP, | mcnots | TEMP, | wicROme. E— L2l
(-} 14 <] [ (=) tal P bility at 0.5 Oersted,
- .0 {b) Permeability at 20, 0 Oersteds,
- | {c} Permeability at 100 Oersteds,
| {c) Permeability at 200 Ocrsteds,
DENSITY
™=, T ASTH-ASUE JOINT COMMITTEE OW EFFECT OF @
3 — il Bl Bkl Bl R TENPERATURE ON PROPERTIES OF METALS
|xeom | 0,28
_!Al!!ML.__Lﬂ.Li\AaLe_LLﬂT!l HEAT NUMBER 25638
Cr M1 Ni C N> Fe
cHEMmCaL
SAGNETIC PERMEABILITY couposrion 117,43 [ 10,121 3,91 [0,097 | 6,17 | Bal
PR CENT
TP, PERNE- TENP, PERME. TEwe, PERME. Tewe, r— ;:ltl Annealed strip, tested after 0, 10, 20, 50% cold reduction,
¥ ABRITY L4 ABILITY F ABILITY [ ABILITY “:'m,"
Room 1,02 max] A N
I Expert Stat A Lis
‘ - I PP T PRTreY) REFERENCE U, S, Naval Engineering Exp polis, Maryland
i | I Il i L 1
REMARKS
ASTA-ASME JOINT COMMITTEE OM EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MAGNETIC PERMEABILITY
MATERIAL 202 Stainless Steel HEAT NUMSER
Cr | Mo | Ni Si N c Fe
COMPOKTION o 4 ll‘ll- n‘.'.'.'.z Pl(:n)ll— r‘!‘n‘ut-
IR Cony d800 0l bl 0:25 10,25 LOLZ L Bal | sucTIan | aswity ABIITY AnLiTy ABLITY
0%, i, = .00 -
10% i, 1,01 1,003 1,002
._20% 1 LGk 1.004 1,007
"ﬂ* : 30% 1, 1, 025 1,026 1,031
:.'.um., Mill Annealed,

I~

} Permeability at 0,5 Oersted,

a
(b) Permeability at 20,0 Oersteds,

REFERENCE  U. S. Naval Engineering Expeziment Station, Annapolis, Maryland, I:’! I:::::::}: ty :: ;gg g::::::;.
1




ASTAASAE JOWT COMMTIEE OM EFFECT OF @

TEAPERATURE OM AETALS
aTERaL 202 Staioless Steel REAT NUMBER 97163
Cr Mn Ni c Nz Fe

CHEMICAL -
cowrourron 117,68 | 9,63 | 4,69 lo,094 ] 026 ] pat
rer Ccewy )
FORM, Annealed strip, tested after 0, 10, 20 and eductiol
MEAT
TREATMENT
REFERDNCE U, S, Naval Engineering Experiment Staticn, Asnapolis, Maryland,

(a) {b) () (d}
CaD PERME. PERME. PERME- PERME.
REILCTION| ABRITY ABILITY ABNLITY ABILITY
% 402 = L GC1 --
10% - 02 1,01 . 002 1, 004
20% L 02 1,01 2 0C4 1,006
0% ¢ 1.02 1,035 L0 1,044

{s) ’emeab\hg at 0, 5 Oersted,

{b) bility at 20, 0 Oersteds,

e

Permeability at 100 Oersteds,

d) Permeability at 200 Oersteds,
| | I 1 1 1 1

ASTALASME JOINT COMMITTEE ON EFFECT OF @
TENPERATURE ON PROPERTIES OF AETALS

8_Dte HEAT WUMBER
Cr N Mn c Fe

CHEMICAL 16,0- | 6.0~ Imax, |0,08-
cowosmon  ne,o I s.0 i2.00 lo20 | mal
PER CENT
MEAY
TREATMENT Hot rolled and annesled = 1 hour at 1900 ¢ water quenched.

Lucks, C; F, and Deem, H, W,, "Thermal Properties of
REFIRENCE » .

Thirteen Metals", ASTM Speci. 'T haical Publication No, 227,

- Jerum-t srum-! sTum-1 sTU -1
o, |Fr2e | oe, |t ] me, v | tae, |Fr2ea
3 " v " 3 T 3 (1]
=250 " 200 9.4 ) 22 1400 14,6
=260 . 400 | 10,4 | Tooo 3.1 1600 15.3
oo N go0__| 115 1200 3.9 1800 1. 0%
|68 N

COEFFICIENT OF LIMEAR THERMAL EXPANSION

e . Tewe 100 O
[mance, v | e-x 108 f mance, # | v-Vx 108 Juance ¢ | e-Tx wf Foance, ¢ | r-1x 108
[68-{-250}} 7,52 § 68-200 9,02 ¢8-8C0_ |'10,10 8-1400 | 10.81
[68-1-200)] 7,72 B 68-400 | 9,37 _Ees-1ccO | 10,40 B68-1600 1 11,04
[68af 2100 2.92 82600 9.79 68=1200 | 10,60 8-1800 8 11, 31+

£4 ==

- T
1 1 I | | 1 1 1
SPECIFIC MEAY

Tee, jeTuLe-1] TEwe, [BTULS-1]| TR, [STU LS-1] TEWP, [STU LO-1
Ld [ 2] [ =1 r [ ¢ r-1
_s250 lopso § 200 0.117 560 0.137 140 0,148
=200 10,086 400 0, 127 1600 €, 140 160 0,154
|_-100 10,096 | 600 0,133 1200 0,143 180 0, 1624
68 16,109
. Toted
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BTy
Tene, [V Y.1] o, [vY-} e, (Y] T, [Ty
[ ! - [ ) r [l [ -l
Q 2885 % 200 | 0.2843 % 800 1 0,2797 0.2741
=200 = [ 0,2832 & 1000 0.2779 16 0.2123
=100 . 287 600 0.2814 § 1200 0,2760 | 1800 | 0,2705+
68 , 285"
¢ extrapolated,
Density calculated from thermal e sion data a: &g
0,2863 1b in=3 at 32 F.
1 M | L 1 1 1 I
OIFFUSIVITY
™, e, O, e,
3 12 -} 3 12 m-1 [ F12 MR-t [ v -1
<250 0,159 200 0,162 500 0,185 § 1400 2.209
Y1 0 1) 0394 L1400 0212
| =100 | | &£00Q 01256 120D 0,203 1800 D.212%
68 0,160
* extrapolated. hd
T_Ll I | 1 1 1
ASYI-A&I! Ml‘l’ COMMTTEE ON EFFECT OF @
O PROPERTIES OF BETALS
MA m% HEAT NUMBER
cr | Ni Mn | si c Fe
OnmmcaL 16,0-§ 6,0~ |max, jmax, | max,
cowrosmion 1 18,0 8.0 12,00 ] J,00l0,15 | Bal
PR CENT
rom
HEAY
TREATMENT
REFERENCE  Allegheny Ludlum Steel Corporation,
REMARKS Melting range: 2550-2590 F,
ST He-7 sTum-1 sTU -t .TU -t
o, |rr-2r1 ]| Tow, |Fr-2e-1f TR, |ev-2p-t | TENP, | FT-2p-0
[ [ad [ (4 [] 4] [ T
212 9.4 93% 12,4
COEFFICIENT OF LDEAR TMERRAL EXPANSION
o o
F-x il Feaxce r | #-1x 108 Jmance, p | 5=V x0ef
11,0
SPECWIC MEAY
Ter, [stuLs-ti{ T, [ature-1] TEwr, [eTU LB-1] TEWP, |BTU LB-t
¥ F-1 F $-1 4 r-1 [ r-1
32212 0,12
ELECTRICAL RESETIVITY
vewr, [wcwoms | Tewr, |wcmows | TR, |wmcnome | TENP, | sucROe
4 o [ Y] r ™ [] [N
AR 12.0 1200 116.0




e, (Y 1-1) ™, (42~ TP, woy TENP, iscy
] -t ] -1 ’ () [ m-1
Raom. 0.29 g
SAGHETIC PERREABILITY
e, reRug TB®, PERME- oW, PERME- THe PERNE.

L4 ABRLITY 14 ABLLITY r ABILITY L4 ABILITY

| Room 1,02
Permeability at Z00 Oerateds, annealed,
Lo
| | |
1 1 1 | 1 ] | 1
ASTA-ASAE JOINT COMMITTEE OM EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
.lmnh___rm.sr laas Stasl WEAT WUugER
Cr < I
CHURMICAL Bt *
COMPOSITION 17,01 7,0 0,11 | Bal
L N-
TREATMENT
*Thermal Conductivity of 14 Metals and Alloys Up to 1100 ¥
sreancs Jerzy K. Evans, Jr., Lewis Flight Propulsion Lab,,
NACA Research Memorandumn RM E50L, March, 1951,

AR Pozosity is 25 per cent,

T -1 TV m-1 aTu M- aTuU m-1
Tor, |ri2ri ] Yoo, [rr-2et | T, |Fr-2e-l | T, |PT-2p-0
[ (4] ] [ad [ (] [ (4]
T L) 4.7 700 5.3 900 5.8
300° 4.1 600 5, 05 800 5.6 1000 6.1
T
ASTIA-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF AETALS
302 Stal, al HEAT NUMBER
Te Cr | N S c P S
CRBSCAL — 1 y
couposmion [ 71.60]18.40] 9. 60 0,130 Jo, 116 |0, 021 f0,013
ren canv
m*
TREATMENT

$lveraan, L., 2 "Thermal Cond

for
SEPERENCE  Varicas Metals and Alloys Up to 900 c'; Janrul of Metals, §

p. 63122,
REMARKS
THERBAL CONDUCTIVITY
STU M-t sTu M-V oTY Mm-1 STU -1
Tar, jetdr-1 | Tee, (rr-2eqi ] Tee, [rY-2p-1 ] TEwe, |Pr-2ea
[ ] [ (4] ¥ (] [ (4]
8t N 620 9 1160 1l 1550 15.0
260 8.0 800 10.9 1340 14.0 1700 16,2
€40 9. . 980 12.1
[-Lest method, comparative; yode,

ASTI-ASHE JOINT COMMTYEE ON EFPECT OF @
TEAPERATURE OM PROPERTIES OF METALS
HEAT MUMBER
Ccr L N4 Ma ]l Si C N Ee
CHEMICAL max, | max.
COMPONTION 17 s 2 | 2z 0,251 Bal
rEr canv
%A!F
TREATMENT
anr Stesl C. y of A
AEMARKS Nominal Composition taken from DMIC Memo 42,
THERMAL CONDUCTIVITY
sTum-Y STV MR-t oTU Ha-1 STU -1
o, |[Fr-2r-t | Yo, |[rr-2e-t ] tEwe, |PY-28-) | TEWP, |PT-2p-1
’ [ad ] [al 3 ad [] T
200 9,33 1000 | 12,50
ASTR-ASAE nlﬂ COIIl‘lTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
[ MATERIAL _ 32) Stainlces Steel HEAT RUMBER
cr 11 Ti c Fe
—— Ni_ 1 Mn ! §i
COMPOSITION 17 [] 2 3 0.4 10,08 | Bal
rER CEINY
i
s and Method No., 115, "Metals for Short Time
REPERDNCE g, vice at High Temperatures') by A. Levy {April, 1955).
REMARKS Nominal Composition taken from DMIC Memo 42,

TV Mm-? STU -1 STU Im-1
e, [er-2p-1 | TR, |ev-2r-1 ] NP, Tewr, |[Pr-2p-1
[ (4] [ [id L4 [ [
200 9.3 1000 __

12,7

COEFFICIENT OF LINEAR THERMAL EXPANSION

T e

g7 | r-Vx10s fmance v | sV 108 [nance ¢ | p-Tx10f Juance v | r-1x 108
32-212 9.3 32-1000] 10,3 | 32-1200 | 10,7 _Q§32-1800 | 11.2
| 32-¢00 19,5

TOw TEwP (L Y- TENP, oy The [E Y-}
r “m;‘? i o] [] [ v ] et
Room 0.29
Daty s d to be at room &




m..n&!mmggu"r!cf” @ ASTA-ASUE JOMT COMMITYEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS

TENPERATURE ON PROPERTIES OF AETALS

MATERIAL __ 321 Stainless Stevl WEAT WAGER 9110 JMATERIAL 18- a9e Ste UEAT WUMSER
; Ni Ma Si |l c Fe pr—— -Cx 3§ _Ni Ma. L 5y 1

m max,

cowrounon | 17 | 9 2 L | oefoos] ma coupoution  1L19,6 17,99 10,28 19,241 Bal

IR CENY s oy
[ -

TREATHENT TREA

aere Shelton, S, M,, "Thermal Conductivity of Some Iroms and Steels
RRrEaENcE Allegheny Ludlum Steel Corporation, REwcE Over the Tomperature Range 100-500 C", NBS Journal of
Research, 12 {1934) p, €41,
AEMARTS Nominal Composition taken from DMIC Memo 42.

COEFFICIENT OF LINEAR THERMAL EXPANSION

sTum-1 sTum-1 -1 sTum-
me, [rr-2p-1 ] e, [rr-le-t§ TP, |rr-2p- | TR, |PT-2p-1
[ [l [ [l [ T v T
e, ™>e 212 8,5 2 10,2 152 1,1 932 11,9
P-lxuh fmance v Pe-Txwh foance v | p-1x 2 9,2
202 9.2 932 10.5 1832 11.4 ]
Values interpolated from gra;
cotffigienta I i I — 1 | 1
} So— I T I
ASTA-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF AETALS
ASTA-ASME JOINT COMMITTEE OM EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
Mmq HEAT RUMBER
ou-ﬁ. r LN | Ma | si | C Fe WATERIAL B-8 Stainless Steel WEAT WOMBER
CouPOSITION 118,00 18,00 | 2,001 2,001 0.08 ] Ba1 Gr | N} Mn | si | c P s Fe
PER CENT
Courosinon Selifouio 107 10,38 10,07 0,000 0,003 L Dal )
rer cany
WEAT
TREATMENT
o A uu!
REFERRNCE  Unp hed Battelle Memorial Institute TREATMENT  Anneal,
Shelton, 5, M., "Thermal Conductivity of Some Iroas and Steels
. aErFIRnCe Onr the Temperature Rangs 100-500 C% NBS Journal of
RmiARKs  Nominal Composition taken from DMIC Memo 42, h, 12 (1934) p, 441,
THERSAL CONDUCTIVITY
THERMAL CONDUCTIVITY
[ 2 BTV mm-t aTU Ne-4 sTo et
e, [er-2r-1] teee, [FT2p-1] TR, {PT-2r-1 | TEMP, |rr-2p-t Ty MR- STV Ma-1 STy -1 sTum-)
[ T ¥ (4 ’ T ¥ T yar, |rrar-t ] ree, |erde-1] voe, (erdeet | Teee, eT-del
70 * 8.2 300 lo3 €00 | 106 YT BT [ Y [] T [ T r ad
100 8.4 400 9.7 700 | 11,0 1c00 J12,1 212 9,2 572 10,9 14 11.9 932 12,8
| 200 $.8_ 1 500 10.2 X TR o0 (o4 %2 10,2
% Extrapolated, Values inte. lated
T I I I 1 T N | i T 1 ] 1 {
I i 1 | i | i
ASTA-ASME JOTNT COMAITTEE ON EFFECT OF @ @
TEMPERATURE ON PROPERTIES OF NETALS ASTA-ASHE JOINT COMMTTEE OM EFFECT OF
TEMPERATURE OM PROPERTIES OF METALS
[ MATERIAL 304 Stainless Steel HEAT WNUMBER
[MATERWAL  18-8 Stainless Steel KEAY WUMBER
Cr | Ni | Mo | §i < Fe
CpucAL cr L ni_ | aa c | re
CONPOLITION 18 [} 2 1 lo.os [ Ba1 CHmacAL
PR Ciny ComPOLTION | 19,6 [7,9% | 0,28 ] 0,24 1 Bal
ez canY ]
| roRM
HEAT FORM
TREATHMENY WEAT
TREATMENY Anneal 735 C,
REFERECE Cruicidle Steel Company of America. Shelton, 5. M., " Tharmal Gonductivity of Some irons and Stesls
SEFERENCE  (yey the Temperaturs Range 100-500C™, NBS Journal of
- Research, 12 {1934) p, 441,
REMARKS Nominal Composition taken from DMIC Memo 42,
THERMAL CONDUCTIVITY
THERSAL CONDUCTIVITY
STV r-3 STU Rt - ATy -3 sTU M-t
STV Im-1 BTUNR-Y ATV Mm-d TUM-t Tew, |[rr2r-t | vee, [rr2e-t ] toe, jer-2r-t ] Tee, |FT-20-1
e, |[rrdrl ]| Tee, [er-2r-1 ) TEe, |PT-26-1 | TR, |PT-2pel [] (4] [] - ] r [ [ad
4 T [ T [ [l ’ r 392 9.7 732 16.¢ 112z 12,6 11412 15,0
200 9.33 1000 12.5
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ATEAIE JOBT COUMTTEE ON EFFECT OF @

TEAPERATURE OM PROPERTI METALS

18- 8 Stainless Steel HEAT NUMBER

1

| Ni | _’:. < K¢

;

%.1010.27

A 0,07 | Bal

E

n:nm Anmeal 133 C,

[rvs— Shelton, S, M., "Thermal Conductivity of Some Irons and Steels
Over the Temperature Range 100-500 C™, NBS Journal of
"N

THERSAL CONDUCTIVITY

it

ATy Ooench 1200 C.

EFERENCE Shelton, S. M., "Thermal Conductivity of Some Irons and Steeis
Over the Tempersturs Rangs 100-500 C*) NBS Journal of

STV -t 8TV -1 TV - oTU -1
Tar, [Fr-de-l | Tee, |rr-dr-l o Tewe, pT-2e-0 | oTee, [Pr-29-0
[ (4] [ [ad [] " [] [
patd V.4 L 15,9 752 11.9 932 12,8
W 10,2
Values interpolated from gra
| i T | I H 1
1 1 i | | 1 1 1
ASTI-ASAE JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
L MATERIAL __ 18-3 Stainless Steel HEAT NUMBER
Cr Ni_| Mn c Fe
COMPOSITION 18.5] 9.21 | 0,19 | 0. 11 { Bal
PER CENY

L _Repearch, 12 (1934) p, 441,

THERMAL CONDUCTIVITY

BTV um-1 BTY -1 sTU -1 "
™me, jrde) | o, |ev2r-) ] toe, jrr-2e-t | ovene, [FTe2e-
[ i [ [ad [ [ [ [
212 L& 572 10.9 5% 1.9 932 12.8
|92 10.2

I

ASTH-ASME mrcnum ON EFFECT OF
TEMPERATURE OM PROPERTIES OF METALS

T —
MATERIAL 18-8 Stainless Steel HEAT NUMBER
ot ] [+ Ie
U ML Ma | st
xﬂm 17, 87 8,04 0,26 | 0,19 } 0.15 Bal
HEA
TREATMENT
Powell, R, W. 1 and EI jcal Conductivities of
BEFERENCE  Motale and Alloys: Part 2, Some Heat Resistant Alloyé From
0-800 C*, Proc. Physical Society, 48 (1936) p, 381,
THERRAL CONDUCTIVITY
X STU pp-t TV -1 BTV -1 oTU Mm-1
oe, [rr2e-l | e, [rr-2r-1 ] Tewe, [PT-2r-t § o TEMP, |FY-2p-t
r L4 < ¢ T L4 [4J F T
392 [ 752 10, & .

Values lnn:%glued from graph,

ASTI-ASME JOINT COIIITI’II ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL __18-3 Stainiess Steal WEAT NASER
2 {1l

cr | Nt ) Mo | 81 C Fe
COMPOSITION 2.9710 0,17 1
poanentingalll S0 22l Jal
mm‘l
TREATMENT

Hogan, C. L. and Sawsr, R, B,, "The Thermal Conductivity of

REPERENCE  Metals at High Temperatures”, Journal of Applied Phy-iu,qzl
{February, 1952) p. 177,

STY m-? sTU -t sTUMm-1 sTym-)
Tewr, |[ev-2p-1 | vewe, |pr-2¢-1] Tone, |PY-2e-1 ] Tewe, |Fr-2e-t
[ 4] [ 4] [] [ad » Al
392 10,2 112|138 1472 15,5 1652 16,
752 11,6
ASTH-ASME JOINT COMMTTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS

MATERIAL 18-8 Stainlesr Steel HEAT MUMSER

cr 1N ! g G P ls K¢

COMPOSITION 18, 40 9|60 9,13 Odlb 0,021 10,013 | Bal

| EORM
HEAY
TREATMENT Annesl 1100 C,
Sl TL., 7Th Teaea y Data B 3
REFERENCE  Metals and Alloys Up to 900 C*% auuml of Metals, § (MAy, 1953)
po 631,

STV ;-1 aTU -1 sTU -1 sTum-1
e, [Fr-2p) ) e, (Fr-2r-V] TEe, |Fr-2e-t § oTEwe, lev-20-)
[ " [ (4] [ (4] [ 7
392 9.2 ni2 13,1 1832 16,2 2192 17,2
752 11,1 1472 14,8
Values 13ted f:
I 1 | 1

ASTi-ASHE JOINT COMMTTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS

™ ALL WEAT WUMBER

No, 30905

Fe

Bal

| NI
]

Ik

REFERENCE U, S, Stesl.

COEFFICIENT OF LINEAR TMERBAL EXPANSION

O o Tew

TEne |

mance, b | r-Vu1gf Jmance v | p-tx 1ok france ¢ | #-x 108 Jmance ¢ | e=1x 10
70-200 | 9.2 —Y70-600 | 9.8 J70-1000 ] Jo.3 J70-1200] 1o
70-400 9.5 70-800_ | 10,1




ASTE-ASAE JOINT COMMITTEE ON EFFECT OF

@

TEAPERATURE OM PROPERTIES OF METALS

[WaTemAL —  Jron Al WEAT WOuBER
Cr Ni Si Mo Fe

enmmcat [——

couposimion | 18 8 ! 3 Pal

ree cowy

| PORM

NEAT -

TREATaENY

REFERENCE ¢, 5, Seeel.

COEFFICIENT OF LINEAR THERMAL EXPANSION

o ' Top . T . Temp .
aanct ¢ | e-tx1f Foance, o | r-1x1o8 Jmance, ¢ | e-Tx wh fuance ¢ | r-!x 108
| 10=200 9.2 20-600 9.8 70-1000 | 10,3 79-1200% 10,5

Q.5 20-800 10.1
ASTA-ASAE JOINT COMMTYEE ON EFFECT OF @
TERPERATURE OM PROPERTIES OF METALS
| MATERIAL__Iron Alloy HEAT NUMBER
Cr | Ni si Fe
CIneCAL
COMPOSTRION 18 1 8 3 Bal
rER CEY
| FORM
WEAT
TREATMENY
BEFERENCE y, S, Steel.
COBFFICIENT OF LINEAR THERMAL EXPANSION
™e Teee o TENP
2 le-txvef Jmance v | r-tx 0ot fuance ¢ | #-1x 106 Jrance ¢ | F-Tx 108
= %22 70-600 | 9.8 70-1000 | 10,3 70-1200 | 10,5
70-400 9.5 702800 | 10,1
ASTE-ASHE JOINT COMMITTEE ON EFFECT OF
TERPERATURE ON PROPERTIES OF METALS
MATERIAL Iron Al - MEAT NUMBER
cr Ni Ti | Cb | Fe
CHEISCAL
:mm 18 8 stabilized | Bal
NEAT
TREATMENT
REFERDNCE U, S, Steel,
COEFFICIENT OF LINEAR THERMAL EXPANSION
Teee O o TEMP
Pl etuues france r | e-Vx o8 Prance F | #-Vx106 Juance. v | r-tx 1o
= 9.2 20-600 2.8 10+100 10,1 30-12001 10,5
9.5 10-800 101
ASTA-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
[IATERUAL _ Staybrite Steel HEAT NUMSER
cr I M Mn Si [ s P Fe

CHENICAL — 1

comrosmon (17,871 8,04 ] 0,26 0,39 lo,15 2 2 Bal

PER CENY

FoRM

=i Softened 1150-1200 G,

[ Powell, R, W,, "The Thermal and Electrical Conductivities

of Metals and Alloys: Part 2, Some Heat-Resistant Alloys From
"

69

stV m-? aTU -1 8Ty ua-1 STU Wr-1
Tae -0} TR, Fr-2¢-1 e, PT-2p-4 Tame , FT-2p-1
¢ LiJ [ L 4 L4 L4 [4d
32 8. 1) 212 2.4 34 10.2 512 10.%
152 11,9 932 12,6 1112 13,5 1292 14,3
2 115.2)
€ H {3e1} rative
ELECTRICAL RESISTIVITY
Tewr, T®WF, TEMP, |WCRONM | TEWP, MICROMS-
[ 4 (-] [4 (=] L4 (=] r [}
32 66, 3 572 89.1 932 100, 1 1292 109,8
2 14.3 152 95,0 FTVeR 104.8 A472 1140
392 81,9
e i 3 N
I 1 1 1 l
i 1 1 | 1 i )|
ASTE-ASHE JOINT COMMITYEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
[ MATERIAL 31 HEAT NUMBER
o] -1 B Fe
CouposITION L 0. 208" 0.0231 0.018 Bal
PR CBnY
vm‘l’
TagATMENT Hot rolled and annealed - 2,000F - 1 hour = water quenched.
[— Lucks, C. F. and Deem, H. W., "Thermal Properties of
" Thirteen Metals”, ASTM Special Technical Publication No, 227.

STU -1 BTu -1 STU -t STV --1
e, |F1-2¢-1 ] Tewe, [er-2p-3 § Teme, Qpr-20-1] TEWP, |FT-29-0
] (4] [ T [] (ad ] Al
=250 2097 I 700 8,3 800 .0 400 3.4
=200 . 4 400 9.2 1000 .B 600 4.3
=100 X £00 10.1 1200 [ 800 S 1037

COEFPICIENT OF LINEAR THERMAL EXPANSION

O Ten? TP Tewp
%l 2V x 108 S ance, ¢ | 7=V x 108 Jrance, ¢ | r-Vx 108 Raance F | e-1x b
[20-1-250) ] 8,22 ¥70-200 8,60 J'70-800 | 9,81 _E70-1400 | 10,42
20-1=200)} 8. 26 §70-400 8,99 170-1000 }10,08  }70-1600 | 10,51
[20.(-100)} 8 42 §70-600 701200 [10.28  [70-1800 | 10.67
— PYS
SPECIFIC HEAY
me, [srwis-1] Tew, (s Le-1|| TEWP, |stu Lp-t} TENP, [ETU LB-)
L4 #=1 LJ r-1 v p-1 [ r-1
=250 079 20 0,116 800 0.1 [ 1400 0,147
=200 , 085 400 0,126 1000 0,137 1600 0,155
=100 5 094 600 0, 131 1200 0,140 [ 1600 0,16503
68 , 108

a} extrapolated




™we, tscy e, [ X TEuP tacy e, wscv
: 1 [3 e ) w- [ [
[ =250 2897 200 0, 286 800 0, 2813 1400 0,276
la200 2894 | | 0 284 1000 0.279 1600 0.27
=100 ,2886 600 0,282 1200 0.2179 § 1800 90,2123
$8 2813

Density calculated from the rmal-expansion data and me asured density of
2877 1b in” . .

L

1 1

OIFFUSIVITY

LacK D

147

-4
ol

0,143

a1 exraolated,

ASTR-ASKE JOINT COMKITTEE ON EFFECY OF
TEAPERATURE ON PROPERTIES OF METALS

[Mattmial 31% Staidicss Steel WEAT WOUBER .
Cr o ] Mo | S c Ee ]
onBacaL 16,0-] 10,0~ 2,0- | max, | max. | max.
CONPOITION é. 0 134.0 [+] 2.0 1.0 |_Bal
[ W
WEAT
TREATMENTY

SEFERENCE  Allegheny Ludlum Steel Corporation.

REMARKS Melting range: 2500-2550 F.

o7y -} sTU Hn-! TV Nm-? aTv ;m-!
Tar, jrr-2e-1 ] e, |py-2p-0 | oTewe, |er-2P-1 | oYEMP, | FT-2p-0
[] . 9T r [ad [] Y [ Y
212 9.3 932 12,4
COEFFICIENT OF LIMEAR THERMAL EXPAMSION
™e ’ ™ - TENP ' TP '
1 xwh [oance r | vV x 108 nance, v | #-Yx 008 fmance v | r-'x 10
<212 9.2 €8-1600 | 10.7
SPECIFIC MEAT
we, lorvirt] roe, Iiwr]] ree, Joris-r] Toe, faro e
[ r-1 [ [2) [ () [] r-1
32-212 12
ELECTRICAL RESISTIVITY
TP, jwczoms | rene, [wcwons | Tee, | wcnons | Tewe, | scROM.
[ o [ o r [ ] o
[T} 74,0 1200 116.0

70

scy _e, o TN, o me, | woy
":" r ) '3 e [ w-t [ ()
}Boom .43
MAGNETIC PERAEABLLITY
Ter, | PEmie Tow, | Pumuz Tewr, | Pomme. ] TEwP, | Pamme.
» ABLITY ¢ ABLITY » ABILITY [ ABILITY
Boom | 1.02 .
Permeability at 200 Oersteds, annealed,
ASTA-ASHE JOINT COMMITTEE OM EFFECY OF @
TERPERATURE ON PROPERTIES OF METALS
31 Stainiess Steel WEAY WUMBER
[uatERiAL e8s Stee HEA
Ccr Ni Mo | Ma [+ Fe
omacat ] ==
COUPOSITION 16 10 2 2 1 _1oos | Bal
PER CanY
[T
NEAT
TREATMENT
REFEREWCE A R h Found: WADC Technical Report No, 58274,
REMARKS Nominal Campositien taken from DMIC Memo 42,
THERNAL CONDUCTIVITY
sTum-1 sTum-t stu -1 sTu -t
o, jre-2r-1 | e, | Fr-2e Fr-2p-) | e, | FYS2P-Y
r 2l [ [ad T [ [ad
140 8. 00 401 9,43 1047 1,51 | 1888 15,80
10 8. 14 621 9,85 1435 13,37 _§ 2054 16, 65
[ 320 8,95
COEFFICIENT OF LINEAR THERMAL EXPANSION
TEMP TEMP TEP Temr
nance, # | #-Vx10f fuance ¢ |, x 10 Juance p v=Yx10f Roance v { rrix
200-400 10,0 = 1201600 11,5 £ 12.0
200-500 | 10,8 §200-1200] 11,1 §20-1860 | 11,6  J20-2400 | 12,2
10,8 § 200-1400] 1 2022000 | 13,8
| | I
SPECIFIC HEATY
we, levwis-' ] e, fetv Le-t sty Lp-1
[ (] [ [2) r-1
500 o.126 1 1000 0,138 0,162




ASTE-ASEE JOWMT COMMTTEE OM EFFECT OF @
TERPERA

ASTH-ASHE JOINT COMMTTEE OM EFFECT OF (::)
TURE ON PROPENTIES OF METALS TEAPERATURE ON PROPERTIES OF AETALS
[MATERIAL 316 Seaislegs Stee] WEAT WamatE [MATRRIAL 316 Staigless Steel HEAT wumeER
[+ Si. c Fe cr Ni Mo Ma St [+3 Fe
COUPOITION 1 _10 2 1 2 11008 ! Bat : convpotivion $17,2 112,750 2,25} 1,8810.42 1 Q.01 1 Bal
rig CEnY e cany
[ [T 1-3/4" dia, bar,
WEAT WIAT *
TREATMEMY TREATMENT
REFEREWCE  Materialy Data Book No, 1, General Electric Company, REPERINCE U, S, Naval Engineering Experi Station, A lis, Maryland.
KBRS Nominal Composition takes frocn DMIC Memo 42,
COEFFICIENT OF LIMEAR THERMAL EXPANSION
LJ
THERSAL CONDUCTIVITY
TE e o A 4
: wance, ¢ §r-Vxigf fmance e | e-tx o dmance, v o=V x1ef Joance | r=tx
st m-1 Ty -1 sTvm-! STU He-1 0-500 9.8 100-1000 | t0.2 100-1600] 10.2 :
e, [rr2et] e, |rr-2e-1 | Tee, [rr-2e | Tew, |Fr-2pa) ] B
L L 4 T 4 Lid L4 L4 Msthod: rh.gl e ity dilatometer; heating rate 5,0° or 5,8 F per min.|
20 9.0 [1T) 10,6 800 TR 1000 12,3
[~ 300 9.8
ASTM-ASHE JOINT COMMTTEE OM EFPECT OF (_:)
. Values interpolated {rom gyaph, TEMPERATURE ON PROPERTIES OF METALS
[ mavERIAL Cast 316 Stainless Steel HEAT WUMBER
Cr Nt Mo St {Mp | C P Fe
CREMICAL max, | max, | max, | max,
cowroumion | 18 ) 2 2.0 11,5 | o12/004 | mar
e cony
COEFPICENT OF LMEAR THEREAL EXPANSKN
NEAT 1950-2100 F = water quenched or oil quenched - hold to
TREATMENT temperature long enough to heat all gections, _—
™S = ™S T
ravce, ¥ eTxwl funce e [ o-Tx ol Joance s | r-Tx10f [oance s | eIz REFERENCE  Alloy Casting Instituts,
200 A.40 | 8,93 1 1000 2.120 1200
400 667 | 800 9,33 —

ot m-1 TV M-t 7Y Ke-1 aTU k-1
v, |Fr-2e-1 ] e, |er2et] Tee, [Fr-2eel ) The, (FT-2eed
[] [ [] [ad ] ] [] [Al
ASTE-ASHE JOBT CORMITTEE OM EFFECT OF @ 213 .4 1000 12,2
TEMPERATURE OM PROPERTIES OF AETALS

.
MATERIAM. 316 Stainless Steel REAT WMBER

cumacaL Cr | Ni L Mol Ma }5i | C | Fe

MAL EXPANIION
3 1 9,081 Bal COEFFICIENT OF LINEAR THER
e oot
-m} O, THS o0 =S
mm RANCE, -1 x 108 | ranc -1 x 18 | mance r | -t x 108 Qrance ¢ | r-'x b
AR LY IXARSRTT] A A
T 20-212 89 J70-1 9.7
KEFERENCE  Crucible Steel C of A
ARy Nominat Composition taken from DMIC Memo 42,
Tewr, [wcmome | vewe, [mcmowe | Tewe, Jsscmoms | tewr, | mcrows
’ Y [ o™ [ [ v ™
Q0 22,0
THERBAL CONMDUCTIVITY
DENMITY
*:TH -1 STO ;- STV RR-1 -1
TBe, [Fr-ie-l ] v, (FT2e-)] B0, (F1-2e-t | e, |PY-2E-d
4 T r (4l ¥ P ’ "
00 2.3 1006 12a4
™, [Ty e, | sy | e, | LU e, |8y
r m-1 ] ([ O2] 4 et L4 -
[ Beom | 0,280

n



ASTA-ASHE JOWT COMMITTEE ON EFFECY OF @

bility at 200 Qe
be at

ratcads anpealed

xoom temperature,
temp —

72

TEMPERATURE ON PROPERTIES OF NETALS
> o1 WEAT_NUMBER
e, | rEmue Tene, | PemuE. Towe, | pErue. | Tewe, | pemne.
[ ABRLITY [ ABILITY [ ABILITY [ ABILITY [of ] Mo { Mn | < Ee
_Bmm_L}.L?.J.Q'- 021 1
coveouron 18,49 | 12,59 12,61 lo.73 Lo.2e 10,08} LBs
res cony
ASTA-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
1/2" dia, bar,
[MATERIAL ___ 31EL Staiuless Steel HEAT NUMBER TREATMENTY
Cr | Ni_| Mo | Ma [ Si C | Fe RMFERENCE U, S, Naval Enginecring Experiment Station, Ansapolis, Maryland.
CHEMICAL 16,0~ [10,0= } 2,0- |max, | max, | max,
cowposrmion | 18,0 1140 13,0 20 1 l.o 1003l par
veR CONY
COEFFICIENT OF LINEAR THERMAL EXPANSION
| PORM
WEAY
TREATMENT
REPERENCE  Allegheny Ludlum Steel Corporation,
TEe TEWP Tewr | TEMP
jnace ¢ | r-x 108 | nance ¥ p-x 108 [ mance, ¢ | r-1x 108 Rmance ¢ [l 3
REMARKE Melting range: 2500-2650 F. 00-500 § 9,3 100-1000]_ 9,85 100-1600] 10,5
Me! = absolute, Leitz dilatometer; heating rate L. 0or 5,0 F
x minute.
1 I 1 1 1 | 1
Y ASTI-ASHE JOINT COMMITTEE ON EFFECT OF (:.)
TEAPERATURE ON PROPERTIES OF METALS
Ty -t oTu ur-1 sTU MR-V »TU -1 | saTgmiaAL 347 Stainless Steel HEAT_WUMBER
Towr, [er-2p-1 ] vow, [er-2p-t ] TEwP, |Fr-28-1 | TEWP, |PT-28-1
L4 T ¥ T F T [ T Cr | Mn | si | Cb C Fe
az 9.4 932 12,4 CHEMCAL 17.6=7 9.0- | max. | max max.
- coue 19.0 lazo 12,0 a0 los lo,08 | pal
X
COEFFICIENT OF LINEAR THERMAL EXPANSION _:_ri
TREATMENT
REFERENCE  Allegheny Ludlum Steel Corporation,
o _MP Tow TENP ]
£ le-txws Juance ¢ | s-1x 1085 Imance » | P=Px 106 fmance ¢ | r-Tx wé REMARES Melting range: 2500-2600 F.
=212 9.2 68-1600 | 10.7 .
THERNAL CONDUCTIVITY
SPECIFIC (EAT
: -1
sTU -1 Ty -1 sTU Me-1 oTU MR
Tae, {rFr-2r1] TENP, |Pr-26-1]7 TENP, Fr-2p-1 | TENP, |PT-2P-1
T, jeTuLs-1f Toe, jetuLs-1{ vewr, |otu ap-1] TENP, [STU L8-t [ T [ (4 [ (4] 4 7
—r L [] r- [ - F -1 212 9.3 932 12,6
32-212 0,12 B
ELECTRICAL RESISTIVITY
COEFFICIENT OF LINEAR THERMAL EXPANSION
‘?.an.mtl:!,uc’:uru.m
al ] o TaRP
e TeMP e
68 T 740 T 1200 | 115.0 pance ¢ | p-'x108 [mance p | =V x 108 Foance,r | -V xvol Buance.r e-1x
£8-212 9.2 68-1600 | 10,7
DENSITY
ELECTRICAL RESISTIVITY
™me, (VY. 00, [TY-1] TEWP, [T Y-1] Tewe, | Loy
L] | J [ 4 -1 [ w1
Leom 9.29 ror. |wooms | e, |[wcroms | vewr, |wcrons | TEMP, | mcROm
r o 3 o _F al 4 o
230
MAGNEYIC PERMEABILITY
SPECIFIC HEAT
e, | remue Tenr, | pERMe. Tewr, | renue. | o PERME.
[ ABRLITY [ ABILITY [ ABILITY r | amwny
Room i, 02

TR, [eTULe-i] TEWP, STV l.‘l-l TEWP, {STU I.ll-| 'n:r, IW'I‘I-‘
[ [ - -

32-212 0,12




DIPPUSIVITY
e, (YY) TS, ey T, Y. e, | Lo He, O e,
> FI [ ) [ ) [ w=1 ","" [ » 12 =) P |erm-r] v 12 -t
Room 13 =250 0,179 2 0.151 0.176 X 1400
22001 0173 AUD D Ahl \ﬂ [ ¥1 T 0200
| <100} D.1h% 600 0. 163 1200 0,192 1808 Q1
BAGNETIC PERMEABILITY .
f ) | 1  { 1 1 |
ASTR-ASME JOINT comm':ngl gfltg ALOS' @
T, Jreme | Tow, | remur | e, | remce ) T, | eERue TEAPERATURE ON PROPE
[ ABRLITY ] ASRLITY 3 AMUITY [ ABILITY
RBeom 1.02 WMATERIAL 347 3 3 NEAT NUUBER
|——Ecxmsanility ai_30¢ Oexsicds, annealed
__ne.'s.j_&wmi_be_ﬁrelmsmr_?ﬁ- pa— cr N R Fe
1 1 I CONFOMTION 17 9 2 1 0,8 1 008! Bal
»en cEMT
ASTI-ASHE JOINT COMMITTEE ON EFFECT OF @
TERPERATURE ON PROPERTIES OF AETALS
Fomn
- WEAT
[ MATERIAL 347 Stainless Steel HEAT NUMBER TREATMENT
Ni Mo Ch Qu C Mo S REFERENCE A R h Foundati WADC Technical Report No, 58-274.
comwosmon Laz.esl 10.94] 1641 0731 osglace loos looa o1y
e ceny REMARKS Nomizal Compositica taken from DMIC Memo 42.
P Fe
0.013) Bal
| PORM
REAT
TREATMENT THERBAL CONDUCTIVIT
Lucks, C. F. and Deem, H. W., "Th. 1 P tiea of
8, Co Fo A em, H, W., “Thermal Propertica ol
BEFERENCE ypirteen Metals®, ASTM Special Technical Publication No, 221,
REMARKS - aTu -V (3] B sty -t 27U -1
Hot rolled and annecalsd at 2000f, 1 hour--water quenched. Tae, v-1p- o, Fr-2pe1 T, 12 p-1 TENe , PT2 gt
[ [ad ’ (Al [ " (o]
(131 e 336 9. 54 1419 Te,15 1 2040 1 16,37
THERRAL CORDUCTIVITY 193 8,21 649 10, 6 1852 16,06 § 2318 17,35
%1 9.30 1627 12, *
avu m-t sty -1 Ty em-1 oty He-1
Tor, lev2et ] rewe, er-2ret ] tewe, [pr2p-1 | reee, |Pr2pa
F (2] F " [ &l [ 4]
=250 A 200 X 800 1.5 1400 14,
-200 N 400 .8 1000 12,4 1600 14,
=100 £00 10,7 1200 3.2 1800 15 82 COEFFICENT OF LIMEAR THERMAL EXPAMSION
L
* ted
i 1 1 I 1 1 i
o e TE® ow
COEFFICIENT OF LINEAR THERMAL EXPANSION nance # | e-Vx1ob [ eance ¢ | p-1x10f Ruance, ¢ | P-x10f foance e | e-'x 108
00-4001 10,9 J200-3000{ 31,8 ¥zoo-leoo} 12,3 Jz00-22000 12,7
[ 200-600] 3.2 J200-3200] 12,0 Wzoo-tscol 12.4 o_q;uggf_xkj__
0 115 20021400 a2.3 200-2000 12,5 l
“Values tate lated from graph,
TE TEMP ) TEwp
RANGE, ¢ | -V x 106 France ¥ | r-Tx vl Jrance ¢ | p-Tx 1ot
68-200 9.24 ¥68-800_ | 10,03 H 68-1400] 10,64
| 68-400 9.43 K és-1000{ 10,23 A ¢a-1600] 10,86
[68-600 | 9,83  F68-1200 [ 10 44 § 68-18001 11 05+
1 1 1 I 1 SPECFIC WEAT
SPECIFIC HEAT
e, {stuis-t] ree, lowis-1fl e, [oTw es-1] Tew, {otv (80
1 ' ' . 4 g-1 [ r=1 [ #-t [ F-t
e, s ] Toe, [su st e, lovw ie-t1] T, [aTU LB-? 3
& .2 - A ' A ' A 500 0,121 1550 0,136l 1500 0.150 G 164
=250 0,080 68 0,108 _ Y 600 0.131 1200 0,144
=200 0. 0AS 0116 BQ0 Q.135 1400 D149
<100 locoes ¥ s00 fo12s4 Thooo Torag § icon [oyse |
ASTR-ASME JOINT COMMITTEE ON EFFECT OF
DENSITY TEAPERATURE ON PROPERTIES OF AETALS
MATERIAL 347 Stainless Steel HEAT_MUMBER
cr Ni_| Ma Si cv | c | Fe
Tewe, [XY-"] TBe, wr, | ua e, | Lo CHEMICAL
=1 [ r [l [ in=1 COUPOLITION 17 9 2 )} 0.8 [o,08 | mal
250 0. 2879 200 0.2846 || 800 0.2795_§ 1400 Q2240 reR cony
=200 0,2875 0,2830 Jl 1000 0.2777 1600 02721
<200 | 600 0,.2813 f1200 02759 ) 1800 0.2702%
68 0.2856
[T
» extrapolated, HEAT
ity was calcglated fram thermal ion data and rarasared d ot TREATMENY  Annealed,
0,2859 Ib in~3 at 32 F,
P RENCE  Materials Data Book No, 1, General Electric Company,
REUARKS Nominal Composition taken from DMIC Memo 42,

73




ASTA-ASHE :unuw:mu:'g g'!“CTT J @
THERMAL CONDUCTIVITY

| MATERIAL _Stainicas Ste; WEAT NUMBER
Ty -1 STy M-t sTU MR- STy mR-1 cr Ni Ssi Mn Cb c ) d S
TP, set-2e-t | TEwP, |ry-2e-t] TewP, |er-20.1 -2 CHEMICAL max, | max, | max, | max, | max,
[ T [ [ad ¥ L (ad cowrotmion ] 18-2019-12 12,00 { 1, 5c 1 1,0 1008 {004 1004 | Bal |
9.42 200 10.4 s 1.4 12.4 FER CENY
200 9.92 400 10,9 600 11,9 12,9
alues inte: ated from gra)
__Y_r - i '_']‘l | —1 I i FORM
REAT
TREATMENT
REFERENCE  Alloy Casting Instituts, June, 1954,
COEFFICIENT OF LINEAR THERMAL EXPANSION
Llmlll! g point. 2600 ¥,
THe O Thee Tewr
e Je-txwt foance s | r-1x108 Foance 7 [ e-"x 106 Juance v | r-tx wt
9,305 ] 600 9,500 J 1000 10,200 ¥ 1400 11,090 THERNAL COMDUCTIVITY
400 9,360 ] 800 9,790 1200 10,710
YValues interpolated from frﬂ Assumed to be instantaneous coefficients, .
e R e e
o, |ev2e ) vew, |Pr-2p-t | ovewe, |rr-2p- e, |Fv-3p-
ASTA-ASME JOINT COMAITTEE OM EFFECT u?s' @ L4 LiJ LiJ ’ LA} L LiJ
TVEAPERATURE ON PROPERTIES OF MET. FTF] 33 jo0g v}
[ MATERIAL 347 Stainless Steel HEAT NUMBER
Ccr Ni | M | si lcb c Fe
COMPORITION 17 9 2 1 0.8 1 0.08 ] Bal COEFFICIENT OF LIMEAR THERNAL EXPANSION
R oy
| o '
WEAT e O or Thee
TneATMENY wance, ¢ _{o-Vuos fuance,r | r-txf fuance,e | F-Vx 106 Fance p [w-tx et
Levy, A., "Peri of ials at Elevated Temperatures 70-“,2 2.3 70-1000 16,3
REPERENCE for Aircraft and Missiles™) Marquardt Aircraft Co. MP«595.
ROMARKS Nomisal Composition taken from DMIC Memo 42,
SPECIFIC MEAT
THERSAL CONDUCTIVITY
Tar, [stuis-1f Tewe, [oTU Le-1]| Tewe, [sTU LS-1] VENP, {eTU LB-!
[d [ 2 [ 4 ¥l [ ¥-1 [ | )
aTu MR-t STU -1 STU Me-1 i 012
™me, Towr, |ev-2e-t] vewr, Jev-2r-t | vewe, |rFv-2p-1
[ [ i [ [ad [ (4]
[ 308 1000 12,5 1200 14,3 1400 15,0
ELECTRICAL RESISTIVITY
ASTR-ASME JOINY COIIITTEE“ =l gr.EEcTT ALOS' @
ow e, Juceoms | TEr, [wceows § Tewr, |secRONN- | TEMP, | MCROWM.
[ ™ ’ [ [] ™ [ ™
[uaTRmial 347 Stainicas Steel HEAT WUMBER 10 1.0
3 i Ch (o] Fg
|.ce | =1
Courosmon |18, 131 0,80 10,39 10,08 | Bal
PER CENT
%t e, uc‘u e, uc'u or, uc'u m. . L:._c‘u
E [ [ [ = -
TREATMENT oo 0, 760
REFEREMCE. . §. Naval Engineering Ex Station, polis, Maryland,]
SAGNETIC PERREABILITY
COEFFICIERT OF LMEAR THERSAL EXPANSION
e, eEaue. Tewr, | PERue. TewP, | PERME. TOP, | FERME.
™o ' NP ' TR TENP ¢ ARKITY [ ABILITY [ ABILITY [] ABILITY
i:‘_ng_!,r Poix b Foance v | p=Y x 108 fmance ¢ | p~Vx 108 Roance v { F-1x b m {1, 20-1, . i
100-500 | 9.9 100-1000] 10.2 _J 100-1400] 10.% 1
ta assumed ¢ room temperafure
0 $ absolute method, Leitz dilatometer; heating rate 5, 0° or 5. 6° per minute,
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ASTA-ASAE JOWT COMMTTEE ON EPPECT OF @
TEAPERATURE ON PROPERTIES OF METALS
_mlll&_IAn.winhlﬁ et WEAT WUMBER
cr | nNi i b c Fe
CQemwCAL
cowposmon [19,04 110,551 1,22 ] 0,06 0,08 | Bal
rin oot
FORM
[WEAT
TREATMENY
REFIRENCE U, 8, Naval Engineering L Station, polls, Maryland)
COEFFICIENT OF LIMEAR THERRAL EXPANSION
™_e = ™™ O
maice, ¢ Jr-txws Foace w | r-Yxwl Juance r [ r-'xwh Beancer | -3 108
[og-sc0 1 9.3 100-1000 | 10,0 J100-i600 | i0.8
[Method: absolute methed . Leitz dilat Heating rate; 5.0 or 3,6 F /mi

ASTE-ASME JOWT COMMTTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
| MATERIAL 3471 Stainless Steel HEAT NUMBER
|Gz | Ni j Mo | Cb 1 Si C | Fe
courasimion | 17 10,85 (1,21 {0,35 {0,34 0,029 Bal
PER CENT

At

TREATMENT

REFIRENCE U. S Naval Engineering Experi

polis, Maryland,

REMARKS
COEFFICIENT OF LINEAR THERMAL EXPANSION
TO# Tewr TeP TEMP
|mamce, # | r-Vx108 fmance r | r-Vx 108 [nance, P [r-Yx 10t Joance r | P-1x b
100-500 9.8 lOO-lOOOI 10,2 100-1600 10.8
ASTE-ASME JOIXY COMMTTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF AETALS
ron Alloy=-SAE 30347 WEAT MUMBAER
Lr Cb b o3
CHEMICAL
COUPOSITION 18 1 1.1 Bal
PER CENT
[eomu_____ Bar
WEAY
TREATMENT 1200 F (2 hr) and air cooled.
“Report on Materials for Use at Liquid Hydrogen Temperaturs®™,
REFeRENCE Prepared for the 63rd Annual Meecting of the American Society
for Testing Materials,

COEPFICIENT OF LIMEAR THEFMAL EXPANSION

e o TeMP
e ¢ lo-txob fuance,r | r-tx 108 fuance, P [e-txwt Juance ¢ | p-1x e
I8=(=1043] 8.6 J18-(-320)| 7.6 R7e-(-4i0;] 6.7
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ASTU-ASAE JOINY COMMITTES OX EFFECT OF
TEAPERA PROPERTI

®©

TURE ON ES OF AETALS

M Al HEAT NUMBER
r i | Fe

[ 'Y

cowpotmon 18 L 12 L Bal

rER CENT

| PORI

WEAY

TREATMENY

REFERENCE Uy, S, Steel

COEFFICIENT OF LIMEAR THERMAL EXPAMSION

TO» TENr TOr TP

mance ¢ Je-Vx 108 France, v | o~V x 108 [mance, ¢ | -V x yof France, v | r1xwf
| 20-200 9.2 20-600 9.8 20-1600 10.2 70e1200% 10,4
| 20.400 9.5 2028030 10.0 -

ASTH-ASME JOINT COMMITTEE ON EFFECT OF @
TENPERATURE OM PROPERTIES OF AETALS
MATERIAL Il'ﬂn Allg HEAT NUMBER
cr i

CnEMICAL M Si 1 Fe

COMPOSITION 20 10 3 Bal

[ X4

FORM

WEAT

TREATMENT

REPERENCE g, 5. Steel,

THERMAL CONDUCTIVITY
ST Hr-? 5T HR-1 aTU K-t STU HR-1

TR, {FT-2r-1 | Tewp, |PT-2P-1 % TEMP, [FY-1P-1 | TEw, |PY-2p-)

v [ad ] [A] v " ] [l
70-. 8.9 20-600 | 4.5 20-1000. 10.0 10-3200 1 1o 2
70-400 9,3 70-800 ] 9.8 -

ASTI-ASHE JOINT COMMTYEE ON EFPECT oF
TEAPERATURE ON PROPERTIES OF METALS

O]

1rom Aill HEAT WUMBER ]
2 i Si rs
CHEMICAL
COMPOSITION 20 10 2 1 Bal
R CantY
| ORI
HEAT

RRFERENCE 4 5 geeel,

REMARKS
COEFFICIENT OF LIMEAR THERNAL EXPANSION
T TONP ne TEur .
nance, g Jo-tx 108 France, r | v-V x10f [ mance v | r=tx 10t France ¢ | r=ix1sf
70-200 () 70-600_1 9, ¥70-3000 ] 10,0 $70-32001 10,2
(70400 | 9,3 F70-600 | o8




ASTI-ASAE JOINT COMAITTEE OM EFFECT OF .
TEAPERATURE ON PROPERTIES OF METALS Q COEPPICIENT OF LIMEAR THERBAL EXPAMSION

SATERIAL & Stainleps Steel NEAT NUUBER
Cpacal Lx L Ni_{ Ma L Ee. o TOr e NP
mas. mavce, ¢ | p=tx 1ot fmance | #-1 x 106 Rnance v r-ix 106 Ruance, b | o=t wh |
cowposnont |22 [ 32 2 [ | _pal 28.212 1 8.0 s 12.9
PER CExY
SPECIFIC HEAT
'En
TREATMEXT
aererence Levy, A., "Performance of Materiale at Elevated Temperatures
for Alrcraft and Missiles”y Marquardt Aircraft Co, MP-595. we, [svwis-1f Tew, jSTU L‘l-| Tee, (sv L‘l-i e, |[sTU L‘l-'
F-1 [ r- [ (2 ¥ [
=212 ) 0,)2
BEMARES  poninal Composition taken from DMIC Memo 42,
ELECTRICAL RESHYIV
THERSAL CONDUCTIVITY Y
v ;-1 STy He-1 BTU HR-) BTU =) wcxotes | Tawe, | mcROm £ TEMP, | MRCROHM-
ae, [r2e-1 | ee, [rr2e | vew, |rr-2et | oree, [er2ea b - o o™ ’ o ' b
e : i ' il " T T
200 8,0 1000 11,5
DEXSITY
ASTR-ASHE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
inl ee WEAT RUMBER .
o, (YY1 TEMP, ww | e, | v e, uc‘u
cr | Mo | si | € [ Fe 1 1 1 -l [ el [ -
CuBacaL hax. 0.29
COMPOSITION iz 12 3 1 0,201 PBal
e cenv -
MAGNETIC PERMEABILITY
| eor
WEAY
TREATHENT
REFERENCE lﬂy‘ A, "Pcrlormme of Materials at Elevated Temperatures 'i"' :::‘"'Q “:’ : ::"_nn!"y 'I'l'lf, ::I.LT:;' ":"' A'l!l:.l.?';
for A ft and b "y quardt Aircraft Co, MP-595,
Room 1,01
ERMARES N . P cability at 300 Ocrsteads annealed,
Nominal [ Permeability at £00 Oc¥ st
Composition taken from DMIC Memo 42, ta assymed at yoom te ratyre,
1 | ] I
THERBAL CONDUCTIVITY ASTR-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
sTY m-Y sTum-1 sTum-1 TV -1 | mavERIAL 316 Stainless Steel MEAT MUMBER
vae, {r2e-t | Tor, [rr-2e-1] Tewe, [Fr2r-1 | Tee, [Fr-2eal
L4 T 4 T [ (4 [ 1] cr | Ni Mn ) Si [ Fe
| z00 1 0.} 1} 1000 12.1 CHBucAL —
COMPOSITION 24 119 2 11 |__pal
PER CERY
ASTE-ASME JOINT conmee o mecr oF @ ToRM
TEAPERATURE OW PROPERTIES OF MET. [WEAT
TREATMENT
310 " teel WEAT NUMBER REFERENCE 1s and hod! 1 No, 115, "Metals for Short Time
Service at High Temperatures', by A, Levy (April, 1955).
z:;- l?m_JLLi_ﬁ < £e
. 0= [ mmax, [ max, [ max. anuexs Melting Point: 2600 F.
Coosmnom 26,0 122,0 )} 2,0 11,501 0,251 pal
e oo ]
THERRAL CONDUCTIVITY
| pomM
HEAT
TREATMENY
. 3 aTum-1 sTU -1 STU Hm~D aTv m-?
Allegheny Ludlum Steel Corporation, o, [rr2e1 | voe, [Fr-ae-t | rewe, jrr2r- | TR, (PT-2p-
F ] e [ lad [ (Al [ (ad
L0 000 10,8
pmmsswy  Melting range: 2550-2650, — . '
COEFFICIENT OF LINEAR THERMAL EXPANSION
THERSAL CONDUCTIVITY
oTU ;-1 sTU M-t sty na-t sTU m-t
™ rr-2p-1 | TR, |PT-2P-1 -2 p-1 o TBe ThMp R4 TERP
r T " 2] “:" ""' “;" "':,' t nance, ¢ | e-Txih Joance v | r-txaef Rnance ¢ r-1x 108 [mance ¢ | rx 10
A7 1 5.6 1 92 LN - 32-212 | 8,0 32=1 L4 32= 0l 32-1800] 10,
= 9.0
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COEFFICIENT OF LINEAR THERBAL EXPANSION

we, | | e, e frw. e | rew, | e e Toe O o
=L 01%‘0 L L. L Lo ’ m-1 mance, ¢ | e-'x1h faance v | sV xob Roance v | e-Vx 108 Buance ¢ | o=t x e
| —oom s 3500 | 9.1 100-1060 § 9.6 100-1600 | 10,3
T 1 Method: absolute method, Leitz dilatometer; heating rate 5. 0%or %, 6" F per min,
“TEAPERATURE (N PROPERTIES OF WETALS ® ASTLASAE JOWT COMMTIEE ON EFPECT OF O
310 Stainless Steel HEAT NUMBER MATERIAL 310 Stainless Steel HEAT NUMBER
pu—— Cr | Ni L Mn L Si C 1 Fe cr | N | Mo) si| c | 7
cn-'“ ouTion L 24 1 19 21,5 1025 ) Bal couwpostnion | 24,7919, 47 | 1,38 ] 1.6310.19 | Bat
T rer coxY
FORM
WEAT | FoRw
TREATMEWT weat
REFERENCE G t Electric C REFERENCE  Allegheny Ludlum Steel Corporation,
THERNAL CONDUCTIVITY COEPFICEENT OF LINEAR THERKAL EXPAMSION
STV -t TU HR-) aTU Hr-1 TV mm-t
Teur, |rr-2p- O, ry-2r-V | vewr, |ePr-2p-1 Tewr, |ry-2p-1
3 3] ] " [ 2] ] T e Vet | o122 e loT2e Yt a2 -
50, .25 ¥ oo RIS I T tance ¥ | r-Vx 106 Fuance p | r-Vx 108 rance r | p-1x1d france, ¢ [ e-tx
290 500 T 800 9500 4000 1200 L.04 100-500] 8.7 100-1006]_ 9.1 100-1600] 10,0
Yalues i lated fram granh n i ¢ _method Leitz dilatometer; heating rate 5.0° or 5, 6"F per min,
I 1 i 1 | 1 i
DENUTY ASTM-ASHE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
mkon Alloy HEAY WUMBER
e, | wa |we, | uo |ree | o | e, crl i ! ope
F * e ’ N CnecaL
5wt t.95 | T 3.9 1260 couposITION 25 | 12_| par
400 8,59 1 800 1 9, ven cenv ]
Values interpolated from graph,
ASTM-ASUE JOINT COMMITTEE ON EFFECT OP @ FORM
TEAPERATURE ON PROPERTIES OF METALS HEAT
WATENIAL 310 Stainl cel HEAT WOWBER REFERRMCE U, S, Steel.
cr Ni Mn Si o] Fe
omecaL —
COMPOSITION 24 19 2 1,5 | 0.25 | Bal COEFFICIENT OF LINEAR THERMAL EXPANSION
PER CEMT
FORM
AT T o e e
- : oace, ¥ | r=)x 106 { mance ¢ | r-Vx10f Buance ¢ | r-Vx10b Fuance, v | - 108
: 170200 1 8.4 70-600 | 9.3 R70-1000 | 9.7 70-1200] 9.9
serEnEncs | Grucible Steel of Ameri Fo-400_[ 8.9 70-800 | 9.5
REMARKS Nominal Composition taken from DMIC Memo 42,

ASTI-ASAE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

THERNAL CONDUCTIVITY

MATERIAL ¥, WEAY NUNBER
cr Fe
oTU -1 sTUMm-1 sTU NR-1 sTU ;-1 i M
var, |er-2e-1 ] vae, |mra2er | Tee, |er-2r-t }ovewe, | PT-29-0 COMPORITION 2 12 2 pa)
’ Al [ (4] ’ " [ " rER CBNT
200 800 | 1000 10.83
ASTS-ASNE JOINT COMMITTEE ON EFFECT OF -roty
TEMPERATURE ON PROPERTIES OF METALS TREATMENT
MATERIAL 310 Stainless Steel WEAY WUMBER RIFERINCE U, S. Steel,
P Cr Ni | Mn ! 5§ (e} Fe
cowrosmion | 24,44 19.2 11,46 1 1,07 | 0,06 | Bai COEFFICIENT OF LINEAR THERMAL EXPANSION
PER CEMT
FORM e e Tue e
HEAT ) ; rasce ¢ | r-Tx 108 Dmance 7 | o=t x 1ot fance ¢ | e=Vu 106 fuance p | e-¥x 108
TREATUENT [ 10-200 8,4 106 L3 19=1000 9.7 10= 9.9
[ 8.9 70-8 9.5
IRENCS U, S, Naval Enginecriag Exp it Statl polis, Maryland, L0
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FERRITIC.CHROMIUM STAINLESS STEELS

.
® 430S83,08 2
4430 55,083
O 17.2 Cr-Fe olloy, 053
® 446 SS, DS. 6 °
5 /HSOSS
[ ] 7~
/" a a
" e S 2
%
& [
W - J& SJ
., py )446
& 4’24 -
Ty
; 4 /‘
”
n
0
-] 200 500 200 1600 2000 2400
Temporature , F
THERMAL CONODUCTIVITY OF FERRITIC - CHROMIUM STANLESS
STEELS
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WATERIAL
cmecal
couronrion  § 22-14] 0.20 | Ba1
PR ot
TREATMENT

ssPaReNCE  U. 5: Stesl.

faamce \ P 1y s | iy 12w Jonee e | r-tu
Ele'x RANGE, ¢ | P—' X RANGE ¢ 1 P2 RANGE, L]
70-200 5, 70-600 6.2 70-1000 6.6 10-1200 T.8
0. 5.9 ] 10-800 6, 4
ASTE-ASAE JOWNT COMMITTEE On EFFECT OF @
TEAPERATURE OM PROPERTIES OF AETALS
MAVERIAL 430 Stainless Stesi WEAY WMaSR
Cr ! Ma ] Si < Xe
CuiaCAL max,
OOMPORITION 14 ) L 0.J2
PoR CT
TREATMENT

SEFIREDNCE Materisla Data Book No. 1, 1 Electric G

RRAARES Kominal Comgposition taken from DMIC Memo 42,

THERBAL CONDUCTIVITY

e m-1 o | evm-t aTo |-t STV IR
e, (ev-2e-1] e, [rr-2r-1] rae, [rr-2p-t ] TR®, jrT2e)
[] [ [ (4] ’ (4] [ 4]

13,1 600 14,1 14.6 1 15.1
400 13.6
| Yalues joterpclated fram graph,.
COEPPICIENT OF LINEAR THERMAL EXPANSION
e O e ™
Joamce v le-Vxwl lnancer | -lxwl foncer rtzw rleixw
200 1 s.25 L 6oo . 1 s520 % jooo [ 620 Ha400 Vo apd
5.54 AOD 6.00 | f.48
Valuss interpolated from gr and assumed to be instantancous coecificients,
_l_'L'__.LIELI— et |

ASTA-ASEE JOMMT COMMITTEE OW EFFECT OF
TEAPERATURE ON PROPERTIES OF ALTALS

®

MATERAL 130 Stai oy WEAT Wamex
e Crz Mn (] -

CHBMICAL

:Mmu 82.4 } 17.2 {0.254 OI 1021 0,035

HEA

TREATMENT

Siiverman, L.,

REPESBNCY  Various Metals

PP £31-2; As found in WADC Techaical Report 58-476,
13 1id i

"Thermal Conductivity Data Presented for
and Alloys Up to 900 C*, Journal of Metals, Vol s,

ﬁ

Ty m-t sTum-) sTum-1 sTUm-1
e, [rrap-t] rae, lev2rt ] Tee, [rr-2e-1 ) T, |Pr2pa
[ [ad ’ [ad ] [ad [ e
= 12, () 13, 1160 14,0 1520 14,5
160 1z, 800 13.5 1340 14,3 1700 1¢.5
(1) 13, - 980 13,
est method: comparative; rods,
COMMTTEE OM EPFECT @
TEAPERATURE OM PROPERTIES OF AETALS
[UATERIAL 430 Staipless Steel WEAY WUMBER
cr | mn | si Ni © Fe
CReCAL 14.0-| max, {max, | max, | max,
COMPOSITION 0130 110 losoloi2 ] Bal
P BLA 30 1012
m‘
TREATWEWY
WEPMERENCE  Allegherny Ludlum Steel Corporation,
MRMRTE geiting range: 2600-2750 F,
COEPPICENT OF LINEAR THERMAL EXPANSION
e o TR TN
e {rix wavce, v | r-txwh france v | o-txws Jnance p leVx it
68-212 [ 68-1500 | 6,6
SPECIFIC MEAT
wr, [sus-1] roe, [sruisi]] Tae, jors i) Tee, |ete s
[ [ 22 [ #-1 ¥ [ [ [ 2]
(32-212 | o,1%
BLECTRICAL RESISTIVITY
e, [wceows | toer, |wceoms | T, |mcroms § TR, | mcROme
[] a [ a4 ’ i [] o
AR 60.0
ooy
™, (1.1 e, | tscy | TRer, | LBCU e, | s
p-t [ [ r - (4 -l
|_Boom ] 0. 28




COEPFICIENT OF LIMEAR THERBAL EXPANSION
ASTA-ASHE JOINT COMMITTEE ON EFPECT OF @
TENPERATURE ON PROPERTIES OF METALS
NEAT NUMER e _e TOe TENP
e-tush [oavce ® | rtxwd foance r [e-txwf Raance v | e-turef
cr Mo | C 5 ¥0-260 | 5,5 70-600 5.9 70-1060] 6,3 70-12001 6.4
nmcaL . [oe3c0 15,7 Jo-800 1 6,1
couposimion | 17,2 10,254 10,102 10,0351 Bal
FER CEnT
mm Armaaled at 1050 C,
Sl Lo T 1 Conductivity Data P d for
REPERENCE  Various Metals and Alloys Up to 900 C" Journal of Metals, 5
{May, 1953) p, 631,
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF AETALS
THERBAL CONDUCTIVITY T m‘f’L WENT RN
j_Cr 1 St Ee
CWBeCAL
sy m-t 8TV HR-V aTu =) STU -1 COMPORITION 27 1,5 al
Tewe, [FY-2p-V | vew, jrv-2r-t | otewe, jPT-28-) | TEWP, | FT-2P-1 PR CEMY
[ [a] [] [l [] (] [ ]
200 12,8 800 13,4 1200 14,0 1600 14,4
400 13,1 1000 | 337 1400 14,2 1650 14,5
600 13.3 LFORM
HEAT
Values interpolated from gra TREATMENT
REFEADNCE U, S. Steel,
REMARKS
ASTASAE JONT COMMITTEE OM EFFECT o @ COBPPICIENT OF LIMEAR THERMAL EXPANSION
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL 446 Stainless Steel HEAY NUMBER
RANGE, 1 x 108 "', 1210 n::;'zr P=1x 166 FRanGE £ | F-1x 108
Fe Cr c Ma | S e | r-Vx100 faance e | e-ixy L F ) £ x 106 § RANGE,
Qutecas, - 5.5 B70-600 | 5.9 Q70-1000] €3 70-1200] £.4
COMPOSITION 58 10,152 10,0430, 021 [ z0-400 57 290-! bl
PR CONT
TREATMENT
Sil: L., "Th I Conductivity Data P. d for
REFERENCE Various Metals and Alloys up to 900 C*, Journal Of Metals
Vol 8, pp. 631-2; As found in WADC Technical Report 58-476, EFPECT @
1 "Thermophysical Properties of Solid Materials”, — m‘mfwﬂ%mlﬁﬂ or lﬂ'“-?
THERRAL CONDUCTIVITY
MATERIAL HEAT NUMBER
[ Ni_§ Mo Fe -
CWBeCAL "
aTU iV TV -1 7Y -~ BTV AR-1
‘Ter, (FY-2p-0 ] Tewe, |Fr-2e-V ] teee, [Pr-2p-1 | TEWP, |Pr-2p-! COMPOSITION 27 3.5 1 1.5 Bal
[4 (4 [ L r lad [4 lad PER CENT
25:0 lg,z 620 1.1 1160 12.1 1520 12.8
10, 4 800 0.6 1340 12,6 1700 13.3
240 10,9 980 TRC]
n e Jmlg
Jest method: somparative; rod, TREATMENT
sEFEEncE U, 5. Steel,
REMARKS
COEFFICIENT OF LINEAR THERBAL EXPANSION
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF AETALS
SATERIAL _ Iron Allo! WEAT MUMBER
O, e TOe TEW '
Cr | Fe [wance, p | e=Vx 106 france v | #-tx10f Buance, ¢ | e-1x 106 fmance r | r-Yx 18
CHEBMICAL 10-200 5.5 20-600 5.9 . ['%:) 70-120 5.4
COPOUTION 7 Bal, 5.1 20=800 Sal
MR CENY
TREATMENT
QEFERENCE U, 8, Steel
REMARKS
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MARTENSITIC-CHROMIUM STAINLESS STEELS

| T
& Lopelioy,DS 7
403 SS v Lopelioy,DS. 8
0 13 Cr=Fe Alloy, D.5. 13

e~ 18l~, 137 Cr-Fe Alloy, D.S. 19
?(\ x FH.SS,0.S 20 ls
A% B s el
[ J
7 & Iy
. ~ 7
LY
/ <
/ ] )
410 SS = v
7“ 3 -:’k
-
£
‘b
<8 A,
| : ]
5o Y
v \\
,ls Cr-Fe dlioy F.H$$
- i3}
] ° :gg ‘g . %i g 2 400 %00 1200 %00 2000
¢ v 403SS,0S 4 Temperature, F
O 40 SS.0S. 2 THERMAL CONDUCTIVITY OF MARTENSITIC-CHROMIUM
J ¥ B3 Ce- Fe olloy, DS.8 STAINLESS STEELS
Re—
-y < 200 800 1200 00 2000
Temperature , F
THERMAL CONDUCTIVITY OF MARTINSITIC-CHROMIUM STAINLESS
STEELS
30
X F.H Swinless Steel, D.S. 20
1 ¥
x .
%0 7
X
&
100 7/
»
: /
§
4 /
0 /:
1o /,
w /
80
° 00 800 1200 600 2000 2400
Temperoturs , F

ELECTRICAL RESISIVITY OF MARTENSITIC - CHROMIUM
STAINLESS STEEL
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ASTR-ASAE JOINT COMMITTEE ON EPPECT OF
TEAPERATURE OM PROPERTIES OF METALY

WATERIAL irop Alloy WEAY WOMER

Al 2 .06 1 Bal

CORFFICENT OF LBMEAR THERMAL EXPANSION

™. TheP

iz Feance v | -V 218 France ¢ [ o-1x10f u'mlbr rixed

60 J70-800 | 6,5

Yoy

[BANCE, P | RANGE,

10-200 5.7 ] 70-600 | 6,2 70-1000 1 6,7 70-1200] 6,8
| 10400

ASTA-ASAE JOINT COMMITTEE ON EPPECT OF
TENPERATURE ON PROPERTIES OF METALS

®

[WaTemiaL 403 Stalslevs Steel WEAT WUMBER
Cr Mo Si [+ Fe

cuwcuno Lits |1 Loslos | eu

TREATMENTY

KEPERDNCE

Matezials Duta Book No, 1, General Electric Company,

THERSAL CONDUCTIVITY

sTe -t stem-1 Ty NR-1 STV a1
™wme, jri2r-l | e, [FT2r-10 TEwe, [FY-2P-1 | TEMP, |PY-3P-)
v ” ’ [ ’ [l [ lad
e
200 1 14,130 15,541 8 1 16. 831 1200 12,50
[_¢00 14,874 | 800 16,166
Yalues isterpolated £xaph,
COEFFICIENT OF LMEAR THERMAL EXPANSION
o TOe O TENP
ey, 9 nance ® | -V x el france £ | e-tx 106 foance p | r-Vx 108
200 §60 5, 72 1060 £, 60 1400 6,75
400 5,61 800 6,20 § 1200 6,72

Yalues interpolated from graph and assumed to be instantancous coefficients,
e

ASTR-ASEE JOBIT COMMTVEE ON EPFECT OF
TEAPERATURE O PROPERTIES OF METALS

©

i'

403 Stainless Steel HEAT WUMBER
Cx c ba]
CanacAL h—p max
COMPOSITIR 11, 8 1 &5 0,15 Bal
_— o
R CBIT

]

TREATHENT

SEPEEMNCE Usiversal Cyclops Sieel Corporation,

REMARES Nemisasl Composition taken from DMIC Memo 42,

82

THERMAL CONDUCTIVITY

sTum-t oTY i~V sTum-1 STV MR-t
Tow, [rr-2e-1§ vowe, {(er-2e-1 8 Tawr, [erdeat | tee, [rr-2e-t
’ " [l [ [l [ "
FI¥) 164 32 ST
COEFFICIENT OF LINEAR THERRAL EXPANSION
TONP Towr ™o TEur
aance P | #-Vx 108 [ mance k] #-Vx 108 mance ¢ | e~V x 108 France ¢ |-V x wf
- 5,5 70-600 5.6 10-1 6.4 370-1200] 6.5
ASTE-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL i e NEAT NUMAER
Cr c Fe
QAL
COMPONTION 12,01 0,15 1 pat
PR CENT
m!
TREATMENY
Jerry E. Evans, Jr., "Thermal Conductivity of 14 Metals and
EEPERENCE  Alloys Up to 1100 §, Lewis Flight Propulsion Laboratory,
: NACA Research Memorandum RM E 50107, March, 1951

THERNAL CONDUCTIVITY

Foru et BTV HR-? BTV R} oTU Ha-1
toer, [rr-2e-1] Tewe, |ev-2r-t] tewe, |ev-drel | otewe, |PT-26-0
[ [a] [ (ad [] lad ] ad
310 15,7 (1) 15,3 800 14.9 1000 14.6
400 15,6 700 15.2 900 14,75 1050 14.4

15.5
daj €n L e St QU
ASTI-ASHE JOINT COMMITYEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL 403 Stainless Steel WEAT_NWUMDER
Cr Ma, c Fe_
CWBMCAL ik Thax.
:a:outnl 11.5 1105 |o.15] Bal
LEQRM,
REAT
TREATMENT
QEFERENCE  General Motors Corporation, Allison Division,
REMARKS Nominal Composition taken from DMIC Memo 42.
COEFFICIENT OF LINEAR THERMAL EXPANSION
TOMP o e O
mance, P | e~V x 108 § mance, p | p-V x 108 I mance F | k=Y 108 Brance ¢ | r-1xreb
704400 s.q 170-800 61 70-1200 | 6.4 70-1400 1 6.4
20,400 b0 20.1000 A3




ASTR-ASAE JORNT CORMITVEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS

MATERIAL 40) Stainless Steel

WEAT NUMBER MATERIAL T;og EQTQ Alloy-=Lapelloy HEAY MABER
Cr Mn Si K Fe Cr Mo Mn Ni C $i A4 Te
omeca i cnmscaL
COMPOLTION H 1 0.5 1035 COMPOSITION 12.0 t 2.75 1.0 } 0.3 0,301 0,251 0,25 1
uul
TREATMENT TREATMENT

REPERENCE  Haymes Stellite. SSPERDNCE  Universal Cyclops Steal Corporation,

BEMARKS Melting range: 2700-Z790 F. BEMARKS Nominal Composition taken from DMIC Memo 42,

0BTy THERRBAL CONDUCTIVITY
oty -1 sTUMa-? sTom-V sTUm-1
o, |rrar-t ] vee, lerdr-1 ] TR, |FT-2p-1 | TP, |PY-2p
™e, (TY.-1] e, | sow | e, [TY.] e, | bW » P 1 Pt ’ P2 ’ T
£ 3 £ - t LT L. 10 13.8 15.8 1200 2
[Reom | 0,28 800
Data d to he at xoopa
1 1 1 I ) | -l
COEFFICIENT OF LBMEAR THERMAL EXPANSION
ASTI-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
ron-Base Alloy=-Lapell WEAT_WUWBER TOr THe oL T '
aanct, b | V2108 Jrance r |-V wf Juance ¢ je-Vxwé Faamce, e | retx e
~Cx ]l Mol Mo c L4 i Es = rwl 70-600 6.2 70-1000 | 6,5
cowroumone | 32,0 2,751 3,0 10,30 ) 0,300,258 10,25 | mal
MR conv 1 ASTA-ASEE JOINT COMAMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
Eons WATERIAL  Json Alloy—-SAE 51338 WEAT NMSER
TREATRENT cr -
RIPERENCE  Thomsos Lab, Dmta, Electric C. y m_'m 2. '
en cent
Comp ion taken from DMIC Memo 42,
PORM
WEAT
THERMAL CONDUCTIVITY TREATMENT
SEFERENCE U, S. Steel,
l‘l!. ll-" I?I_l: -ll ITI_I. m—: (1L n-'!
™e er-29-1 | e, |rr-2e-1 ] Tow, [sr-2r-1 ] e, erae
r ' ” [ T ) T . I COEFFICIENT OF LMEAR THERMAL EXPAMNSION
260 14,46 600 15,10 } 1000 16033 ¥ 1200 17,08
0 4.1 800 15. 67
™ e e A4
e lrtuws feance e | ot Juance e | 1ol foance o | relx
COEFFICIENT OF LINEAR THERNAL EXPANSION o W3 70-600_ b2 20-1000 1 6.6 70-1200 6.2
0-400 5.9 70-800 6.4
ASTA-ASHE JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS
TORP TEwe TEr

joance, ¢ | #-Vx 108 [ oance ¢ | -V x1ef france ® | r-1x 108 rlr-lxwt
=200 | 147,5 [70-600 | 164.0 | 70-1000 | 191.¢ § 70-1200] 226.5
- 154,5 §70-800 | 16,5 § 70-1200 | 208,0 -

ron All WEAT NUMBER

Values interpolated from graph

o, wecy | vee, scy e, wuw e, o REPEREMCE U, S. Steel,

COEFFICIENT OF LBIEAR THERMAL EXPANSION

TOw e TOP Towr

s-ix1h France ¢ | r1x 108 Juance s { =12 nance, F | =118
70-200 [N 20-600 6,2 70-1000 6,6 10-1200 1 6.8
16-400 5,9 X 70-800 1 6.4
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ASTA-ASHE JOINT COMMTITEE OW EPFECT OF @ ASTA-ASHE JOINT COMMITTEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS TENPERATURE ON PROPERTIES OF METALS

[ MATERIAL  Jrgn Alloy=-SAE €14)0 HEAT NUMBER [MATERIAL 410 Stainless Steel HEAT HUMBER
Cr Es cr i, [+ Ni Fe
Ma_} Si
cowponiTion | 12,5 | Bal couronTion 112,781 0,36 10,07 1 031 | 0,01 1
oA CaNY PER CENT
Bar
WEAT
TREATMENT by yoccification, TREATRENT
“Report on Materials for Use at Liquid Hydrogen Temperature”, ‘ 5 §
fereREnce Prepared for the 63rd Annual Meeting of the American Society agrenonce U, S, Naval Engineering Expsriment Station, Annapolis, Maryland,
fox _Testing ials -
COEPFICIENT OF LINEAR THERMAL EXPANSION COEFFICIENT OF LWNEAR THERMAL EXPANRSION
e e TRuP TENP g TRUP TEwP TEMP
aance, ¢ I o-Vxyof Juance ¢ [ e-Yx108 Fance ¢ |- x 108 fmance ¢ | r-1x 108 mance, p | #-'x 108 | mance, ¢ | e=' x 10 Prance, ¢ | e-Vx10f Jmance r | r-Txeb
18-(-104) 5.1 78-(-}29)1__1._Q_M 3,9 100-500 6,3 100-1000 " 6,7
ethod: absalute, Leitz dilatomneter; heating rate 5.0 or 5, 6 F per minute,
ASTA-ASUE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS ASTA.ASME JOINT COMMITTEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATRRIAL 410 Stainless Steet : HEAT NUMBER
- MATERIAL WEAT NUMBER
cr | si {ma Ini | c ce I n P_| Fe —— a.Allex
CHEMCAL N
. Cr Mn [ Cu Al P
couPoNTION  112,6 10,36 10,32 10,12 10,09 10,06 10,03 10,01 ] Bal CHEMICAL
PER CRNT couposiTIONn | 12.95] 0,25 | 0.17 j o, 14 { 0,13 | 0,06 [0, 034 |0,024 |0.018
PER CENT
As | ¥ Fe

.nq 0,015 0,012 | Bal

HEA

TREATMENT o

MEAT Annealed at 750 C
Powers, R, W., Ziegler, J. B, and Johnston, TR 264=6, TREATMENT .

REPRREMCE - Cryogenic Laboratory, Ohio State University, 17 (1951); As found - Powell, R. W., "The Physical Properties of a Series of Steels,
in “A Compendium of the Propertics of Materials at Low MEPERENCE Section 111d. Notes on the Estimation of Thermal Conductivity of
Temperatures, Phase I, Part II, edited by Victor J, Johnson, els” J 1 eel Insti
N.B.S. Cryogenic Engineering Laboratory, Bould:r, Colorado
{December, 1959),

THERRAL CONDUCTIVITY
TMERNAL CORDUCTIVITY
aTU IR-T oTy -1 8TU a-t oTu Ka-t
e, |Fr-2par | vewe, |Pr-2e-' | vewe, (rv-2e-t | oTvewe, |Pre2eed
'“.'z ol-" "I-lz ln-: (31 n-: STU Kr-1 [] [4J ¥ 44 » (A F [
vBe, [FTE-l] e, (rrie Ariatl Bl Linday 53 60 6.1 _J 1200 | 15,2 | 1sc0 | 160
=T 53 '3 o7 = v 5 R 20f 5.7 800 15.9 1418 14,2 2150 17,7
— 2 z = = 15, 40 6,0 1000 13.5
=338 6,24 =316 10,98 -190 14,2 - 10 15.1 —
Yalues interpolated from graph,
alues interpolated {Tom graph, ——!_-_!Ll_[x_L | 1 1 1
I I} = N I I |

COMMITTEE ON EFFECT OF
ASTA-ASME. JOINT COUMTTEE ON EFFECT OF @ ATIAPERKTURE OW PROPERTIES OF KETALS
TEMPERATURE ON PROPERTIES OF METALS
SATERAL Ao SeaTies s et AT RORER MATERIAL ron Alioy--418 HEAT NUMBER
[ MATERY
X . for w Ni < Fe
Cr Mn St C Ni Fe CHEMICAL
CuescAL mod 113,091 3,011 ) [
cowrosmion | 12.2 lo.43 § 0351015 | 0.2 | Bar Pgianbin L0 25,1013 | Bal
PER Cany
PORM
G "HEAT
TREATMENT TREATUENTY
FERENCE V. S. | Engineering Experiment Station, Annapoli tand,
REFERENCE U, S, Naval Engineering Experiment Station, Annapolis, Maryland, e V. S. Naval Engineering riment Station polis, Maryland
e REMARKS
COEFFICIENT OF LINEAR THERMAL EXPANSION
COEFFICIENT OF LINEAR THERMAL EXPANSION
’ TEMP TRMP TEwr Teue
Tenp TEur TEMP TENP mance ¢ | r-Vx 108 Buance ¥ | p-1x 108 fuance, ¢ | F-Vx 108 Brance ¢ | p-Vx1ob
mance, ¢ 1 o-Vxof France, ¥ | r-1x 108 | mance, ¢ RANGE, ¢ | £=) x 108 100-500 | 6,1 100-10000 6.4
100-560_| 6,6 100-1000] 6,7
. Method: absotute »itz dilatometer; heating rate 5,0 or 5,6 F per minute
Method: absolute, Leitz dilatometer; heating rate 5, T or 5.5 F per minute,
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ASTM-ASHE JOINT COMMITTEE:  ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

©

MATERIAL __ [rop AlloyesReristal 308
Cr w Ni c Fe

HEAT NUMBER

CHEMICAL
COMPOUITION 13.23{ 3.09 10,27
rER CENT - .

0,10 | Bat

FORM
WEAT
TREATMENT

REPERENCE U. 5. Naval Engincering Exporiment Station, Annapolis, Marytand,

COEPFICIENT OF LINEAR THERMAL EXPANSION

Tewr

oW TEw Teur
manct, # | F-Vx10d Emance ¢ | #-Vx 108 dmance, ¢ | e-Tx 108 lmance. ¢ | -t x10f
100-300 } 6.2 100-1000] 6.5

ethod: absolute, Leitz dilatometer;

cating rate 5.0 to 5.6 F per minute,

ASTA-ASHE JOINT COMMITYEE ON EFFECT OF
TEMPERATURE ON PROPERVIES OF METALS

MATERIAL Iron Allo: HEAT NUMBER
Cz c st Mn | Fe
CHEMICAL
CONPOUTION 23,5 1 0,3 0,22 S, 131 Bal
PER CENT
HEAT "
TREATMENT Heated to 950 C, oil quenched, rcheated to 450 C, air cooled,
deNobel, 1,, Physica, 17, (1951) pp. 551-56Z; As found in
REFERENCE “A Compendium of the Propertics of Materials at Low
Temperatarcs, Phase I"* Part n, adited by Victor J, Johnson,
NBS Cryogesic Engineering Laboratory, Boulder, Colorad
(December, 1959),
THERMAL CONDUCTIVITY
TV r-t oTU -t BTV -1 STY Hm-1
TEMP FT-2¢-t TEaP , rT-2¢-1 TEuP , T-2¢-1 TEMF , Fr-1¢-1
L4 T 4 T r (44 L4 "
=433 0,92 =388 .18 =316 5.95 =2 6,93
=424 1,39 =352 4,10
Values interpolated from graph,
1 | 1
ASTH-ASME JOINT COMMITTEE OM EFFECT OF .
TEMPERATURE ON PROPERTIES OF METALS
| MATERIAL 1ron Alloy HEAT MUMBER
Cr LN { Ma 1S c Fe
COMPOITION 13! 65 0E n 0E zg -04711 0, 27 JB=al
PER CENT
| PORM
HEAT
TREATMENT  Annealed at 725 C.
) Powell, R, W,, "The Thermal and Electrical Conductivitics of
REFERENCE  Metals and Alloys, Part 2, Same Heat Resistant Alloys From
0-800 C", Proc, of Physical Society, 48 (1936) p, 381, L

THERRAL CONDUCTIVITY

sTU -1

BTU Np-t BTU HR-1 STV HR-1
Tewe, | PT-2F-V } TEWP, | PT-2F-1F TEWe, (PY-2F-1 ] TEWP, [PT-2P)
[ (i [] [l [ [ [ [a]
0 14.2 600 14,8 F 1 14.8 1400 13,9
| 200 J4.4 J 800 13,8 § 1200 14,4 1500 13
400 1 14,6
& reelated fro
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ASTI-ASHE JOINY COMMITTEE OM EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

| MATERIAL He stainlces Steel HEAT NUsBER
Cweec (v 4 NL Mn [} S P Fg
composiToM 113,69 1 0,371 0,291 0,22 1 0,27 3 2 Bal
rER CENY
FORM,
WEAY
TREATMENT Air hardencd = 940 C, Tempered 725 C,
Powell, P, W,, “"The Thermal and Electrical Conductivities of
REFRRENCE Metale and Alloys: Part 2, Some Heat=Resistant Alloys From
0 to 800 G, Proc, of the Physical Society, Vot 48 (1936} p, 361,
THRERMAL CONDUCTIVITY
TV Nm-? BTV -1 sTU MR-1 STV NA-1
Tewe, |rv-de-t | oreee, [ev-2eet § orewr, (PV-26-1 | Tewe, |PT-2eet
4 " L4 T [ 4 T 4 "
32 {140 572 4,8 932 14,8 1292 14,3
212 14, 152 14.8 1112 14.8 1472 (14.8)
392 13
Method: comparative, .
ELECTRICAL RESISTVITY
oNe, SHCROM. ENP, MICROHM- TENP MICROHM. Teue , MICROMM-
L (<] L4 (=) r [< ] ¥ [< ]
32 {55, 0} 592 80,2 932 97,0 1292 14,1
212 £3.4 152 1112 105, 6 1472 {122
|—392. 118
Mo thod 1 dron,
1 1 | | ] 1 1
ASTM-ASME JOINT COMMITYEE OM EFFECT OF @
TENPERATURE OW PROPERTIES OF WETALS
JMATERIAL _ [ron Alloy=-SAE 5170 HEAT NUMBER
cr Fe
CHEMICAL
CONPOSITION ) v Bal
PER CENT
FORM
HEAT
TREATMENT
REFERENCE U, S. Steel,
COEFFICIENT OF LMEAR THERMAL EXPANSION
e Tule TEMP
wance, ¢ | #-1x 108 france, £ [ w-x 106 fmance, ¢ | e-1x 108
20-600 bl 20-1000 6.5 10-1200 £.6
10-800 6,3
ASTA-ASME JOINT COMMITTEE OM EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
| MATERIAL Alloy Stcel AMS 5630 SAF 5144 HEAT NUMBER
Cr [+] Mo Fe
CHEMICAL
cowromimion [ 17 11,1 jos Bal
rER cenT
[ oy Bar
REATY Per specification,
TREATMERT
f— “Report on Materials for Use at Liquid Hydrogen Temperature',

Prepared for the 63rd Annual Meeting of the American Society

for Testing Materials,

COEFFICIENT OF LMEAR THERMAL EXPANSION

Tewr T™e TEwe TN
nance, ® | r-tx g I mance ¢ | p=1x 108 [mance, r | o=V x 108 fmance e [ r-tx1ed
2803030 5.2 Rla-(-a;000 4.5

78-(ﬂlﬁi 4.0




Btu he' 112kt gt

AGE HARDENING STAINLESS STEELS

" T T

4 AM 355,053

® AM 350,DS.1¢

V 7-4 PH, DS 24 a
B0 7-4 PH, DS 25 g T4 PR

¥ 17-7 PH, DS 28 / +17-7PH

+ [7-7PH,DS.29 AL

© (7-14 PH, D.S. 41 P AM 350
2I-0 17-14 CuMo, DS 42 77T 7 AR 355

/7
o /37,
HE 7
/) 17-14 Cu Mo
o/},
y A
] L / 7
4
’ ‘;/)
7
=0 200 400 600 800 1000
Temperoture, F
THERMAL CONDUCTIVITY OF AGE HARDENING STAIN-
LESS STEELS

PH I.'!-‘l Mo, D.$'>. 1

PH I15-7 Mo, D.S. 2

AM 355, 0S. 3

AM 350 anneoled, D.S. 12
AM 350 hardened, D.S. 12
AM 350, 0.8 19
7-4 PH, 0.S. 26
7-4 PH, 0.S. 27
f7-7 PH, D.S. 30
7-7 PH, D.S. 31
77 PH, DS. 32 /; AM 350

/ / AM 355

|

L

JDO.

130

8
.OK;.#O

10

Microhm-em
3

3
.

0 .
0 300 600 900 1200 1500

Temperature, F

ELECTRICAL RESISTIVITY OF AGE HARDENING STAIN-
LESS STEELS
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TEAPERATURE O PROPERTIES AETALS
HEAY MUMBER
Al Ma e Fa
CHmECAL max, | max,
COMFONTION 15,01 7,0 2.5 Lo Ja00 L Jo00 L 0,03 L RBal
R Gt

Annealed ¢ 1400 F = }=1/2 hrs, = cool to 60 F within 1 hour +

TREATMENT 1050 F - 1-1/2Z hrs, - air cooled.
BEFERENCE Armco Steel Corporation,
REMARKE Nominal Compoasition taken from DMIC Memo 42,
COEFPFICIENT OF LNEAR THERSAL EXPANSION
e TRe THE TRe
lance e | r-"x108 foance, s | -V x1of mance v [ r-12106 Juance, ¢ | v-x 1o
70-200 €1 70-600 6.1 J70-900 6.5 20-1000] 6.6
70-400 6.1 70-800 6.3
ELECTRICAL RESSTIVITY
Tour, jcnoms | Tae, |smceons | o, |wmcwons | vewe, | wmcmoms
[ ] [ o ’ o [] [
_RBeom | 92
|____Data sssumed to be at room te;
oy
e, oy T, | By JTEe, | B e, | o
[ [ [ [T [d [l [ =1
| Room | 0,277
Data assumed to be at room temperature,
| 1 I | 1 i |
1 1 1 | | 1 |1 1
ASTA-ASHE JOINT COMBITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF AETALS
MATERIAL Iron Alloy~~PH 15-7 Mo WEAT NUMBER
cr | m Mo | At } me | si c Fe
cowrosimion [ 5.0
2.0 1 211013 100 10,09 1 Ral
rER COMT e
L FORM
NEAT .

TREATMENT _ refrigerate at =100

Annealed + 1750 F = 10 minutes = cool to room tempentun,

=8 hrs, 4950
BRFEREMCE  Armco Steel Corporation,

REMARKS Nominal Composition taken from DMIC Memo 42,

COEFPICIENT OF LINEAR THERMAL EXPANSION

0-200

O O, TP
£ _Je-Vx1of Juance p | e-Vx10f Qoance ¥ | e-1x10f Fuance ¢ | p-1x 106
5,0 70-600 5, 790-900 | ¢.0 20-1000] 6.1
5.4 70-800 ] 5.9

Tour, [oCROms § TEWP, | mCROMM- | TRMP, [ WNCROMS | TEMP, | MCROMM.
[ [ ’ cu [ c ’ o
m 83 _
Data assumed
I II l 1 I 1 1
oBsITY
NP, (1 Y- ] o, (L Y- =S, o (£ 1]
[ ] -t [ d -1 L w1 -t
Room Q.211
Data assumed to be at room temperature,
1 1 1

ASTE-ASME JORNT COMMITYEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

®

MATERIAL v, 355 HEAT IMSER  3333]
. cr ! Ni | Mo | Mn c I'n si P s
couposmon | 13,50] 4,43 12,65 1 0,85 19,129 10,102 | 0,98 40,020 Lo, 010
e
1. Bal
£

Thrs, at 1375 ¥, aar cooled and 1 hr, at I7I0F, water q\leuEea
TREATMENT and 3 hrs, at ~100 F and 3 hrs, at 850 F, air cooled,

REPERENCE  Allegheny Ludlum Steel Corporation,

Ttlﬂu pn(ormcd at Armour Research Foundation nsing Po-tll
REMARKS disk Temp difference

ined at app 1y 15 F during tests,

THERSAL CONDUCTIVITY

T m-1 STU o1 a7V -1 sV m-1
TR, |[rr-2e-1] vop, |er-2r-1] YEur, |[pr-2r-l | TEMP, jPT-2p-t
[ 4 ” rF (4] L4 (4] [ 4 Y
[~ Too I3 L1 5.9 0.7 LLL .2
200 , 18 500 10.3 700 11.2 900 12.0
300 52
=
ELECTRICAL RESSTIVITY
e, |wooms | vewe, [wcvoms | Tewr, |mcxoms | toer, ] mcroms
[ 4 -] [ (- r (-] ¥ o
80 15, 400 85, 100 93,8 000 102,7 ]
200 79, 500 88, 00 98,7 200 106,0 ]
300 82, 600 90, 00 99,7 400 109.8
ASTU-ASHE ON EFFECT OF @
TURE ON PROPERTIES OF METALS
[ MATERIAL Irea =AM 355 HEAT MUMBER A-83331
Cr 1 2§ | C N2 | Si P s
pu— LMo L Msp
cowosnou Lisssl 4,45 2,65 005 Lo.izolc 0z 0,00 Lo 020 0. 0lo
PER CENT
Fe
Bal
Hammer forged to billet, bot rolied to 2" dia. and 4™ sq, bar,
HEAT 3 hrs. at 1375 F, air colled + | hour at 1750 F, air cooled +
TREATMENT

3brs, at -100 F + 3 hrs, at 1000 F,

BEFERENCE  Allegheny Ludlum Steel Corporation,

COEFFICENT OF LINEAR THERRAL EXPANSION

TEw THE TEur TEP

nance, #_| -1x 0 foance v | e-'x10f fuance ¢ | o=V x10h Juance r rixef
(= 5.2 70-392 | 1.2 |70-152 7.5 70-1112] T.§

70-212 7,0 70-572 | 7.5 [70-932 7.6 _g70-1832] 1.8




ASTI-ASHE JOINT COMMITTEE
TESPERATURE ON PMR‘I’!!S " l!l'Al.l

©

[MATERIAL _ 1ron Alloy--AM 355 WEAT WUMBER b 83368

(42 Ni Mg Mn C N2 P S
CHnacAL
CONPORITION I5!66 4.35 12,72 {090 0,14 0,12010,1201 0,23 i¢. D15
rer Ciwt

Fe

Bal

Hammer and forged to billet. hot rolled to 2" dia, and 4" sg, bar,

WEAT

3hrs at 1375 F, A.C. + 1 hr, at 1750 F, A,C. + 3 hrs at =100 F +

TREATMENT 3 hirs at 1000 F,

BEPERENCE )i yheny Steel Corporation.

COEFFICIENT OF LINEAR TNERMAL EXPANSION

TP TP TEWP TEMP
mance, ¢ [ e-Txioh Foance v | p-Vx 108 Twance k| e-' x 108 Hmance ¢ | r-tx 1o
20a(a20)] 5,7 76-392 7,0 70-752 7.7 7j0-1112] 7.8
10-212 .8 10-572 1.4 10-332 1.7 70-1832 8.4
ASTA-ASME JOINT COMMITTEE ON EFFECT OF @
TVEAPERATURE ON PROPERTIES OF METALS
MATERIAL ron Alloy~~=AM 355 HEAT NRUMBER 92370
. Cr Ni Mo Mn i [} N F:
j |_Mn_| Si <
COMPOSITION 15.44 | 4,35 12,74 ] 0,95 } 0.37 | 0.14 | 0,10 Bal
PER Cant
| FORM .
WEAT 20 minutes at 1750 F, air cooled + 3 hrs, at -100 F 4+ 850 F,
SREATWEMT 3 hrs, air cooled.
REFERENCE  Allcgheny Ludlum Steel Corporation,
Tests were run in a q hing  dil during heating.
REMARKY Heating rate was 250 F/hr,
COEFFICENT OF LINEAR THERMAL EXPANSION
TEP TP TEwr TEWP
mance, | r-Vx ol [ mance F | eV x 108 France £ [ #-Vx 105 Qmance, r | r-tx 108
10-212 [ %) 70.572 6,8 10-932 1.2 70-1832 1.4
70-392 6,6 70-752 7.0 70-1112 a2
ASTA-ASME JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL n Alloy==AM 355 REAT NUMBER
Cr Ni Mo Mn [+] N P S Fe
COMPONTION 15,50 | 4,39 2,67 10,65 Jo,12 0,05 Jo 025 10,012 Bal
PER CENT
onn Structure essentially tempered martensite,
] Equalized and overtempered: 1375 F, 3 hrs. air cooled + 1050 F,
TREATMENT .3 hrs, air cooled and ) hr, water quenchrd and 3 hrs, at ~100 F
and 1000 F, 3 hrs,, air cooled
REFERENCE Allegheny Ludlum Steel Corporation,
N { Composition taken from DMIC Memo 42,
DENSITY
TR, Lscy TEMP sy TEMP Lecy TEWP LecCu
] -1 [ -t .4 m-1 ] -1
[ foom | ©,261%
Data assumed to be at room temperatur
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ASTA-ASME JOINT COMMITTEE OM EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

MATERIAL Al A HEAT MMSER

Cr N Mo Mn c N | S Fe

15,50 4,39 | 2,671 0,65} 0,12 } 0,05 |0,025 0,012 Bal
— e emrr—

Structure essentially tempsred martensite,
NEAY Equaﬂzea and overlempered: 1375 ¥, 3 hrs, ait cooled # IUS0 F

TREATMENT 3 hrs, air cooled 4+ 1710 F, 1 hr, water quenched and 3 hrs, at
=100 F and 850 F, 3 hrs, air cooled,

Allegheny Ludium Steel Corporation,

REFERENCE

REMARKS Nominal Composition takea from DMIC Memo 42,

DENUTY

TEWP , [N X}
] - )
Room 0,281}

Data assumed to L at Toom temperature, .
] | I I 1 1

ey
m-t L4

(4 X
M-1 ¥

oy
m-1

ASTA-ASME JOINT COMMITTEE OM EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

©®

MATERIAL lron Alloy=-=-AM 355 HEAT NUMBER

Cr Ni.
15, 50

Mo

Mo
4,39 12,67 10,65 0,05 | 0,02510,012

PER CENT

FORM Structure essentially tempered martensite.
d

NEAT Equali p d: 1375 F, 3 hours, air cooled ¢
TREATMENT 1950 F, 3 hours, air cooled,

REFERDKE  Allegheny Ludlum Steel Corporation,

SBMARKS  Nominal Composition takes from DMIC Memo 42,

TENP e Cy
[ n-1 | J
Room 90,2824

[Ty
w1 f

[T ]
m-1 4

[ 1]
-1

Data assumed to be at room temperature,
I | I I 1 1

ASTR-ASME JOINT COMMITTEE ON EFFECT OF
TENPERATURE ON PROPERTIES OF METALS

MATERIAL ron_Alloy==AM 355 HEAT MUMBER 21683
Cr Ni Mo Mn (v Si N ) 4 S
CHEMICAL
COMPOSITION 15,50 ] 4,39 2,67]0,65 |o.12 10,07 |0,05 te, 025 (g:
PER CENT
Fe
Bal
HEAT 3 hrs at 1375 F, air cooled and 1 hour at 1710 F, air cooled and
TREATMENY 3 hrs at =100 F and 3 hra, at 1000 F, air cooled,
REPERENCE  Allegheny Ludlum Steel Corporation.
BAGNETIC PERMEASILITY
TEWP PERME- TEWP , PERME. TENP PERME. TEMP, PERME-
L4 ABILITY 4 ABILITY F ABILITY ¥ ABILITY
70 11,508 200 11,408 300 11,208 500 10,608
Induction at 200 Qersted, Values pot at saturation




BAGNETIC PERNEABILITY

NP , PERNE. TEwP PERME. TEwW PERME. TEmP | PERNE.
¢ ABRITY 4 ABILITY L ABILITY ¥ ABILITY
Room 150 200 156 300 A55 500 151
|_soom,
Saturation -~ Gausses at 200 Gersteds,
1 5 1

©

ASTA-ASME JOINT COMMITTEE OM EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

MATERIAL llov=-AM 350 WEAT WOMRER 1282
Cr Ni Mo Mn N ] Si P S
CnmacAL
CONPOSTION &7] 4,57.] 2,76} 1,01 j0.116 0,108 0!06 0, 026 [0, 019
PER CEMT e
Fe
Bat

1 hour at 1750 F, water quenched and 3 hrs, at =100 F and 3 hre, at]

TREATMENT 850 F, air cooled,
REFERBNCE  Allegheny Ludlum Steel Corporation.

N Testing performed at A R h Found. using Powell
BEMARKS ked disk hod, difference through specimens

maintained at amrodmnelx 15 F during tests.

THERBAL CONDUCTIVITY

sTu -1 sTu -1 76 im~t 7Y M-1
Tew, jrr3r-1 ] v, |PT-3r-1) TR, |PT-2) | TEWP, |FT-2p-)
[ (4] [ 4] [ (A [ (A
100 . 38 400 9.81 €00 10,8 800 11,7
200 . 87 s00 | to.3 700 11,3 900 12,2
300 N
ASTI-ASHE JOINT COMMITYEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL Iron Alloy«-AM 350 HEAT NUMSER

Cr 3 Ni | Mo 1 Mn [ Si L3 Ks

COMPOTTION 17,041 4.2 | 2.75 I&6{! 0.40 | 0,08 Bal
=

GEFERDICE  Allegheny Ludlum Steel Corporation,

COEFFICIENT OF LINEAR THERMAL EXPANSION

B TOe
ee Jrtxwh RANGE, F | F-1 x 1of
70-1000_| 9.00 7021000 | 7,10
70-1400 [ 9,38 70-1400 | 6,72
[70-3750 | 9,91 _ 20-17 2,63
ELECTRICAL RESKTIVITY
e, | mcnome T, | MCROMS
v 1] ’ o™
Room 10,97 Room 82,11
A Tad lardeped
‘_EL'“MWTL_T'L%.M%&""
I x_ |
DENSITY
e, | Loy free, | bbow | ree, | ey Tew,
] =t r [l | N-1 [
Room | 0,286

89
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ASTA-ASNE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

WATERIAL _1ron Alloy=--AM 330 WEAY WUMSER _ 18240

[¢}3 Si C. N Fc
CHRMICAL ‘
CONPORTION lbl 504,30 12,75 | 0,80 ]0.25 D‘IB &lo L‘l
PER CentT
ﬂllg
TREATMENT
REFERENCE  Allcgheny Ludlum Steel Corporation,
REMARKS Nominal Composition taken from DMIC Memo 42,

COEFFICIENT OF LINEAR THERMAL EXPANSION
B The TE TEwe .
ance, ¢ | e-Vx108 {mance v | r-'x 10t Qmance ¢ [ r=1x 108 Fmance p | et x et

212 6,0 932 6,6 1819 7.4
A d 20 be socfficient,
1 [ 1 | 1 |

ASTI-ASHE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

©

MATERIAL ron Alloy-=AM 353 NHEAT WUMBER 1744
Cr N [od Ee

M | Mo | Ma si e
;ﬁmm 16,28] 4,23 | 3,08 | 1,13 nlloo 0.3; 01 m

uu! 3 bra, at 1375 F, air cooled and 3 hrs. at 1050 F ur -:ool—d
TREATMENY  Anneal ) bz, at 1710 F, air cooled and 3'hrs at = 3 hre,

At 850 F, air cooled

REFERENCE  Allegheny Ludlum Steel Corporation,
COEFFICIENT OF LIMEAR THERSAL EXPANSION
He IS Tow o
v |s-1x108 Joance # | rVx10f fmance ¢ | P-Tx 106 fmance F | P-Vx10f
= 52 702572 A 112 | 7.6 70-150 A
0-212 b b 70-752 4 -1150 6 70-17C N
1.0 ] 70-932 5 =13 2 70-183
ASTI-ASAE JOINT COMMITTEE OM EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
——
MATERIAL Tron Alloy==AM 350 HEAT NUWMBER
cr | N Mo | Mn c N si Fe
couronition 115 84 1425 | 2761 0,68 10.1313] 0008l 007 ]| pat
reR cEnt

[_q Hammezx forged to billets, hot rolied to /2 inch dia, bars,
HEA 3 hrs, at 1375 F, air cooled, and 3 hra, at 1050 ir coaled,
TREATMENT  Angeal | hr, at 1710 F, air coolad, and 3 hrs, at =100 F, and

3 hours at 850 F, air cooled

REPERENCE  Allegheny Ludlum Steel Corporation,

COEFFICIENT OF LINEAR THERMAL EXPANSION

TENP TENP 4 Temr
|oance e |e=Vx10f Erance, s | o=V x 106 Boance, p | #-tx 106 Jrance, ¢ | #-tx 108
4,7 70-572 R TNYTE 8 Wio-1500 5
0-212 5.9 702752 .6 J§70-1150 .8 _J70-1700 1 7.2
170-392" 6.2 10-932 B J70-1 2 018w ] 2.5




ASTE-ASEE JOINT COMMITTEE OM EPFECT OF @

ASTI-ASAE JONT 0N EPFECT @
TEAPERATURE OM PROPERTIES OF AETALS TURE OM PROPERTIES OF METALS
Jzon gl?--m 350 WEAY WAAER 69443 MATRRIAL 8 Atloy-—AM 350 WEAT wamiR_ &
Lr. NL_{ Mc | Ma { 5i < N Ks cr | ! Mol Ma c R S Ke
16,50 1 4,30 12,75 | 0,80 | 025 J o lo Jolo | Bal ::mm 16,011 4,411 2.90] 0,79 Jo.123] 0.104] 0,09 | Bal

20 minstes at 1700-1800 F, air cooled and 3 hrs, at <100 F and
YREATMENT 3 hrg, at 850 F, air cooled,

g

Shrs, at 1315 F, air cooled and I hour at 1710 F, water quenched
TREATMENT  and 3 hrs, at -100 F and 3 hre, at 850 I, air cooled,

SEFERDICE  Allegheny Ludlum Steel Corporation,

e rtxw foancer | - xwt france s [r-lxw faance e | Hlxwd r @ r | o> i ko —
Fo2 T e 6 Tro75s ) To-i130 ] 1.2 T T [ 78, 400 §9.4 760 99.2__] 1000 108, 3
e Tiosn 71 Jonte ] 61 1o.m11 o [Z00 82 500 92,7 600 T0z,4 ] 1200 [ 113
: 200 86, 600 96,0 -390 | 3
ASTI-ASEE JOINT COMMITYTEE OM EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS ASTILASAE JOMT COMMTTEE OM EPFECT OF
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL — 50 WEAT WABER G958y —
T I B MATERIAL __ Tron Alloy=~AM 350 WEAT WAAER
|-Gx_ 3 MNi_1 Mo | [ N F
omecaL —Ma_{ 80 - cr | Ino Loen | si b gl n | pe
couPotTion |16, 50 30 751 o, 80 25 | 0,10 [ CmacAL
Pen CONT LA—&—A—L—I—&I’—-‘E‘ couronTion  [16.50 | 4.30 | 2.95 | 0.80 ] 0.25 | 0,20 | 0.10 | Ba1
—
PER CONT
'luu’ ~20 minutes at 1700-1800 F, air cooled and 3 hrs. at <100 F and ’%
TREATMENTY 3 hre, at 850 F, air cooled,
TREATMENT
AEPERDICE Alleghtay Luedinm Steel Corporation,
WEFERENCE  Allegheny Ludium Steel Corporation.
REMARKS Momisal Composition taken from DMIC Memo 42,
RBMASKS Nominal Composition taken from DMIC Msmo 42,
COEPFICIENT OF LIMEAR THERBAL EXPANSION PEQRC WEAT
™, TBe ™me TO» e, [srwi-1] me, [sus-1f TEe, [sTUL-1] TR, laTU L)
r loixw loncr e | txit nance v [etxwh foance v | rixwt e »-) v -1 2 (] 2 (=]
0-212 6.0 70-752 €.9 ] 70-1150] 7.2 70-1500, 7,0 3212 T
0-5 67 70-932 7,0 §70-1350 | 6,7 70-1700 7.5
1 [—Assumed to be ean secific heat,
1 1 | | 1
ASTI-ASME JOWMT COMMBTTEE OM EPFECT OF @
TENPERATURE OM PROPERTIES OF METALY ASVILASAE JONMT COBMTTEE O EFFECT OF
TENPERATURE O PROPERTIES OF METALS
WATERGL _ mog Allov--a WEAT WOMBER p2ofg —
339 29 WMAVERIAL Tron Alloy=<AM 350 WEAT WeER
Cr Ni Mo M» [ N st
cumCAL 1 1T Cr | M JxM |me | s8 [ N Fe
conrourion | 16.61 ) 4,41 | 2.90 } 0.79 Jo.123 lo.104 § 0.09 | B CuBacAL .
rer cawt o — — Cowrotimion |1 1 4,30 1 2,75 Losolozsorelogo
PER CENT
o Hammer forged llets led i
Ibre, at 1375 F, air cooled, and 3 hrs, at 1050 F, air cooled | EORM.
TREATMENT u-uuu.ul'uor,mécnuuasu-.u-l’oor,m ’ "'::' High temp led, 1950 ¥, rapid cool,
'.x_. .l !:9! .j‘ cooled. -
REFERECE  Allegheny Ludlum Steel Corporation,
REFERDCE  Allegheny Ladiom Stesl Corporation,
REMARKS
REMARKS Nominal Composition taken from DMIC Memo $2.
COEFFICIENT OF LIMEAR TNERMAL EXPANSION f—
™, O ™me ™me
r le-txws fonce e [e-Vxrol Jnance v fe-tx 1ol [oance r | rixut e, e e, | o | e, | B Toe, | L
= ) [ ") [ [ [ [
=320] . 70.512 A Fo-111z | 7.7 70-1500] 7.8 Roam
0=212 b, 70-752 =% po-1s0 | 7.7 T70-1700) 8.2
10392 70-932 0~1350 1.4 10-1832 1 8.2 \asumed to




ASTI-ASAE JOWT COMMTTEE ON EFPECT OF @

TEAPERATURE ON PROPERTIES OF RETALY

ATH Tron Alloy——AM 350 WEAT NoeER
Cr | m | Mo | Ma | s5i c N I
oo Lituto Lo L2uzaloute otz Loude ooz

g Tigh temperature anncaled, 1950 ¥, rapid cool ¢3 hrs, at 1375 F
TREATUENT ted p ’

soSITY
me. | go | e | g jwe | gg [ ) e
|—Reom | 2
d o be at room
i | | 1 1 1 | 1 1
ASTR-ASAE JONT COMMITTEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF AETALS
MATERIAL loy——AM 350 WEAT WBER
p—— | cr | M | Mol Mo | Si { C N Fe
m STRIIR I ERIITR I HERLITSURINTE

High tamperature annealed, 1950 F, rapid cool + 1710 F, rapid
TREATMENT  cool and 3 hrs. at =100 F and 3 hrs. at 850 F, air coole

seany
-, (f 2 e, (X1} TEWP, (%1 ] . (L Y-}
] -t | d -1 [] -1 [ o)
| Beom. . ] 6,282
Data ’hha;mm
1 1 1 i 1
ASTR-ASME COMMTTEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF AETALS
[MATEMAL ___ Azmco Iron--17=4PH . WEAT WANER
Cr Cu | N Ma | _Si Ch C Fe
COMPOSITION 16,5 | 4.0 4 1 1 0, 35 07 ] Bal
WEATY
TREATMENT

Tevy, A., "Perlormance of Materials at Elevated Temperature
REFERBNCE for Aircraft and Missles™y dt Ai ft C

q
MP - 595; As found in Armco Techsical Data Manmal,
*Precipitation Hardness Stainless Steel, ™

REMARKS Nominal Composition takes {rom DMIC Memo 42,

aTu -1 8TV M-t aTo .-t STV MR-?
o, |rt2e) | o, |[Fr-2r-1 ) TR, [Fr-le-) | TR, |PY-2pe
[ [ [] (4] [ (4] [ (4]
[ 3.3 W0 | 102 [10) .2 122
300 9.7

91

ASTH-ALARE JOWMT COMMITTER ON RPFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL Armce rogec]T=4BH NEAT WaBER
Gr Ca ch [ P s
cowvonmion 136,42 | ¢, €41 3,85 1 0,53 | 0,47 | 0,34 Jo, 044 Lozs 0, 013
PR CNY — —
e
t rolled and anncaled bar stock,
HEAT Condition H 900-1900 F « 1/2 hour = water quanched + 300 F =
TREATMENT  } wour - air cooled,
REFERENCE  Armco Steel Corporation,

THERMAL CONDUCTIVITY

hour - air cooled,

Ty m-V Aty -t aTu .- AT M-t
e, [rder ] e, [rr2ea ] e, |st2el } Tee, |erdea
] Al ’ Al ] T .. (Al
300 10,3 500 .2 860 13.0 | 900 13.1
COEPFICIENT OF LMEAR THEREAL EXPANSION
™ ™e e T
it foance v | r-txel fuance e fr-tuwt Faace p | rlxwd
=200 6,0 _[10-400 5,1 70-600 €3 f7o-800 | €5
soSITY
e, |y Jrae, | v | e, | L | me, | By
) et [ et [ [ [3 -1
Boom | 0.282
I | I
ASTI-ASHE JOINT COMMTTEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF AETALS
[MATRRIAL ____ Armco lren--17 MEAY MMSER 23147
Ce ch | si c P s
pa—— |-Cr | N Mn |
COMPOSITION 16,62 ) 4.40 | 3,85 ]| 0,58 | 0.43 )] 0,36 2.054 o, 023 {0,010
PER CENT — 5 e
¥e
Bal
Hot rolled and annealed bar stock.
JmEIQ——" H 900-1800 ¥

Condition H 900-1800 ¥ = 1/2 hour - water cocled 4+ 900 F -
TREATMENT )

SEFERENCE  Armeo Steel Corporation,

Toue TEw O e
jeance r Je-Txowl Jrance e | r-1xwh Juance e | r-"x 08 Jrance p [ r-1x 108
70-200 | _6,0 70-400 6.1 19-600 6,3 70-800 6.5
ELECTRICAL RESSTIVITY
Tewe, facmoms | vewr, |uczome | Tewr, jwceoms | Tae, |wceom
. = . ) ¢ -1 " 1
| Beom 1
pEMsITY
e, [ Jioe, | vy fTee, b | Tee, | B
£ -1 # 3l [] -t [3 [




RAGNETIC PERBEABITY

b - sty -t stumR-1 Ty Mm-1 STy -1
T 'w“ e, ';.L‘. Toer ,{‘.‘.,, 0. | reme. e, [rr-teet | tewe, |re2eal n'p . {rr-ae u:: . |rr-2e
s ] aswivy r ABLITY ’ ABLITY ¥ ABILITY [ L L4 Lid L)
[ Foom | Foom | b0 Room 151 300 9,7 0 19,7 __$50 A2ald 950 1.2
{a} Pemea:ll:ty at ﬂel: strength of 100 Oersteds.
(b} Permeabili at field strength of 200 Oerateds,
o cabilite, Y y ASTU-ASHE JOINT COMMITTEE ON EFFECT OF @
| 1 | 1 TEAPERATURE ON PROPERTIES OF METALS

ASTH-ASAE mn COMMITTEE ON EFFECT OF @ MATERIAL Atmco Iron--17=-TPH MEAT NUMBER 30804
TEAPERATURE OM PROPERTIES OF METALS N
Cr Ni Al Mo Si [+] P S Fe
CHEMICAL -
— ,17] 7.63 | 1,04 ] 0.65 | 0,32 0,072 0,026 | 0,020} Bal
WATERAL ___ Armco lronz=17-4P WEAT WOMSER couposimion L 17 Ba
S rer caxnt

cr Cy Mn Ch < P S
cmecaL = Al
gl i B s S SR s e L i

)

HEAT i - - - oled.,
TREATMENT Condition CH 900 » Cold drawn + 900 F = 1 hour - air cooled,

Ba!
Hot rolled and annealed ba llllllltl. Armeo Steel Corporation,

TREATMENT Annealed = 1800 F - 1/2 bour « water quenched,

sgrgaENcg  Armco Steel Corporation, THERMAL CONDUCTIVITY

ERMARKY
sTo =1 TU k-1 sTum-1 sty e~
e, [rv-2r0 ] Tee, |Fr-2r-1 ] vewr, [FT-25-0 ] TR, |FT-290
[ (i [] 4] ¢ (4] [] 7
COEFPICIENT OF LINEAR THERMAL EXPANSION 300 9.5 500 10,6 850 12,5 900 12,6
ASTILASKE_JOINT COMAITTEE ON EFFECT OF
o0 Tow Toe Tevp TEMPERATURE OM PROPERTIES OF METALS
r=Vx 108 Foance v | r-Tx108 Imance ¢ | r-Tx 108 Rmance r | r-1x108
0-200 6,0 70-400 | 6,0 70-600 1 6,2 70-800_] 6,3
MATERIAL __ Armco Iron--17-1PH HEAT NUMBER 19113
\rmeco Irons
Cr Al Mo ! _Si c P S Fe
ELECTRICAL RESISTIVITY pr——
z-amu 16,48 L 7,01 11,02 | 0,61 | 0,43 10,060 10,02010,015 | Bal
Toe, |wmows | vewr, |mcroms | rewe, |amceows | veme, | sucwoms
L ) r c L4 o ¢ (=} | PORM Cold drawn bar stock,
Room 98 HEAT
TREATMENT  Condition CH 900 - cold drawn + 900 F = I bour - air cooled,
DENSITY REFERENCE  Armaco Steel Corporation.
COEFFICIENT OF LINEAR THERMAL EXPANSION
o, | L Tee, (R Y.] Temr, [LY-T] o8P, oy
E nt [ =1 | J =1 [ -t
Room 0. 280
TENP TEw T TENP
[mance p Jr-txoef Juance r | r-tx1of Juance k| eix10f Ruance r | r-ix b
BAGNETIC PERMEABRITY [.70-200_ 6.1 10600 6.4 38 6.6 20-900 ==
[20-400 | 6.2
(a) {b} (c) ELECTRICAL RESISTIVITY
Toar, | PERNE. Temr, | PERME. TENP, | PERME- ™e, | Pemue.
[ ABRITY [ ABILITY [ ABILITY * ABILITY
|_Room 4 Room 48 Room 95
{a) Permeability at field strength of 100 Oersteds. NP MCROMM- | TEWP MICROMM.
m Permeability at ﬁe‘.l:l:nnnh of 200 Oersteds, '?' .9:“ “:" nc::ou (2 o (2 o
r . = j[ ¥ T I . Room 83,8
- 1 1 I L oENSITY
ASTM-ASUE JOINT COMMITTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
T Tee, [1Y.7) TP, [T Y.1} e, [t Y] Tew, | LBV
MATERIAL Armco Iron--17-7PH WEAY WMBER _ 25959 Iy =1 [ -t [ L) r [
Room 0,277
cr Al _| Mo} sg c P s | Fe
courosiTion  [17,01 1 7.23 ]0.98m| 0,58 | 0.5¢ |0.078 | 0,025 lo,016 ] Bar
AR CENY B e e e NAGHETIC PERREABILITY
[PORM ot rolled and anuealed bar stock, _ ta) {b) ()
NEAT Condition TH 9501900 F ~ 1/2 hour ~ air cooled + 1400 F = e, PERNE. W, PERME- TOw, PERME. TEWP , e
TREATMENY  1-1/2 hour - alr cooled, r ABRLITY [ ABILITY [ ABILITY [4 ABILITY
0 . 43,5 Room | 125
GEFERENCE. Armco Stael Corporation., — L
{a) Permeability at fleld strength of 100 Oerstedes,
b) Permuuuty at field -tun‘th of 200 Oersteds,
Stuanxs H Permeabili - j
i | ] 1 —
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ASTR-ASME JONNT COMMITTEE ON EFFECY OF
TEAPERATURE OM PROPERTIES OF METALS

TREATMENT

MATERIAL Armeo Jron=-17-7TPH HEAT MUMBER 9113

Cr | N Al Mo, c P S Es
CHEMICAL
COMPOSITION 16, 1.01 l.ol 0.6I 0,43 10,060 (0,020 0.015 gnl
rER CantT
LFom_______ Hot rolled and annealed bax stock,
HEAT

Annealed - 1900 F « 1/2 hour - water quenched,

agrzeeNce  Armco Steel Corporstion,

COEFFICIENT OF LINEAR THERAAL EXPANSION

_— \ TEMP . e TEMP ]
mance, ¢ fe-txof Doance v | e-Vxroh Fmance ¢ {e-Yx 108 Boance p | - 2108
<200 8.5 70-600 9,5 70.800 9.6 70-900 | ~-
| 10-400 2.0
ELECTRICAL RESISTIVITY
vesr, [wmome | vewmr, |secmons | vewe, |micmoms | vewr, | wicmowm
. a4 [ [ [ o ¥ [
Room 81,0
0BNMUTY
TENr, (1Y T, (VY. e, [TY-1 TEee,
= ’ m-t [ n-1 [
|-Boom._} 0.382
BAGNETIC PERMEABILITY
(a) (1)
e, | eerme TEWP, | PERME TewP, | PERML [ TEWP, | PERME
[ ABRLITY ¥ ABILITY [ ABILITY [] ABILITY
Room 32 Room 3,3
(a) Permeability at field atrength of 100 Oersteds,
(bf Pe bility at field ngth af 200 Oersteds,
1 ) | I | | ] '] 1
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL Armco [ron—-17-7 HEAT NUMBER 37465
Al | Si c P s Fe
Composimion 17,18 1 6,75 11,0 10,64 0 36 |0 069 |0 022 0,012 | Bal
PER CENT =
FORM Hot rolied and anncaled har stock.
'H‘E:AT Condition TH 1050-1900 F « 1/2 bour - air cooled + 1400 F -
TMENT  ].]/2 hour - air cooled to 60 F + 1050 F - 1-1/2 hour =air cooled,
RRPERENCE  Aymco Steel Corporation,
COEFFICIENT OF LINEAR THERMAL EXPANSION
™oe TEwe Tewr Tewr
RANGE £ | eV x 108 | mance, & | ¢! X 108 France £ | £V x 108 | mance ¢ | -t x 106
0-200 56 Y i0-400 | 6.1 70-600 6.3 70-800 6.6
ELECTRICAL RESISTIVITY
e, |wcnome | Tewe, [aceome | oTEme, ] achows | TEwe, | mickone
[4 [ [] = ] [ ] o
Room,

93

DENSITY
THe TEWP , (8 R TEM,, sy e, e cy
| 2 [ ' L ’ [
L_Boom
BAGNETIC PERMEABRITY
AW, PERNE. THaP, PERME. TRupP B TaMP PERME.
¥ ABRLITY Ld ARILITY 4 ABILITY F ABILITY
Rooin =119 Reom 53-63 Raom 175=-260
{8) Permeability at field strength of 100 Oersteds,
{b) Permeatdlity at ficld strength of 200 Oersteds,
] e ¢
_L:Lfmmm.%.mﬂrL 1 — — -
ASTI-ASME JOINT COMMITTEE ON EFFECY OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL Armco Iron-=17-7PH MEAT NUMBER 32383
Al __ [ ol B s b 23
CHBCAL L Cr | Ni Mo 1 Si
conPORITION |17,28 1.2-1 1,17 gL'l'l 0,38 10,085 10,022 10,0101 Ba)
PER CENT
lle r
MEAT Condition TH 1050-1900 F - 1/2 hour = air cooled + 1400 F «
TREATMENY  1.1/2 hour - air cooled = (to 60 F} + 1050 F = 1=1/2 hour =
air cooled,
R Armco Steel Corporation,
COEFFICIENT OF LINEAR THERMAL EXPANSION
e TemP TENP Tewe
pance p | r-Vx108 | mance, # | v-Vx 106 [Imance, ¢ [ v-x 108 Hmance ¢ | #=Vx 108
10-200 5.6 70-400 6.1 10-600 6.3 10-800 6.6
ELECTRICAL RESSTIVITY
TEwP , MICRONM. TENP, WCROMM. TaMP , MCROWM- TEwP , HICRON.
F (-] [ 4 o ¢ (-] L4 Ca
Room (1]
oENSITY
TEW® , (4 %=1] TEWP, e TEWP, oy TU,, Lscy
1 [4 -1 [ w-1 f -1
Raoia. 0.276
MAGMETIC PERMEABILITY
(a) (b} (c)
TEWP , PERME. TEP , PERME. TRMP PERME. Tewe, PERME.
4 ABLITY F ABILITY ¥ ABILITY 4 ABILITY
90-110 53=63 Room. 175-260
(a) Permeability at field strength of 100 Oersteds,
tb) Permeability at field strength of 200 Oerstede,
2 ability.
| | 1 i
ASTI-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL o Irone=17-" HEAT WUNBER
Lol
Cr Ni Al Mn Si C P S Fe
CHEMICAL. .
COMPOSITION 16,931 7,04 | 1,09 &65 0, 47 10, 069 |0, 021 )0, O Bal
PER CENY

FORM Cold drawn bar stocka
HEAT

TREATMENT

Cold drawn + 900 F « 1 hour - alr cooled, |

REFERENCE  Armco Steel Corporation,




COEFFICIENT OF LINEAR THERNAL EXPANSION

The TEWP TE TP
g | r-'xub france v | p-x 1ol Juance v | p-ix 108 Jrance ¢ |-t x b
= &) 70400 5.2, I8-600 WY 10-800 'Y
ELECTRICAL RESISTIVITY
e, MACRONM. TOMNP, MICROMM. TP, MICROHM- TEW CROHS-
[ (-] r [ ] [ (-] F (<]
Room 83,8
oENsITY
™e, (UY-1) ThaP , LY} TR, Le cu e, Lacv
2 -1 [] el [J -1 ] [ ad
0,217
BAGNETIC PERMEABILITY
(a) {b) (<)
TB® PERME. ToMP, PERME- =, PERME- TP PERME.
¥ ABLLITY ¥ ASRLITY ¢ ABLITY L AMLITY
| Room 10 —Room 43,5 Room 125
{a] Permeability at field strength of 100 Ocrsteds.
M P y at field of 200 Oersteds,
) Maximum Permeability,
1 1 | | j
ASTR-ASHE JOINT COMMTTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF RETALS
WATEBAL _ Armco lron--17-7PH WEAY NUMBER 38489
[+ 3 Ni Al Mo C B S Ee
CHRCAL
cowonmon  116,93) 704 ] 1 001065 1o 47 2.021.10.000 1 Pa)
fER OBV
q Hot rolled and annealed.
A Annealed - 1900 F = 1/2 hour - water quenched,
EEFERBKE Armco Steel Corporation,
COEFFICIENT OF LIMEAR THERNAL EXPARSION
TheP TEMP TEP TEuP
e 1o-Vxus Jrance s | r-ix10 oance ¢ | r-txoob Juance ¢ f F-x0of
8.5 20400 3.0 10-600 9.5 70-800 9.6
ELECTRICAL RESSTIVITY
TB® , MACRONM. TeuP MCROVW- TGP, MICROHNM- TTE. MICROMM.
L] (- P [ ] 1 (-] P (<]
L Raom 2.0
oENsITY
o, sy e, sy TGP, oy e, scy
E 1 £ [ ¥ m-1 4 m-1
Bogan, Q. 282
RAGNETIC PERREABRITY
e, rlﬂm- TOw 'plLl- The PERME. TEnp, PERME.
¢ ABRITY F ABILITY L4 ABIITY [ ABILITY
- Sl Room k]
ta) Psrmeability at field strength of 100 Oersteds,
{b) Permoeability at fiald strength of 200 Oezeteds,
1 | | 1 1 | i

94

Armco frone-17-7PH

Cr Al Mn

17, 01 'IJES_;LJO 0. 74

0,28 0'0’11 0'012 0!006 Bal

m% eoﬁiuon RH 950-1900 F = 1/2 hour = water quenched + 1750 F =

TREATMENT 10 minutes - air cooled + 110 F = 8 hoars + 350 F ~ } hour -
alr cooled,

BEFEREWCE  Arxmco Steel Corporation,

REMARKS

COEPFICIENT OF LMEAR THERMAL EXPANSION

T TEwP

o

eAnGE, ¢ 1 r-Tx 108 Juance, ¥ | p- 13108 Joance, ¢ [r-Tx rixwt
[ Z0-z00] 6.2 70-600 ] 6.8

|.10-400,

70-8001 6.9

bob

c!
P&l)ﬂl-
AULITY
120-134

Psblzll- TR,
ABILITY ¢

44-52 Room |

a0
rirue | Tewr,

ABRLITY L4
75:-87 J Room

(a) P ility at field ngth of 100 Oersteds.
({b) Permeability at field strength of 200 Oersteds,
Lility,
| [ 1 1 | |
1 | P 1 1

PERNE-
ABILITY

g
|l

ASTA-ASHE JOINT COMMITYEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF AETALS

MATERIAL Armuco Iran~-17-7P. HEAY MMBER

Cr Ni Al Mn St C d S Fu

17, 45 0. 069 10,021 |0, 008 Bal
—-——lﬁ:-:ﬁh

7,18 | 1,10 ]0.71

Hot rolled and auncaled sheet stock,

RH 950-1900 F ~ 1/2 hour = water quenched + 1750 F - 10 min, ~
alr cooled + 110 F ~ 8 hour - air cooled + 950 F ~ 1 hour =
air cooled

Armco Steel Carporation,

COEFFICIENT OF LINEAR THERBAL EXPANSION

e TE®
-1 x 10 Jmance ¢ | p-tx aof Fuance ¢
20-600 6.8

=t
20-500 6.9

~Vx b
2£-300 | 7.0

~b.b

() (b) (<}
PERME- TP, | PERME. PERME

[ ASRLITY [ ABILIT. e " | sy *
75-87 Beom | ¢4-52 Room | 170-134

PERME-
ASHITY

{2} Permealbility at field strength of 100 Oersteds,
(b} Permeahility at field strength of 200 Oersteds,

{g) Maximum germeahil.ig.




ASTI-ASAE JOINT COMMITYEE OM EFFECT OF
TERPERATURE OM PROPERT)

€S OF METALS
MATERIAL Armce [ron--}7-7PH HEAY MnoeR
cr N Molsi | oa c Ee
CONPONTION 16 6, 5 1 1 0,75 10,09 | Bal
PER COMT
"ﬂuur
TREATMENY TH-1050 condition,
atrpepce G 1 Motors Corporation, Allison Division, G. R, Sippel,
SEMARKS Nominal Composition taken from DMC Memo 42,
COEFPICIENT OF LINEAR THERMAL EXPANSION
™ TENP TE TEwr
jeance, # [e-xwh Joance ¢ [ e-x1of [mance ¢ | p-Vx 108 Joance v | )y b
[ 80-400 | 6, 80-600 6.3 $0-800 6.6
ASTA-ASHE JOINT COMMITTEE OM EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL o 17-7PH HEAT MUMBER 141
Cr Ni Al Ma Si [+ P s Fe
cowrosmion  117.08 1 7.22 | 1.25 | 0.79 10.35 |0.06810.019 [0.007 | Bat '
cany

FORM Hot rolled and anncaled stock,

¥ Condition RH 950-1900 F = 1/2 hour ~ water quenched + J750 F -

10 minutes =~ air cooled + 110 F - 8 hours ¢+ 950 F ~ 1 hour =
alx cooled, -

| REFERERCE Armco Steel Corporation,

TN, MICRONN- TEMP, HICROMNM. TENP, MICRON Tear , ICROMS.
e L] [ 4 [~} F [~} [ 4 u
Room 82, 6
ASTI-ASAE JOINT COMMITYEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL Armeo Iron=--17-TPH HEAT WUMBER
Cr Al Ni C Fe
CHBMICAL,
:.Iﬁl'lﬂ 7.0 111.25 § 7.00 | 0,07 | Bal
et
TREATMENTY
REFERENCE Hayunes Stellite,
RENARKS Nominal Composition taken from DMIC Memo 42,
DENSITY
Tae, o TTRNP ey Teur Lecy e, iscu
gt [ =V ¥ =1 [ -1
|—Beem 1 0,276

95

ASTA.ASAE JOINT COMRITTEE ON EPPECT OF
TEAPERATURE On PROPERTIES OF BETALS

)

MATERIAL m,_f-_“ﬂ - =Mo WEAT NOMBER 04602
C i G M Sl
- x—{-Hi . —1Ma e
16,79 | 14, . N
:num 6. 191 3011275 11,26 10,66 Loez 1 o280 088
P s Fe ‘.
0,01310,009 | Bal
FORM Hot rolled bar stock,
HEAT 2250 F ~ 1/2 hour = water quenched 4+ 1350 F » 5 hours =
TREATMENT water quenched,
REFERENCE  Armco Steel Corporation,
REMARKS
THERRAL CONOUCTIVITY
TY ;=1 syyum-~t Yy -t STU et
Tewr, [rr-2e-t g vewe, |Pr-2e-V | tewe, |pr-2f-) | Tewe, |PE-lfel
[ (A [ (Al . " [} T
100 5.2 300 9.2 560 102 €60 | 101
200 6.7 400 9.7
DENSITY
e, (vY-"} TOMP (TY-] WP, (Y-1] Teee, | Lacy
] ] ] -t [ -t L4 [
m | 0,287
ASTIL-ASME JOINT COMMITYEE ON EFFECT OF @
TERPERATURE ON PROPERTIES OF MET,
WATERIAL Iron Alloy--17-14 Cu-Mo HEAT NUMBER
Cr | Ni Cu Ch I
— Mo | Ma ! gi
COMPOSITION 15,3l idl 3 dademlme 2 0050 L 045 L 0 25 1012
[ ¥
Fe
Bal
| FORM
HEAT
TREATMENY
REFEREMCE  Armco Steel Corporation,
AEMARKS Nominal Composition taken from DMIC Memo 42,
THERMAL CONDUCTIVITY
Ty m-1 BTy -1 ST ) aTU Hr-Y
Tow, (ev-2p-1 | rawe, [ev-2e-1 | vewe, (Pr-2r-1 § vOmP, |PY-2P-)
[ [ad [] T ] [ad [ (ad
100 A2 A00 9.2 500 10.2 £00 106
8,1 400 9,7
COEPFICIENT OF LINEAR THERMAL EXPANSION
™ TO® TEMP TEMP
|eamce, ¢ | -tx 108 fmance, ¢ | p-'x 106 fuance v | p-Vx 106 Jmance p e-Vx b
[ 20-300 8.23 J170-700 | 9,17 J70- 991 §70-1500110,07
70-500 425 §70-10001] 9.69




e, (S 1-1) TEWF , o TEwP, [L X=1) TRMP , oy
] w1 ¢ N1 [4 -1 [ -1
[.Room 1 0,287

Data sssumed to be at room temperatyre.

ASTA-ASHE JOINT COMMITTEE ON EFFECT OF @
TVEMPERATURE ON PROPERTIES OF METALS

MATERIAL Armco Iron~-17-14PH

WEAT NUMBER 47584
cr | M Caol Mol atn | Cb ] st Ii c
::nnm 16,2213.40 ) 3,13 | 2.3310.89 10.37 | 0,32 | 0.18 |0, 124
Pls Fe
10,023 Jo, 007 | Bat
| FORM Hot rolled and bar stock.
NEAT 2250 F - 1/2 hour = water quenched + 1350 F - 5 hours -
TREATWENT  wooor guenched, B *
REPERENCE  Armeo Steel Corporation,
REMARKS
COEFFICIENT OF LINEAR THERMAL EXPANSION
o e o He
jrance v |e—tx1of France F | ¢t x 10f France r | p-Yx 10é Rwance, ¥ | F-1x 106
[ 70-300 8.23 ] 70-700 9.17 ] 701100 9.69 J70-1500] 10.07
N 8,75 ] 10-900 9,44 § 70-130601 9,91




B he 0t 1t

SUPERALLOYS

97

20
a G-’lalB 053 ! »
® Ero ATV, 0S.6 v B9 0L, o34
A A-286,05.7 ,0S.
%y A-286,058 ® 19-90L. 0816
5 ®] A 19-90L,D5.17
X AMS-5727,0.5. 10 oL,Ds.
® 19-9 0X, 0.S. (I v 19-90L,0.518
O 19-9 DX, DS. 12 2 °° v 5-590,DS. 24
te — T | @ s-590.05.25 o
> ¥ N-155.0S, 28 —o®—
v‘l" e &4
© T
© w
o 2
14 / < b )
) A e fe v
g v,
v
12} / 7 L J (2 0
/ / A
10 ”
/ vy %o
. r 3
° ~400 800 1200 1600
Temperoture, F
s THERMAL CONDUCTIVITY OF SUPERALLOYS
o %00 800 1200 1600 2000 2400
Temperature, F
THERMAL CONOUCTIVITY OF SUPERALLOYS
® Ero ATV. , DS 6
A A-286, DS.7 /
m / 4
Era ATV
A-286
§ wo /4
]
:
H
"V }
. .
¢ 400 800 1200 1600 2000 2400
Temperature, F
ELECTRICAL RESISTIVITY OF SUPERALLOYS



ASTI-ASNE JOINT COMMITTEE @

ASTR-ASAE JOINT COMMITTEE ON EFFECT OF @
TESPERATURE ON rmun!s w nnu.s TEAPERATURE ON PROPERTIES OF METALS
.ﬁllLTlnn Allgv=-AF-7] HEAY WadEX MATERIAL iron Alloy HEAT WMAER
M Mo i A4 [od N ..
CnmecAL o Ni SL Nt cr | Co | Cb w_| Mo st Mn C.
COMPOITION 18 1.8 3 1.0 ] 0.9 { 0.6 {0.25,; 0.2 | 0.2 COMPORTION 13,4 1 13,3 10,3 j3,38 12,72 (1,80 11,13 10,76 | 0 41
e cout PER CENT B L B sl
s P Al Ke 53
max, | max,
0,04 | 0,06 | tow | pal Bal
Yeaktueny 1050 F < 1 hr., water quenched + 1300 F = 16 hrs. = air cooled, A ant

QEFEREWCE  All:gheny Ludlum Steel Corporation,

REPERENCE  Oliver and Harris, Metallurgia 3 (1946)

COEPPICIENT OF LINEAR THERMAL EXPANSION ]
THERRAL CONDUCTIVITY
o \ o Tewe
sack ¥ | r-Tx1ef Juance v [ p-tx 1ot Joance ¢ | r-lxret Hoance p [ eV x 1o
10-212 .46 10-252 9.9Q I0=-2112 10,43 10-2472 11,31
sTU -V Ty mm-1 STU HR-1 sTUMR-1
% A8 In-932 V110,40 H20-1292 ! 1100 R20.1562 1 11 40 tow, |rre2p | vee, |eroaet] rewe, |fr-2e-r | rew, |Fr-apn
= ¢ Lad L Y L4 (A ’ T
200 1.5 300 8.1 600 9,8 800 11.0
DENUITY 1000 12,1 1200 13,3 1400 14,5 1650 15,8
Values inte lated from graph,
T i I I | ] I 1
™. vew, | tscw e, | By e, | LBy ASTI-ASHE JOINT COMMITTEE ON EFFECT OF (4 >
i :;g L4 L] Ld [od] Ld m-1 TEMPERATURE ON PROPERTIES OF METALS
[_goom ~ | 0,280

[ maTERIAL _ Iron Alloy-.S-497 HEAT NUMBER
BAGNETIC PERAEABILITY . Co " Ccr b Mo w si c
CHEMICAL
conposivion | 33.93] 20.61119.46]13.70) 4.35 } 3,36 | 3,17 1 0,38 | o, 36 |
:———-—-———* ===
PER CENT .
(a) ) Mn
HEAT PERME- HEAT PERMNE-
ABRLITY ABILITY 0.3
9X-435 1 1,002 9x-4951 1,001 FORM
HEAT
{s) Condition 2050 F « 1 hr, - water quenched. TREATMENT
{b) Condition 2050 F - 1 hr, - water quenched + I400 F - 4 hrs. - air cooled +
300 F ~ 16 b, = 3ir cooled REFEREMCE U, S, Naval Engi ing Experi Station, Aonapolis, Maryland]
1 i | 1 ]| L E |
ASTM-ASHE JOINT COMMITTEE ON EFFECT OF @ SEUARKS
TEAPERATURE ON PROPERTIES OF METALS
COEFFICIENT
Iron Alloy--AF 183 HEAY OF LMEAR THERMAL EXPANSIN
| Mol colme o s Jolwits e
CWEMICAL max.| max. max,| max,
:.'ﬂﬂlﬂ 18 12.% 3 1.0 0.6 —9—'15 0.2 0,04 | 0.04 . Toe
L] Fe wance, # | #-tx108 France, ¢ § #-Vx106 Drance £ | #=!x 106 france v Iz 1ot
100-500 8.2 100-1000 8.5 \oo..ltoa 9.2
tow Bal
| PORM,
-A‘II"I ent 19CO F - ] hr, water quenched ¢+ 1300 F -« 16 hr, air cooled, ASTH-ASME JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE OM PROPERTIES OF METALS
REFERENCE  Allegheny Ludlum Steel Corporation,
[MATERIAL _ Iron Alloy=-5-495 HEAY _NUMBER
COEFFICIENT OFf LINEAR THERMAL EXPANSION L Ni Cr Mo | &b w Ma c { si | ¥Fe
cowposimion [ 19.71413.92{ 4.28 14,2 | 3,87 10,68 [ 0,411 0,34 | Bal |
PER CENT
TB® TewP TEWP TEMP
jmance, ¢ |e-1x 1o ] mance, ¢ i x 108 Trance r {e-Tx108 france r | e-1x10 [ Form
70-212 8,55 70-79%2 .85 7011312 10, 64 20. 1472 1221 'NEAT
[20-392 | 8.83 370-932 0,38 10-0232 11.00 120=1562 11,33 TREATMENY
70-572 9,37 B

REFERENCE U, S. Naval Enginecring Experiment Station, Annapolis, Marytand,

OENSITY
RRMARNS
we, [ Jre, v e, o | rer. | e COEPFICIENT OF LIEAR THERMAL EXPANSION
-3 L4 -t [ -t 3 [X)
|—Reom | 0,281
Data assumed to At yoom temperature,
Tor oW TP TEuP
nance, ¥ | eV x 108 Qrance, ¢ | p-1x w8 [ mance ¢ | p-1x 108 Reance F | e-'x 1
MOS—IM 2.9 100-1600 | 9.4

98



ASTI-ASME JOINT COMMITTEE ON EPFECT OF @
TEAPERATURE ON PROPERTIES OF METALS

MATERIAL Iron Alloy--Ers A, T, V, Steel HEAT NUMBER
Ni Cr w Si Man < P S Ee

COMPORITION 26!56 15,20 2,77 | 1,30 | 3,18 | 0,46 10,018 | 0,014 ] Bal

TREATMENT Forged steel,
Powell, R. W., "The Thermal and Electrical Conductivities of

REFERENCE  \q 4.1 and Alloys: Part 2, Some Heat-Resistant Alloys From
O - 800 C*, Proc. of the Physical Society, Vol 48 {1936) pp, 381,
THERBAL CONDUCTIVITY
st m-\ oTU M-t STU -1 STU MR-t
TR, |rr-20-1 1 TEMP, |FT-2r-1§ TEMP, [PT-2P~1 ] TEMP, |FT-2p-1
¥ LAl F L [] 4] [ T
32 6.3 212 7.3 392 8.0 572 9.0
152 9.1 932 10,6 1112 114 1292 12.3
1412 13,1

e, POCROMM. TeuP, MICRON. TEMP, | MICROMM. TEwr, MICROMM-

|4 L] L4 ™ £ Cu r (-]
198, 0) 212 102,7 392 106.9 572 111, 0
152 114,2 932 1123 1112 1201 1 1292 122.2

(1472 123, 61

Method: Voltage drop,

ELECTRICAL RESISTIVITY

Tewr, Jwcwons | TEwe, | mcnons | Tewp, |micnome | Tewe, | wicros
[ o ] o [] (-1 [] o
7 91,0 1004 1156 § 1202 118,8 1348 1201
1499 [FIR) i i
DENSITY
e, tecu T, | e Tewe, (Y] Tewe, tecy
E m-1 [ in-1 [ m-1 [ -1
I 1 I
ASTI-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALY
MATERIAL Iron Alloy--A 286 HEAT NUMBER
Ni Cr Ti Mn | Mo | Si Ya_l Al
CHBMCAL Z4,0-|13,50-) 1, 75-[ 1,0-" 1,050, 40- [0.10- [ max. | max.

COMPOLITION 28,0 {16.00 j2,25 | 2.0 1,5 J1,00 10,50 0,35 10,08

S P Fe

0.04 | 0.04 | Bal

HEAY
TREATMENT

REFEREMCE  Materials Data Book No, |, General Electric Company,

OM PROPERTIES OF METALS

MATERIAL Iron Alloy--A 286 HEAT NUNBER

Ni cr ! 7i | Mo} Mo | si v AL c

COMPOSTTION 26!06 15,52] 1.95 | 1,35 | 1.25 | 0,95 [ 0,32 | 0,20 0,045
reR CENT

P S Fe

0,021 | 0,018 | Bal

Rolled or forged from 200 F to 2150 F,
::m 1800 F - p hour - oil quench; Aged: 1325 F - 16 hours-

REFERENCE  Allegheny Ludlum Steel Corporation,

ASTH-ASUE JOINT COMMITTEE OM EFFECT OF @
TEAPERATURE

sTu m-? STU NR-1 sTU -1 aTU Mr-1
T, |ey-2p-1 | vewe, |Pr-2p-1f Tewe, [(ev-2p-0 | TEMP, |PT-29-0
[ [4J [ [A] [ T [ T
200 8.1 _600 10,5 800 1.7 1000 13,0
400 9,3 .

Yalues inte ated from graph,
[ I I | | 1 I

oTu ;- a1y Ma-¥ STU MR-V STU MR-V
Tor, [Fr-2¢-1 | vTEwP, JFT-2°-1] TEMP, |[FT-2¢-1 ) TRWP, |PT-2p-0
] T [3 T [ T [ (4
2 8,7 572 10,3 932 12.6 1112 13.8

COEFFICIENT OF LIMEAR THERMAL EXPANSION

™o ' Teur . TEM ' TENP .
eance, ¢ | - x 108 f wance, r | o=t x 108 Dmance, r | r-1x 108 Rmance, ¢ | F-1 x 106

| 202200 211 10-800 9. 64 20-11001 9,84 70-1300 9.94

70-400 2..35 30-1000 9,78 70-1200] 9,88 70-1400] 10, 32

|-20-600 9.45

SPECIFIC NEAT

TEaP, (oTU Lo-1 0 Tewr, |oTU LO-1|| TExP, fBTU LD-1] TEMP, [BTU LB-D
[ 4 - g1 F | = ¥ F=1 F [ 2]

COEFFICIENT OF LINEAR THERMAL EXPANSION

TEw TENP TR,

_e
mance, # | e~V x 108 | mance ¢ | e-) x 108 fmance, ¢ | p-Vx 108 [mance, ¢ | e-1x108
200 8.25 £00 8.95 1000 9,62} 1400 10,27
400 8,60 800 9.21 1200 9.95_ [ 1600 19. 6
Values interpolated from graph and assumed to he instantaneous coelficientl,
ASTH-ASME JOINT COMMITTEE ON EFFECT OF @
TENPERATURE ON PROPERTIES OF METALS
[ matemiay ron Alloy=-A 286 HEAT WUMBER
Ni Cr Ti | Mo | Mo | si v B F.

COMPOSITION 26.0|15.0 2.1 1.5 1.3 0.7 0.3 0.005 | Bat
FER CENT

FORM:
HEAT
TREATMENT

"Report on Materials for Use at Liquid Hydrogen Temperature)
REFERENCE Prepared for the 63rd Annual Meeting of the American Society
for Testing Materials,

COEFFICIENT OF LINEAR THERMAL EXPANSION

73-30¢ | 0.10 82-5717 0. 11 || A6-1004] 0. 11 104-12997 0,11

Tewr Tt Teue TEM,
ranct, | #=t x 108 | mance, ¢ | p- x 108 Bmance, p | #-Vx 108 france r | p-1x1ef
78-(-104§ 7.9 JI8-(-320)| 71,3 78 {416y 6.6




ASTH-ASHE JOINT COMWMTTEE OM EFFECT OF
TENPERATURE ON PROPERTIES OF aSTALS

[ MATSRIAL  Iron Alloy--AMS 5727

UG ER

T,

C

. -4 . max. max, max,
COMPOSITION 27,00 17,00 J7.06 | 2.0 | 0,08 | Dlogo g,ggg
reR canv

Fe
Bal

et

TREATMENT

Final working at 1200-1300 F, cooling 1200 F.

ASPERENCE Timken Roller Bearing Company,

o7V =) sTU MR-1 stum-t STU -1
e, |pr-2e-V ) TEwe, |P12P-1) TR, (FY-2P- | TRMP, | PT-1P)
[ T [ ] [ [l [ lad
Room 9 1100 15
COEPPICIENT OF LINEAR TMERNAL EXPANSION
Tew TEw Teue
ranGe, F | r-tx 10t frarce, £ | eV xwh faance ¥ | p-Vx10b

10-1200 10.2 70-1

4l 1L.1

70-2000 12.4

70-1400 10,8 70-1&8C0

12,8

70-2200 13,0

e, [stwie-'] Toe, [sTULS-TE Tee, (st} TEWP, BTV LB-Y
] -1 4 r-1 F [ 4 -1
[_2eom 1 0,105
oeanyY
™we, (YY1 ™we, o e, | W ™, | b
1 [ et [ -1 r w1
L xeom, 9,291

ASTI-ASME JOINT COMMTTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF mETALS

[MATREIAL __ Jrod Alloy~-Uni =9 DX MEAT MUMGER
Cx Ni Mo w Msn Ii C Fe
CHBCAL ]
comrosition | 18.5019.00 {1.60 1,35 | 1.15] 6.55] 6.55 Bal
= ———
[ W
FORM
NEAT
TREATMEWY
REFERENCE  Universal Cyclops Steel Corporation,
THERRAL CONDUCTIVITY
sTU -1 [ S sTu - BTU =)
o, |Fr-2e-t ) TEee, 1FT-2F-1) TEWP, (P7-27-1 ] TENP, |PT-2P-)
’ 4] [ T [ (4 [ lad
F1¥3 8.4 1z 1.9
COEFFICIENT OF LMEAR THERMAL EXPAMSION
T Tene T TEMP
pance, ¢ le-Txwh leanct e et mvf foawce v | e-Tx el fmance F | r-tx et
10-500 9,20 §70-1000 | 9,78 [F70-1200 | o o7 E70s0e | 10,01
| 10-800 2.59
- -

ASTE-ASHE JOMT COMMTTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS

[MAYERIAL,  tron Alipy=-19-4 DX WEAT_WuratR
Crl s ! Mo | w | sa ! T si. ] ¢ F

COMPORITION 19, 25 9 1.0 ] 1,25 | 1,15 | 0,60 § 0,55 | 0.30 Bal

TREATMENT

e Levy, A., "Perlommz of Materials at Elevated Temperatures
bl for Ai 1 and ) iles”, & dt Alrcraft Co, , MP-595,

SEMARKS Nominal Composition taken from DMIC 42,

THERAAL COMDUCTIVITY

STV -1 STy -1 STU -1 oTU -1
Ter, jrr-2p-t | Yo, {Pr-2r-1 ) Tewe, |rv-26-1] TEwe, |PT-2R-
[ 4 " ’ " L T L3 "
160 [ (19 9.8 1000 i1,3 147z 125
400 9.1 800 10. 4 1292 11.9 1650 13.6
ASTA-ASME nurr COMUTTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
MATERI ron Alloy--19-9 W- HEAT NUMBER
Cr Ni w Si Mn Ch Mg, Ti [
CHEMICAL
COMPOSITION 18,94 18,35 | 1,31 | 0,75 10,65 10,44 |0,381]0.22 9,
PER CEMT
: e
Bal
| pomu
MEAT
TREATMENT
REFERENCE U, 5. Naval WQrﬁa‘ Experiment Station, Annapolis Maryland.
REMARKS Nominal Composition taken from DMIC Memo 42,

COEFFICIEMT OF LIMEAR THERMAL EXPANSION

THS o Tewe TEMP
mance, # L r-tx vl Imance r | r-Vx 108 [oance, ¢ | F-tx 108 France ¢ | F-txoof
= 9,2 100 =160 7 100-1600] __10.7
ASTH-ASME JOINT COMMWTTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS

cr | x| w_ Ml osifowial © Ti
16,50 | 9,00 §1.40 { 1.35 [ 1.15 ] 0.55 | 0,40 | 0.32 | 0.25

MATERIAL 1ron Alloy--19-9 Df. HEAY NUMSER
CEENCAL
COMPOSITION

PER CENT
Fe
Bal
FoRu
MEAT
TREATMEWT
BEFERENCE  Universal Cyclops Steel Corporation,
REMARNS Melting range: approximately 2590-2615,
THERAAL CONDUCTIVITY
TV -1 STU -V 8TU MR-t 8TU H-)
e, |rr-2r-t | vewe, {rFr-2e-t ) TEWP, |PY-2F-1 | TEWP, [PT-28-1
L4 (4} F L4 F 143 F [4]
10 1.8 800 10.7 1200 | 12.Z

100




COEFFICIENT OF LINEAR THEREAL EXPANSION

To. Teur TEP TEw
jeance v | p-'x b France ¢ | e~V x 10b foance, ¢ }p-Yx b Joance ¢ | r-'x 108
[_20-200 8.5 J 70-600 9,3 70-1000] 9.8 70-1500f 10,0
SPECIPIC NEAY
e, JsTuie-'] Tewe, [STULS-I|| TEmr, |sTU Le-t] TENP, BTV LB-?
] [ [] (2] [ £~ [3 (2]
32-212 0,10
ELECTRICAL RESISTIVITY
e, |mcmons | TENP, |aicmons | TEMP, |mchows | TEwr, | micwonms-
[] o ’ [ ’ o [ [
68 78
oty
™e, [T Y. e, (U]} TENP, (LY. ", (LY.}
[ [d [l [ n-t [4 -1
Room N
ta agsumed 200: 13 e
1 1 |
BAGNETIC PERMEABLLITY
PERME.
L CONDITION ABILITY
Hot rolled + 1800 F - air cooled 1, 0046
Hot roiled 4 1300 F — air cooled + 1500 F, 4 hours 1,018
m rolled 4 1800 F - air cooled + 1500 F, 8 hours 1,014
ed
Hot rolled + woo F o water quenched + 1500 F, 4 hours 1,014
Hot rolied + 1200 i ~ air cooled 1,090
| | | |
ASTI-ASAE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
[uaTEsial  iron Alloy—-19-9 DL HEAT_NUMBER
(o} 3 Ni Mo w Mn Si Ti < Fe
CuBMCAL
CONPOSITION 9 L2s | 1,25 11,15 {0,55 10,30 | 0,30 { Pal
reR CanY
FORM
WEAT
TREATMENT
REFERENCE Materials and Mcthods Manual No. 115, "Metals for Short Time
Sexvice at High Temperatures™, by A. Levy (April, 1955).
REMARKS Melting Point: 2600 F,
THERMAL CONDUCTIVITY
sTY - STV HR-1 STV Mr-1 aTU -1
e, |rv-2p-1] TEWP, |[Pv-2p-1) TEWP, [Pr-2r-1 ] Tewe, |Pr-2p-0
[ [ad [ [a] [] Y [ (44
| 200 8.4 1000 1.2 1400 12.5 1600 13,6
600 9,7 1200 11,9
COEFFICIENT OF LINEAR THERMAL EXPANSION
""" TN TEM 1 Tewe
pance ¢ 1 #-1x108 L mance p | o=t x 108 fmance, ¢ | -1 x 108 foance, ¢ | r-t x 108
70-212 8, 2 70-1000 | 9.5 70-1600 | 10,2 J|70-2000 | 11,0 ¢
702600 8,7 70-1200 | 9.7 70-1800 | 10,5 +*
* lated values,
] | | | )|
1 I | 1 1_ i L

101

pBTY
TEwr, Ly T, sy TEP, wcy TOP Loy
J ) [ -t [4 m=1 * "
Roam, Q.287
Data assumed 10 be at Toom temperature,
1 i . 1
1 1 1 | | | 1 T
ASTH-ASHE JOINY COMMITTEE OM EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL Jron A“T’“n- DL HEAT NUMBER

Cr Ni Mo w
19,25} 9

Ma Si IXi C Exz,
1,15

0.55% | 0,30 | 0.30 gal

CHESCAL
COMPOSITION
e CaNT
FORM,

HEAT
TREATMENT

REPERENCE  \fateriale Duta Book No, 1, General Electric Company.

REMARKS Nominal Composition taken from DMIC M:mo 42.
THERMAL CONDUCTIVITY
STU -1 STV HR-? oTU »-) sTU HR-1
TEP, T-2p-1 TE®, rr-1¢-} Tewr -2 ¢} TENP , rFr-2¢-1
L4 LA L4 [44 L T ¢ ”
200 2.2 9.9 1000 11.4 1200 12,2
400 9.1 800 10.7
__Vaml-_i_ngemal‘dn_m:fzﬂ‘
| ] 1 L {
I 1 1 | 1 1 i
COEFFICIENT OF LINEAR THERMAL EXPANSION
TEwP O TE"r TP
lance ¢ | F-Vx 106 [ mance, p | ¢-1x 108 Bmance, ¢ | #=3x 106 Inance, p | #-1x 106
200 8.4 600 9.2 1000 9.8 1400 10,2
400 8.8 800 9.5 1200 9.9
alyes interpotated from graph and assumed ins 13
1 1 | 1 | | 1
ASTE-ASHE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS
.&nm_m&rms-s DL HEAT WOMBER.
Cr Ni Mo w Mn Si Ti c e
CHENICAL
COMPOIITION 19,25 L] 1,2811,25 11,15 0,55 {1 0,30 {g,30 Bai
reR CEONT
FORM
HEAY
TREATMEWT
REFERENCE Levy, A., "P:rformance of Materiale at Elevated Temperatures
for Mrcnﬂ and Missiles”, Marquardt Aircraft Co, , MP~595,
REMARKS Nomhll Composition taken from DMIC M:mo 42.
THERRAL CONDUCTIVITY
&tV -1 BTV Mm-1 BTU HR-? aTU Hr-1
TEP , T-2p-1 O, rr-2p-1 TP, rr-2 TEWP, FT-2£-1
r [4d L (43 r " 14 ”
212 8.4 522 9.8 932 1.2 1112 11.9
392 9.1 752 10,5




ASTR-ASAE JOINT COMMTTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

ASTA-ASAE JOINT COMMITTEE ON EPFECY OF
TEMPERATURE OW PROPERTIES OF AETALS

®

1ren Alloy--19-9 DL WEAY gt
m__ﬂ___.l NEAL e
Cr | Ni Mo w | Ma Si il ¢ Fe
CmpecaL
couwrosimion | 19.25{ 9 1,251 1,251 1,48 | 0,5310,30 1 ¢, 301 Ral
ran Cowy |
'?n!
TREATMEWT
REFERENCE Uaiversal Cyclops Stesl Corporstion.
[ Melting point: 2390-2018 F.
THERRAL CONDUCTIVITY
Ty -1 oty Ne-) STU k-1 TY -1
e, [er-2rd | oyeee, Qev-2e-t ) vEwp, lpv-deel | otewe, |Pr-2-)
[ L [ (A ] " [] [AJ
70 1.8 572 9.8 I 800 10,1 112 19
212 8.4 152 10,5 932 11,2 1200 12,
ASTA-ASME JOINT COMMITTEE On EFFECT OF
TEAPERATURE OW PROPERTIES OF METALS
.!!llm__gzaﬂ_“g!--‘ -9 Di, HEAT NUMBER
cr | Ni Mo .w Mo | si Ii [
cowoumion [19.25) o 1125 l1,25 11,15 loss | o30lo30 | Rat |
rER COMY
[WeAY
TREATMENT

Allison Diviei

REFERENCE  Gemeral Motors C

REMARKS Nominat Composition taken (rom DMIC Memo 42,

COEFFICIENT OF LBNEAR THMERRAL EXPANSION

o TEWP TOw TEWP
e Je-Txyh uance ¥ | p-Vx1of Fuance, ¢ | e~V x 108 fmance ¢ | r-1x10f
=20 8,52 | 80-600 9,31 ¥ 80-1000] 9.78 80-1500 | 10, 01
9,41 ] 60-800 1 9,57 ¥ s0-1200] 9,97
ASTE-ASME JOINT COMMITTEE ON EFFECT OF
TENPERATURE OM PROPERTIES OF RETALS
FMATERIAL  Iron Alloy.-19-9 DL HEAT WUMBER
cr | Ni W | Mo | Mn si_ jeb c Ti
CHNBMICAL
cowrommon | 1e.72f 9.32 1,33 [ 1,38 § 0,90 0,90 10,35 | 0,3 5
Fe
0.10 | Bal
rORY
WEAT
TREATWENT
MEFERENCE U, S. Naval Engineering Experiment Station,
REMARNS
COEFFICIENT OF LINEAR YHERNAL EXPANSION
e TR, § Toe Tewr
mance, ¢ le-Vx vl Drance ¢ | r-tx1of Jrance, » | r-Vx 108 Foance ¢ | #=1x 106
100-560 | 9,3 100-1000 | 10,0 100-16001 10, 4

102

ar ALl 1929 DI HEAY _NUMSER
Cr Ni_ ) Mo w Ma_ | Si cv c _TIi
cowotmon 119,320 9,29 11,308 1,21 10,95 10,77 16,71 10,36 10,05
[ K-
Fe
Bal
rORM Cast
WEAY
TREATMENT
KEFEABNCE U, S. Naval Engineering Exp:riment Station,
REMARKS
COEFFICIENT OF LIMEAR THERMAL EXPANSION
TENP TEMP e T
[nance ¢ | r-1x108 Fuance ¢ | e-1x10f fmance v | #-! xvof foance, v [add 8.
100-500 | 9,4 100-t000 | 9,9 100-1600 | 10,2
e
ASTA-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OW PROPERTIES OF METALS
Alloy=<19-9 DL HEAT NUMBER
cr i w Mn Cb < Ti_
omucaL LI'M! =
conrosmion 119,86 1 9,53 1 1,38.1 1,24 1 1.2 0.71 10,35 | 0.00 §
R CENY
Fe
Bal
KA%
TREATMENT
REFERENCE U, S. Naval Engineering Experiment Statioa.
EENARKS
COEFFICIENT OF LIMEAR THERMAL EXPANSION
Tae TEa TEw " e
wance, e | P13 108 [ wance, ¢ | p-tx 1ot lwance, r | r-)x wf Juance ¢ xwt
100-500 | 9,3 100-1000| 9,9 160-1600] 10,3
ASTR-ASME JOINT COMMITYEE ON EPFECT OF @
TEMPERATURE OW PROPERTIES OF /'"TALS
[ MATERIAL Iron Alloy~-19-9 DL HEAT NUMBER
Cr Ni o J*w | Ma_ Ii c Fe
CHEMICAL -Me St
courosimion  [19.25 9 1,25 | 1.25 | 1.15 {0.55 { 0.30 | 0,30 | Bat
PER CEOMY
FORM
REAT
TREATMENT
REFERENCE Haynes Stellite,
REMARKS Nominal Composition taken from DMIC Memo 42.
DENMITY
e, [T1-1 ™we, [CY-1) e, wscv e, | LY
M) [ -t (3 w1 L4 -1
Room, 0. 287 3
Data assumed fo bs at room tempe: rw'e.




ASTI-ASHE JOINT COMMTTEE ON EFFECT OF @
TERPERA

TURE ON PROPERTIES OF METALS

.mnm_xmmzs;?o WEAT WASER

cr Co Ni (v ] w Mo Mn < S
20,32120,204 19.65] 4.43 | 4.06 | 3.68 | 1.31 | 0.44 0.4

FREANMENY 16 hours - aix

Solution 2150+2250 F = 1 hour = water quenched - age « 1400 F =

SEPERENCE  Allegheny Ludlum St:-el Corporation,

AEMARKS Melting Range: 2400-2500 F.

- W
o OEII
U. S. Naval Engincering Experl » Maryland
COEPFICIENT OF LMNEAR THERMAL EXPANSION
~ixw

sty ;-1 sTum-1§ STU eV TY et
=201 | tTEe, |PY-2p-1 ] TENP, [PT-2F-1 ) TEMP, |FT-29-)
Lad [ [ad ’ lad [ lad
7.8 932 11,1 1112 12,0 1™z |19
9.2

COEFFICIENY OF LIMEAR THERMAL EXPANSION

-ASAE JOINT COMMITTE
TEAPERATURE ON PROPERTIES OF AET,

©

TENP Teue TENP
r-Vx1h § mance r | e=V x 108 Joance £ | r-Vx 108 [ mance, # | -t b

N2

0,13

, 03 70-752 8,22 10-1292 8,86 70-1652 9,29

292 270-932 8,44 70-1472 | 9,10 70-1832 9259

. 07 70-1112 8,58

Universal Cyclops Steel Corporation.

qu-‘ Tor, [stuis-tll Tee, jeTuLe-1] TEMP, |BTW 18-t
e-1 =1 [l pt [ (]

L4
0.10 17-932 0.10 77-1292 0,11

(X1~ TP, isov TEWNP, (Y- TEWP sy

Melting point: 2325-2475 ¥,

COEFFICIENT OF LMNEAR THERMAL EXPANSION

=lxwd

I

9.8

p-! 3 el ] -1 ¥ -1
2,301
ASTR-ASHE JOINT COMMITTEE ON EFFECT OF @
TENPERATURE ON PROPERTIES OF METALS
Jron Alloy~s5-590 AMS 5533 HEAT MNUMBER
Fe Cr Ni Co. Mo W Mn [od
24 _]20,5 20 | 20 4 4 4 1,25 ] 0,43
- -
98
Alloy Digest,
Nominal Compositioa taken from DMIC Memo 42,

THERBAL CONDUCTIVITY

Ty =t STU ie-t oTU -1 sTUm-*
=201 | e, [Fv-2r-1 1 vEwe, |Pr-2p-l | oTEwe, |PY-2pat

1.8 1 rx]

STy Lp-t
v-1

__Mf_;med to be at room
| 1

g
=

L8y
-1




ASTA-ASHE JOMT mm: O EFFECT OF @
TEMPERATURE OM PROPERTIES OF METALS
TMATRRIAL ___ iron Alloy——Multimet N=155 HEAT WoMgER
UMpER
Cr 1| Ni Lo Mo, 14 Mg ChiTa] € N
CDCaAL max,
CONPOUTION shg 20,0 | 20,0 3.012.5 1.5 11,0 O 0,15
s ciut
Fe
t
_%ﬁ Cast
AY
TREATMENT
REFERENCR  fiymes Stcllite Company,
REMARKS
THERSAL CONDUCTIVITY
STV Mr-1 U m-1 otu ==} . STU Ha-1
Ter, [r1-2¢-1) vewr, |[rr-2e-1) tEE, [Fr-2e-t | vew, |ev-le-l
|4 Lo L4 (4] ¥ (44 r "
kiH 8.4 752 10, 0 932 10,7 1152 11.6
5712 9.2
COEPFICIENT OF LINEAR THERNAL EXPANSION
TRV TO TEWP
 p=1x106 [ rance, ¢ | r-Tx 108 France ¥ {P-Tx10f Jmance ¢ | r-Tx1od
8,70 J70-] 9.10 J70-1200 | 9,40 70-1500] 9,77
SPECIFIC NEAY
e, [stuis-'f vewr, [srwis-1] Tae, |sTuis-1] TEw, jeTU LB~
[ 4 #-t ] r=1 ’ r-1 [] [ ]
Boom 1 01040+
__;u}mmét
) | 1 )| | 1 |
ELECYRICAL RESETIVITY
™, MCRONS- TEWP , MCROMN- TOP MACROM. TENP, MCROM.
L4 (-]} L4 (-] r (-} r (-}
Room 93.0
__m&r;mui_hn.nsin
1 1T B | |
sEasITY
™me, (X 1= oS, oy TOP, wmo TP, [K Y-
M ] -l [ [ i F -1 [ [
|Boom_1 0,2
Data assumed to be at room temperature,
i
!
1
ASTI-ASHE JOINT COMMTTEE ON
TEAPERATURE OM PROPERTIES OF METALS
MAVERIAL Iron Alloy--N 155 MEAT MUMBER
Cr Ni Co Mo v Cb c F:
CHEMICAL
COMPOUTION 205 01200 20,0} 3.25 2.5 1.1 0.2 Bal
rem CEdt
| FORM
MEAT
TREATMENT .
REPERENCE
Jerry E, Evans, Jr., "Thermal Conductivity of 14 Metals and
REMARKS Altoys Up to 1100 F*', Lewis Flight Propulsion Laboratory,
Reyearch Memorandum _RM E 50107, March, 1951,

104

THERBAL CONDUCTIVITY

Ty -1 STU HR-T BTV =1 STV -1
Tha R TR, rv-1¢-1 TEN P, FT=2p-} TENr, Y2~
L4 Y 4 T ¢ (4] ¢ (44
[ 260 .15 500 125 800 12.9 1000 13,8
300 10,05 600 11.8 900 13, 3% 1075 14.2
400 10,6 700 123
nterpolated data taken from a best curve,
— ' _ I I l I 1 I

ASTH-ASHE JOINT COMMTYEE ON EFFECY OF
TENPERATURE ON. PROPERTIES OF METALS

®

[ MAYERIAL _ [ron Alloy-—N 155 WEAT WUMBER
cr Co | Ni w { Mo | Mn | b c Fe
CHRIMICAL —
couposimon 1 20,68120.18 | 18.9 { 2,151 2,08 | 1,430,900 | 0,14 [ Ba1
raR cant
FORM
HEAT
TREATMENT
REFRRENCE U, S, Naval Engineering Experiment Station,
COEFFICIENT OF LINEAR THERMAL EXPANSION
e Tene T e
aance ¢ | e-Vx10f fance ¢ | p-1x10f france | e-Vx10f Buance # | F-'x
100-500 | 8.4 100-1600 | 9.0 100-1600 | 9.7 —

ASTU-ASHE JOINT COMMITTEE ON EFFECT OF
TEMPERATURE ON PROPERTIES OF METALS

®

[MATRRIAL _ Iron Alloy--N 155 HEAY_MNUMBER
Co | mNif w §ma |cp j c N
CnECAL —
cowrasition [ 21,06]20.25 ] 19.79{ 1.68 11,65 11,13 to,50 10,26 |o,08
PER CEMt
Fe
Bal
FORM
HEAT —
TREATMENT
REFERENC U. 5. Naval Engineering Experiment Station,
COEFFICIENT OF LINEAR THERMAL EXPAMSION
e O Tone Tewe :
mance, ¢ [e-txvel France e | e=Vx 106 fmance, v [ e-1x 108 Qmance ¥ | e-tx10b
100500 | 8,2 160-1000] 3,8 100-1600] 9.5
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
| MATERIAL __ Iron Alloy--N 155 HEAY NUMBER
cr Co Mo w Mn | Cb Si (]
CHEMICAL
coupourion  [21.23 120.84]20.63] 4.05 | 2.68 ] .26 ) 1.05 | 0.54 [0.22
*ER CEXT
Fe
Bal
™
WEAT
TREATMENY 2200 F = water cooled, 1500 F = held 4 hours.
REFERENCE U. S. Naval Engineering Experiment Stationa,
COEFFICIENT OF LINEAR THERMAL EXPANSION
THe Tene 0L T
mance, ® | e-tx 108 fwance p | e-x10f france ¢ | £V x 10f France ¢ | e-Vx10f
- 8.6 X 9.0 100-1600] 9.7




ASTRASAE JOuT COAMTIEE Ow EFFECT OF @
TEAPERATURE OW PROPERTIES OF METALS

[WaTERaL jrou Aliey--1i 155 WEAT WRATE

Lr Co w n Ch }1 [+
- Mi.{ Mo Mn 3
oneosmon 21,66 120,488 19,4 {296 | 19 | 1.74]0.79 Jo.37 |ou1s
ren cont

N Fe

o14] Ba1
| pORM
WEAT
TREATMENY

OEFERGKE U, S, Naval Engioeering Experiment Station,

[
COEFFICIENT OF LIMEAR THERNAL EXPANSION
o Tewr TEMP Tewr
¢ Jo-vmf Boance e [ p-1x 108 fmance r | -V x 108 Jmance v |e-txwt
500 | 6,8 100-1000 | 9,1 100-1600 |_ 9.8
| -
ASTB-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OX PROPERTIES OF METALS
MATERMAL  Lroa Alloy~oN 155 HEAT NUMBER

Cr Co. i c Mo W Ma | Cb
CoMPOSITION =%_&n._ﬁ_,_m.j) 6.5 &.15) 30 1 2.8 Ls l 1.0
Fe

N
[}
| PORM
NEAY
TREATMENT
AEFERENCE Materials Data Book No, 1, G 1 Electric C. y
REMARKS Hominal Composition taken from DMIC Memo 42,

COEFFICIENT OF LMEAR THERMAL EXPANSION

TOe
p_g,;_r-'xg ance e | e-1x b RINGI".F F-ixeh Brance, ¢ | -V x b
_m__z.z‘g___mo__xms__Lm__u.s_o__JﬂL 11,18

s _interpolated from gr and assumed to be instantaneous coefficients

ASTH-ASAE JOIMT COMMITYEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERIAL Jrom Alloy--Miltimet N-155 HEAT WUMBER
cr Co Ni Mo w Ma Chb C Fe

ChacaL
Cowosmion )20 .20 1 20

0] 2,5]1,8 1,0 | 0,121 Bai |
FER CBNT
| pos
WEAT
TREATMENT
*“Report on Materisls for Use at quuid Hydro;cn Tempenme"
BEFERPMCE by opared for the 6338 Anneal Meeting of the y
r Tes! Material
ERUARKS
COEPFICEENT OF LIMEAR THERMAL EXPANSION
™me TEe TEWP TRMP

[Rance. # Je-tx rance,r | r-ix ot Buance F | r-Vx 108 france ¢ | r-x 1
78=(-108)]" 7.1 8-(=32 65 J78--410] 6,0

105



S W it e

IRON BASE ALLOYS

24
"\ Ny, 'S o"o’

X 24 Ni-Fe oitoy,DS. 10

b

300 ~400 300 <200 100 [}
Tempercture, F

THERMAL CONDUCTIVITY OF IRON ALLOYS

A 34 Ni-Fe alloy,05.7
2 @ 28 Ni-Fe alioy, DS 1}
O Kowvar, DSR2 T
A 30 Ni-Fe olloy, DS 13
'—\ ¥ 44 Ni-Fe ofioy, DS.14
3.4 Ni-Fe \ O 5 Ni-Fe olioy,DS.IS
© 18 W- Fe alioy, 0S.2
, v 13 Mr-Fe (od),0S.24
© 13 Mn-Fe (normalized),08 29
. T
% 28Ni-Fe
. !
—: < \ ™
%=
T
2 13 Min-Fe (normalized)
@ 081 Ni-Fe
Kovor
2 e ONi-Fo
M /,/'“Ni-ﬁ
o}— !
.
.
0 400 800 1200 1800 2000 2400

Temperature, F
THERMAL OCONDUCTIVITY OF {RON ALLOYS
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JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE O PROPERTIES OF AETALS
[uATRRIAL WEAT WaBER
CoMPOUTION 1 11 0, 20
rez cont Ral.
Y
TREATMENT

RENARKS
COEFFICIENT OF LIMEAR THERNAL EXPANSION
TR THP T O
¢ 1r-Txwh Juance r | p-Vx1of Joance ¢ | r-Txwh Qoance # | F-txf
65 70-600 | 7.4 70-1 2.2 10+1
1.1 70-800 | 7,6 - 2
ASTI-ASME JOMY COMMIYTEE OM EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
rlﬂnlu__TsAL HEAT WAWER
Cr Ni ] Fe
macaL
COMPOSITION 20 | 3 1005] pat
rer oy
| powmy
WEAT
TREATMENT
BEPERENACE  U. 5, Steel.
[
COEFFICIENT OF LINEAR THERMAL EXPANSION
TEP TENP TN, O
mace ¢ §o-x1of Fmance ¢ | r-Vx10f [ mance ¢ | P-Vx 10 France ¢ | r-Tx 18
=200 | 5.5 70-600 | 5,9 T70-1060] 6,3 J70-1200 § 6.4
0. 5,7 70-800 | 6,1
ASTR-ASHE JOINT COMMITTEE ON EFFECY OF @
TEAPERATURE OM PROPERTIES OF METALS
WATERIAL ron Alloy HEAT WASER
Cr Ni Fe
omacaAL
COMPOSITION 22 1 2
PeR CaMT
| FORM,
NEAT
TREATMENT
SEFERENCE U, S, Steel.
2BARKS
COBFFICIENT OF LIMEAR THERMAL EXPANIION
TOP O O O :
jance, 7 -l e=Vx 106 | nance v | v-Vx 108 fmance v | P=3x 10 rance, ¥ | o=t x 10
[20-200 5.5 170-600 5.9 J170-jool 6.3 F70-3200] 6%
[10-400 5.1 70-800 fal :

107

ASTI-ASAE JOINT COMMWTTEE ON EPPECT OF
TEAPERATURE OM PROPERTIES OF BETALS

©

Iron Atl HEAT MUMBER
(43 Ex.
CRDECAL 24
COMPOSITION 25 20 Bal
R CEMT
REAT

REFERENCE U, 5. Steel.

REMARKS
COEFFICEENT OF LINEAR THERMAL EXPANSION
O O TBe 4 T
mance ¢ | r-tx108 fuance s | p-Vx1of france r [ p-x10f Qounce v [ r-tx st
202200 1.7 10-600 8.4 10-1000 8.9 70-1200 9,1
70-400 | 6,1 70-800 | 8,7
ASTA-ASHE lll‘l’ COMMIYTEE ON EFFECT OF @
TESPERATURE ON PROPERTIES OF METALS
MATERIAL _ Trop All WEAT_WUMBER
Cx Ni Si o
CoMPOUTION 0.1 10 L 15t pat
o0 cany
Ci
T
sEFEREWCE U, S, Steel.
RS
COEFFICIENT OF LIMEAR THERMAL EXPANSION
T g e e
nawce, s | o=t u1h Joance s | e-tu o foance v | e-tu s Joancer r-txwh
- a0 J70-s00 | 87 JX70-1 9.3 10-12001 9.6
70-400 8,4 J70-800 9,0 :
AST-ASHE JOINT COMMITTEE ON EFPECT OF @
TENPERATURE ON PROPERTIES OF METALS
MATERIAL _ Iron Al NEAT WUMSER
M re
CHEACAL
courosmion | 2 2c
PER CaMT
HEAT
TREATMENT
aermamnce  U. S. Steal.
REuASKS
COEPFICIENT OF LINEAR THERMAL EXPANSION
TEu TR | Toe TEw
RANGE, € __P:“LLL rance, ¥ | p-Vx108 [rance, p { r-Yx 10l Juance v | r-tx b
70-200 4 J76-500 | 7,1 70-1000 | 7,7 _F70-1200] 8,0
70-400_| 6,7 _J70-800 | 1,4




TIES OF METALS COEPRICIERT OF LINEAR TVERRAL EXPANSION
WEAT WABER
c st | Mol cals P
™ O
- 1 1x 108
aanct k| e-tx1f feance e | vt x oot | ~ix
0,33 | 0,17 | 0,07 |0, 083 {0,033 {0,031 ST T W TS ——
Fe
0,028 | 0,01 |0,006] Bal
| FORM
HEAT

ASTE-ASHE m COMMTTEE ON EFFECT OF
TeEATuguy Asmealed a1 860 C, TEAPERATURE ON PROPERTIES OF AETALS
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TEMPERATURE ON PROPERTIES OF METALS
THERMAL CONDUCTIVITY
m__m‘ Al ~Cvclons 17-A HEAT MUMBER
i | ¢ < Fe
p—— | i St - Mn \
aTv -1 aTum-1 sTU -1 TV -
CouPolTION 120,001 8,001 140 1 0,65 1 0.40 | Bal T, |Frie-i ) tee, (v | oree, (P26t | oTee, |20
ren cant ’ LR O " [ " [ al
424 0,95 =388 1.88 =316 3.3 =280 3,9
[ =406 1 1,44 =352 2,6
WEAT __ntnn.mqhmumrin gxaph., 1 1
s I 1 I 1 ] 1 i
REFERENCE Universal Cyclops Steel Corporatica.
ASTI-ASHE JOINT ON EFFECT OF @
TENPERATURE OM PROPERTIES OF AETALS
THERNAL CONDUCTIVITY
MATERIAL __ Tron Al WEAT WUMBER
c . lst Cu As § A1 » s
avv =t TU ==Y aTu wm-1 aTu me-1 CWEMICAL i Mo !
T, [er-2e-1 | vewe, |Fv-2e-i ] vewe, [F7-2f-1 ] Tew, | FT2e- cowrostont | 28.37 ] o.89 | 0.28 |0.15 fo.03 Jo,027 {0.012 Jo, 009 |0, 003
[] T v (Al [] (2] 3 " et —
100 113 Cr | Fe
Trace | Bal
COEFFICIENT OF LINEAR THERMAL EXPANSION [ Foru
'“Il::ﬂllﬂ Quenched at 950 C,
Powell, R, W., "The Phy Properties of & Serlea of Steels,
REPFEREMCE Section 1314, Notes on the Estimation of Th 1c Svity of
—_ O Steels™ Journal of the Iron and Steel Institute, 154, {1946) p. ll‘.
e letxwlence e r-txwh faance £ Fr-Tx10f Snance p | #-tx 06
ﬁ-ﬂz 9,33 Jsv2-n1iz] 10,00 f11z-1652 11,11
THERMAL CONDUCTIVITY
ASTM-ASME JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE ON PROPERTIES OF METALS aTu -1 sTY MR-1 TU -1 sTU -
e, [rr2rt ] v, {er-2e-1 ] ree, {Fr2e-0 | Tewe, jrva2p-d
¥ Al ] " . Al ’ Al
00 Allgy-=Cyclops 17-R WEAT NUMBER o 7.26 600 10,4 00 13,5 180 N
- 200 L, 22 800 1.5 400 14,5 200 3
cr | si Ma | € Fe . 00 12,6 0 15.4 219
[N |_Mn 400 43 [0
cowrosmon 120,001 8,00 | 1,10 {0,65 | 0,40 { pat
ren canv
AST-ASHE JOINT COMMITTEE ON EFFECT OF ( ::’
TENPERATURE ON PROPERTIES OF RETALS
| poRy
WEAT
TREATMENT WA
MATERIAL Iron Alloy-=Kovar HEAT ER
REFERINCE  Universal Cyclops Steel Corporation. ]
Fe i Mn [
CUEMICAL
coweonmion | 85,6 128,75 137,151 0,47 lo 017
THERNAL CONDUCTIVITY PER CENT
TV r-t 8TV M-t BTU M-V 8TU MR-1 %
e, [ev-2r-1 ) Tewe, {ev-2e-1] Teme, Qr7-2r-1 ] TOMP, {PY-2p-0 TREATMENT
|4 T . [ L4 T L4 T Silverman, L, "Thermal Conductivity Data Presented for
L Room { 13,2 REFERERCE  vVarious Metals and Alloys up to 900 C* Journal of Metals, 5,
- - ADC Technical Raport 56416,
Data is assumed to bs at room te za r.bn 2 As found 1 W Te Mat Pﬂ“lm
I I 1 l ] 1 1 [ RERARKY Test method; Co tive; rod
H mparative; 'N
1 1 1 | 1 ) § J

108



sty -t Ty -t STV -1 TV ;-1 . |erumr sTum-t oTU -t TV -1
T, {er-de-l | e, |Pr-2e-1] TR, |[Fye2r-) | YR, |PT-28-0 we, |rradeat | oree, [rra2e-1 | Tee, |er-2r-t | oteee, [rFr-2pa
[ Al ’ [al [ [a] [ (1] [ (A4 [ (3] " Al ¥ ”
Bl £21 9.2 981 10,4 1341 11,4 81 0.5 621 1 13 1161 2,2 1521 12,7
261 X 801 9.7 1161 10.9 1521 11,9 261 0,7 801 11, 1341 12,5 1701 12,9
441 N 441 FA) [T} 11
ASTM-ASHE JOINT COMMITTEE ON EFFECT OF
ASTA-ASHE JOINT COMMTTEE ON EFFECT OF TEMPERATURE ON PROPERTIES OF METALS
TENPERATURE ON PROPERTIES OF METALS
rm{m_ n Alloy--Mo! 65. HEAT NUMBER
MATERIAL iron Alloy WEAT WUMBER - M c v c 1 Mo P
(-3 $ 4 3
Nt Co Mn [+ Fe QUMICAL Si
CHREMICAL COMPOSI TION $0)150 140 |1,9 [083] 03 o3 |pal
coweoumion | 29,75 117, 0,47 10,017 | Bat rar cany
PaR CENY
| Foru
HEAT
- TREATMENT
;‘:::m Annealad at 900 C,
REFERENCE
STive Lo Thermal C y Data Pr 3 for Varl ENC| Universal Cyclops Steel Corporation,
REPERENCE  Mfetals and Alloys Up to 900 C", Journal of Metals, 5 (May, 1953)
Pa_631, REMARKS
THERMAL CONDUCTIVITY
COEFFICIENT OF LINEAR THERMAL EXPANIION
STV im-Y TV -1 STV MR- STy Wm-1
wme, [rrdet | e, jev2eat ) Tee, |FT2r-l | ovee, (PT-28-1
[ al ] 4] r FT r T
200 8,22 €00 9,14 10.2 1400 11 .vn: pelx 106 T - e Ve TENP -
00 . 71 800 9,68 J 1200 10,9 1650 12,3 ANGE, F X108 Jmance, ¢ | F-lx RAnGE F | P-1x 108 Jmance, # | rtx 1y
4 L [ 100-500 | 516 J100-1066] &.55 §100-1560] ©.68 ]
 Valuet interpolated from gragh 100-800 6,16 §100-1200 | 6.5
pENuTY
ASTR-ASAE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS

TENP gy TEWP (1] TEM, s cy TEMNP ey

=1 [ n-t [ -t r -1
NATERIAL Iron WEAT NUMBER p—— 73‘!;94 L
N Mn [} -1 Xe | assymed to be at room temperature,
CHEMICAL I I | I 1 I 1
COMPONTION 143,91 1 0,22 10,05 1 0,003 Ral
PER CENT
ASTI-ASME JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF AETMS
MEAT
TREATMENT WMATERIAL ___Iron Alloy-<Super M HEAT NUMBER
Silverman, L., "Thermal C y Data P d for
REFEREMCE  Various Metals and Alloys Up to 900 C" Journal of Metals, 5 Mo _Co_ cr w \'4 c Mo _: Si  F
‘ (May 1953) p, 631, m“:u
coMPon o201 40 LS 1225008zl 03 | 03 | pa
rER CENT )
THERMAL CONDUCTIVITY
| FORM
i HEAT
sV -t sTumm-1 STV HR-1 STV -1 TREATMENT
e, [erAr-t] e, (Frie-t] Tewe, |rre2r-1 | ovew, | FTe2p-t
L] [AJ 4 L i A4 r L) REFERENCE  Universal Cyclops Steel Corporation.
200 9,31 1 goo | 9,92 10,3 1600 10.8
400 9,56 1000 10,1 1400 10,5 1800 10
600 9,68
COEFFICIENT OF LIMEAR THERMAL EXPANSION
i i i 1 i H i
1 i | 1 1 1 1 1
ASTI-ASHE JOINT COMMITTEE ON EFFECT OF @ e =P A Tewr
TEMPERATURE ON PROPERTIES OF METALS mance ¢ Jr-Txief Fmawce b | e-tx 1ol Neance r | -V x 106 france F [ r-1x 108
- 62 - X =
| -100-800] _6.22 | | I"‘i —]
MATERIAL ron Alloy HEAT NUMBER l i 1
N Fe Mn [+ s DEWSITY
CHEMCAL -
couPonTion | 50,85 | 48,5 | 0,12 10,024 10,003
PER CENT
T, [TT-1] e, [TY-) o, [CY-T} we, | o
[ N-1 B -1 4 -1 [ 4 -1
HEAT -seom 0, 289
TREATMENT Data aseumed emperatyre
REFERENCE WADC Technical Report 58-476, "Thermophysical Properties
of Solid Materials,
REMARKS

109



ASYS-ASaf JOWT COMMTTEE O EFFECT OF
TESPERATURE ON PROPERTIEY OF METALS

®

[Baremal foon 4l HEAT NOMBER
Cr » h'd c Ma | Si | Fe
OmacaL
cowouron | o5 ol rsiraston los | 03! pat
e CooT -
| poRat
WEAT
TREATMENY
atrEsence 1 Cycieps C

e T ™ TEme
aace ¢ Je-Tuwh Jomce e [ r-tuwh Inance ¢ | r-1x0f Joance ¢ 1 x b
100-500 | 5.¢l JlomixT] . 66 ] 100-1200] _6.86 J100-1500] 7,07
100-8060 | 6,32
sty
-, [* L ] e, | LB =", uw o, (Y.
[) =0 [ -t ¥ n-1 r [ ad
|-Teom £, 289
Data assumed 1o be at roc= temperature,
L 1 1 I i I L
ASTS-ASAE JOMT CORMYTEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS
Irue Alley WEAY MUMBER
2] re
4 Bal

COBPRCIENT OF LMEAR THERMAL EXPANSION

The The O TEwp
¢ letx wace ¥ eV x ol france 7 | p-1 X108 Amance, ¢ | r-V x10f
0-200 5.6 Jii—ac b g6 Fy04 7.4 J§70-1200) 2.7
0 €0 FTieg | 2.0
ASTS-ASEE JOMT COMMITTEE ON EFFECT OF
TENPERATURE Ot PROPERTIES OF METALS
SATERIAL Irom Alloy NEAT MUMBER
CntscAL e o
COMPOSITION 4
rER cEMT 2al.
& ¥ as Caxhide,
UEAT
TREATMENT

COEFFICIEMT OF LMEAR TMERMAL EXPANSION

o Tew yeur

2 xw Jrace r [tz wh Irance r | e-1x 108 Srance v | P-'xwf
S3 gzoem o3¢ 170-1000 ] - 8.2
68 Ticdce | 7.4

110

ASTA-ALHE JOINT COMMITTEE OW EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
MATERIAL Al WEAT WUABER
w | cxl v lg 13 M | ce Al
QmacAL
:ﬂnﬂ 18,45 ] 4,26 Il.ms 0,715 | 0,30 1 0,25 } 0,07 10,064 10,04
3 B Mo Fe
o.oss‘ 0, 028 l 0,018 Trace] Bat
'nu!g
TREATMENT Amoealed at 830 C,
Powell, R, W,, "The Physical Properties of a Series of Steels,
REPERENCE  Section 1114, Notes on the Estimation of Thermal Conductivity
of Steel™, Journal of the Iron and Steel Institute, 154 (1946) p. 116,
[T
THERRAL CONDUCTIVITY
oty -t stum-? sTU M-t Ty -t
o, |ev-2e-t | v, [rv-2e-1 ) TRwe, |Pr-2p-1 | TEwe, | PT-28-0
[] Al [ T " T v T
%00 276 1800 .45 § 1400 15,19 § 1800 | 15,84
[ 400 .72 § 1000 .09 | 1472 15, 00 2150 | 16,91
1200 W12
Valnes interpolated f; Ta
1 i o | 1
ASTR-ASME JONNT OX EFFECT OF @
OM PROPERTIES OF METALS
MATERIAL ___ Trom Alloy NEAT NUMSER ]
Fe.
omeca. S ;
COMPOSITION 1
reR coeY 2l
| EORM
HEAT
TREATMENT
RMEFERENCE U, S, Steel.
RENARNS
COEFFICIENT OF LINEAR THERMAL EXPANSION
TE O Tor TEve
mance, ¥ | r-'xf Joance r | s-Vxof fuance ¢ | r-Tu 1l Anance ¢ | r-txwé
-200 6.2 70-600 1.2 70-1000 | 17,9 70-1200 | 8,2
6.8 __J10-800 7.6
ASTI-ASAE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE OM PROPERTIES OF METALS
[ MATERIAL m&lﬁ; NEAT NaBER
Ma Fe
omecal
oneoution | 1,25 | Bat
"luunt
TREATMENY
SEFEREXCE U, 5. Steel,
COEFFICIENT OF LINEAR THERMAL EXPANSION
o oW o8 TEMP
eance, v | e-Vx1ob fuance v | r-lx b Joance v | 2-1x 108 Quance v { P-Yx10f
[10-200 6.3 70-600 7.3 20-1000 | 8.0 70-12 3
[20-400 6.9 10-800 1.1




ASTI-ASHE JOINT COMMITTEE OM EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS

WATERIAL _N-TJ HEAT WusseR
My, St o P Aa Cr ]
courontion 1340 11,22 192240 -
ool el et e lid 00028 L00RA L 0ull)
| a1 | we
['N 2al
TREATMENT

Powell, B, W,, "The Physical Properties of & Serien of Steals,
QSPERENCE  Section 111b,  Effect of Heat Treatment on Electrical Realstivity
and Thermal Conductivity of 13% Ma, Steel", Journal of the

1roa and Steel Institute )54 {1946) p, 108,

BTV MR-V o7V r-t 87U et sty -1
e, [Fr-2r-t ] T, |Fr-2e-t ] TR, jPY-2P-t ] TEMP, |PFT-2P-)
[] (i [ r § e " [] [ad
[} 250 660 10 1100 12,1 1500 12.9
200 ¥ 800 11, 1300 12,5 1598 13,3
400 43 932 12,
Values interpolated from graph, Normalised 1030 C.
THEREAL CONDUCTIVITY
sTom-~1 oTY -1 STV Na-t sTvm-1
me, [Fr2r-1 ] T, |Pr-2e-1] TEMP, [FY-2e-) | oTEWP, | PY-2P-)
[] [ [] Al v " [] (4
9 1548 ¥ eoo 1 1660 ] 912 1660 1 1202 13.79
200 - 15,97 800 16,93 § 1112 14,88 F 1292 12,82
400 |
Yaloss in lated sxaph. cd At daxa
L Tt B C
TENPERATURE OM ES OF METALS

an_ugagrx VEAY WRaER
- ;

F
’

REPERENCR U, 5, Steel

COEFFICIENT OF LINEAR THERMAL EXPANSION

™me TR TR TEuP
e-txyoh foance v | #-Vx 108 fuance v | p=tx10f Ruance ¢ | r-ixoeb
bl 70-6 [

70-1000 | 7.6 10 1.8
b b 70-800 1.3

i

111





