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YSS Em@éﬁ Superalloys

BEN 72T ST R L 72 B B L) S

Manufactured with superior melting and forging technologies and exhaustive quality control
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Alongside the progress of gas turbine engines for aircrafts and power RRIG-BRIH
generation, superalloys have made outstanding advance. This advance Yasugi Works, seaside plant
has been supported by vacuum melting technology and many other steps

forward in manufacturing processes.

Since Hitachi metals began producing superalloys at Yasugi Works in the

1960s, we have invested great efforts in expanding and upgrading our

melting facilities, including equipment for vacuum induction melting, va-

cuum arc remelting and electro-slag remelting, and as well as forging fa-

cilities. This progress, combined with exhaustive quality control and cease-

less R&D, has built a superb record of manufacturing performance. YSS
superalloys have earned the praise and trust of our clients.
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RRIG-IWFITH
Yasugi Works, mountain side plant

HIGREARTT PRODUCTS

YSS EM#Aaxd. SEHRE, BUBREMIN TZRUCAED KU, #OEEH. #DEHHMEL TRESN. RFFH. FENR
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BRAGERmZEEEVN L THEDET,

YSS superalloys are manufactured as various forms of forgings, heat treated and machined forms, ground bars and rods and
ground strips, and are used in nuclear power, gas turbines, chemical plants, and components for automobiles and other applica-
tions. At Hitachi Metals Precision Ltd. the precision casting process being used to manufacture superalloy components.

HRE2—EVRT1RY JIyNIVIVRAYY TR HZAE—EVRAS—-EYT-2Z
Disks for gas turbines Shaft for jet engine Turbine cases for gas turbines
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HHEEHR IVIoVNNT BEREEn
Ground steel bars Engine valves Precision cast components



Bh&E1m Manufacturing Equipment
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Vacuum induction melting furnace
BIEEASARIPISBMAGEZRET & L CROEEIHHD—DOTI,
HHIFERNEKR ERTEEHORABREL5tonDEEFE AR
ZHLCHBDET,

The vacuum induction melting furnace is one of the most important facilities for
manufacturing superalloys.

One of our vacuum induction melting furnaces has a 25-ton melting capacity,
making it the largest in Japan and one of the largest in the world.

2 | BEZE7—BERBFS LU ILINORSITEERER
Vacuum arc remelting furnace and electro-slag remelting furnace
BICEREBZERINOIBMAGEZRET DHTICFER—7
BBBEIIIVINORSIEBEMRETIEOCENNETT,
SBHFRHFEMOEZE Y — U BEHEZENTYIH TERAL. 19594(C
BUDFZFRBELRUIC, TDHRIBICKEDFZFREL. &RA10ton
AV IVNFE TOEENFIRETT .

Vacuum arc remelting or electro-slag remelting is required for the manufacture of
superalloys to particularly stringent quality requirements.

We are the first in Japan to use vacuum arc remelting of special steels, installing

our first such furnace in 1959. We went on to install even larger furnaces, so that
now we can manufacture ingots of up to 10 tons.

3| ERBETL A

High-speed forging press

BIRBESNcAV TYMNIBERIBE TV A THRENE T e . D
TUR(F Mt HBEICHERINE T,

Vacuum-melted ingots are cogged by high-speed forging presses. These presses
are also used for finish forging.

4| EREREHE

High Speed Forging Machine

EROEBERE. B CUA[N SEERN DEE FOFENAIEETH
D, SEE CRENERUIZFOCENTEXT  MEKAD v INEM
PEARI2MORREFZEELTVET,

High speed 4 surface forging machine can forge in 4 directions at once at high
pressure, allowing for stable quality at high precision. We manufacture shaft for jet
engines and max. length of products is up to 12m.

25t EEFEBARF

25t vacuum induction melting furnace

4,000t HETL R
4,000t high-speed press
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BEET7-7BBRIE

Vacuum arc remelting furnaces
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High speed forming machine

SmimE
Closed die forging

Y—EVTARD  TU—REIRERIRCI DI TIEICIDEE N
FJ. BHEFEREHOFEI0.000lbsOIT 7ROV I\ —H
TS RBEZBLCHDET,

Items such as turbine disks and blades are manufactured by closed die forging into
the optimum forms. Our air drop hammer 30,000lbs of press capacity, making it
one of the largest in Japan.

6vvo=L |
Ring mill

U IS RIFUY I IVICKDREZT o THDE T UV ISV,
JVEa—5HIHIC L D2 EEELN AL CHD MBERICE DI IESE
W CE B—FHTHRIETEDCHMBDESDENDNELIEDET
FIEREU I DEEDTIRETT

We manufacture ring-forged items by the ring mill. The ring mill can be operated
fully automatically, under computer control, to meet quality requirements. Rolling

operation can be repeated under identical conditions, so there is very little varia-
tion in quality. We can also manufacture shaped rings.

SRR D KOS RS

Bar and wire mill

PRSI NTeE Ly AR E R F e A R iEE CRTE DAL EF
SNET,

B ST ORISR EIFEEICRORELZEDLDDT. KR
BRETIEOTHDET,

Cogged billets are finished to the required dimensions by bar or wire rolling mills.
The properties of superalloys are the function of hot-finishing conditions, there-
fore, strict management is performed.

| 8| HH\EEED LU EIEERR

Ground bars and wires
MZERANIVNSE DY ERMEEDE. 51ik HELEDTIET
FIEAICH EFSNET,

After wire rolling, fine components such as aircraft bolts are further processed by
drawing and grinding to finish them to the required dimensions.

YogIn
Ring mill

BE 2L W%
High-precision centerless grinder

ﬁ%s»

Bar and wire mill



oo e {RalE, TRZTRIFE Quality Assurance/Research & Development

B R Quality Assurance
BNICHEMASEZERET DICEITEEMOREESENEDH TEETT,

Quality checking between processes is extremely important in the manufacture of superior superalloys.

n {EZEDIRE Chemical analysis inspection

BMAESEDEFERE. TORFEICHURDERLFRF CTHD. BELFEEN
WETY , CODICIFEAEMEIDDHTD SIAED GRRRDFHDHEST
[CRIERBEICTODMDREIATENDNE T,

The chemical compositions of superalloys are the most important factor controlling charac-
teristics, and requires strict management. This analysis starts from the raw materials as they

are added and continues rigorously through in-furnace analysis during melting, and on to
the final product.

E ERIREGRE Ultrasonic flaw inspection

PLvh. o3 EHERICHL Tld. B R RS CIE DR NE
o I TR EE DRSS I TR . kBB R 8
(B TRES N RERED —BEB<ENET ., bt il adon

Emission spectrometer

Internal defects in billets, bars and forged items are detected by ultrasonic inspection.
Forged items such as turbine disks are inspected in an immersive ultrasonic detector after
machining, further enhancing inspection precision.

B RERPBIRE Surface flaw inspection

KEXMBERERBRGREFCIRAEZERERE CRESIN. HEDRE
ZRIAELTVET

Surface defects are detected by penetrant and fluorescent penetrant inspection to guaran-
tee the quality of the product.

n FE i 5% Mechanical testing

SEREBRB IO U—TSTFv—HBREICLDE RN SERICEDILEE DR
EIEBEZRIEL CTVE T,

Mechanical properties are guaranteed across a wide range, from normal to high tempera- KBBERIRS
tures, by tensile, clip rupture and other tests. Immersed ultrasonic inspection

TRFHIFE Research & Development
HBMASEOMRISTDIELITEONTHD . BFIRMIREFICK DI IO PIEC DEMEIERZEREL T HREDE.
SLEFMIIC DOV T DI, ESICIFFHEZDRFEICEDEA TN,

Hitachi Metals work constantly on R&D for superalloys, using micro-scale analysis with electron microscopes and other tools, and a
range of mechanical tests, to research performance improvements and manufacturing technologies and develop new alloys.

™ SRRRENIBREE
F'. High-speed hot processing
& reproduction system

BRRHAEREY
BFBENE

Field emission
scanning electron
microscopy

ERES 77y ERARE IV=T 57 Fr—R B
High-temperature fatigue crack propagation tester Creep rupture test



MG E DY Properties of superalloys
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REMES & DL AR S IREFIIESR

It = B K (wt%)
YSSHEELE H 4 & 2 Chemical composition
YSSstandard | Equivalent alloy
symbols
<hyyy 2| HRABOD incooysoo [ 003 [ 20 [ a2 [ — [ — [ — [ — o4 [04 |Ba [
% 4t %! HRA80OH | Incoloy800H 0.08 | 20 32 — — — — 0.4 0.4 Bal
Matrixreinforced | HRA825 | Incoloy825 | 003 | 21 | . 2 | — | 3 | - |- — | 09 | — | Bal |
® 1t #| HRA155 LCN155 0.12 21 20 20 8 25 1 — — Bal
8 MTHEIEE TyRasots | — | 04 | 275 | 145 | — | — | = | = | = | - | Bal |
ol 2T L R [ e |~ - - - - - - -~ [ - - - - -~ - - - (SR~ - - = - = - - R - - = - - - - = - R - - = = === == === == mm oo
MR 2 hardened HRA3025 — 0.4 29 25 = — — — = — Bal
e HRA286 (286 | | 004 [ 15 [26 | — [ 18] — [ = T 215|025 ] Ba [
td] § HRA57 V57 0.04 15 26 — 1.3 — — 8 0.3 Bal
2| o | HRASOD incooyot | 004 | 13 |48 | = |6 | = | = 20 |0z | Ba |
€|} wizh (e w| HRA26  |Refractaloy2s | 003 | 18 | 38 | 20 | 82| — | — 26 |02 | Bal |
Gemmapime | HRA903 | Incoloy903 003 | — 38 15 — — 3 14 | 07 | Bal
e 1RA904 incoloyoo4 | 004 | — 325 | 145 | — | = [= 1723 |08 | Ba |
HRAS29 | — | 003 | — | 203 | 165 | — | — |4 | 125| 085 Bal |
HRA929C — 0.03 2 29.5 225 — — 4 1.25 0.55 Bal
HRNGO0 | Inconel600 | | 003 | 16 | | Bal | = .- ol . i S S AN B
HRN60T | Inconel601 | | 003 | 23 | | Bal | B o [ S SRR UL . 0 DL s JUUN RSO
HRN625 | Inconel625 | | 006 | 2t | | Bal | — | 9 1. - 3603 | 03 | — |
HRNEY0 | Inconel60 | | 003 | 29 | | Bal | = .- ol I i DS SO UL DS
vkyyyz|SOR2 | o] 003 | 75 | Bal | = |- ol . - . 05 | .45 | 4 |
B {t  E | HRN3060W = 0.4 30 Bal — — 8 — 0.15 — 10
wokrentoced | anga | inconls2 | 002 | 20 | Bal | — | = | — | 25| 05 | = | — |
HRNB | Hastelloy B | | 005 | — | Bal | — |2 | S I I S A2
HRNC | HastelloyC | | 0047 16 [Bal | — |16 ] S I I i 2T
HRNC276 | HastelloyC-276| 001 | 16 | Bal | — |16 | 4 | — | — | = | 55|
HRN X Hastelloy X 0.07 22 Bal 15 9 0.6 — — — 18.5
HRN750 Inconel X750 0.03 15 Bal — — — 1 25 0.6 7
;s FAN7S1[inconelrst | 004 | 15 | Bal | = | = | = | 1 24 [z | 7 |
%8 HRN718 |inconel7i8 | 003 | 19 |53 | — | '3 | — | 5 |08 | 05 | Bal |
o2 HRN706 Inconel706 0.05 16 42 — — — 3 1.8 0.3 Bal
o HRN979 D979 | 005 | 15 | . 45 | - e 4 |- - | 3 |1 ] Bal |
N HANSOA | NmoricBoA | 005 | 20 | Bal | — | = | — | = a3 |tz | — |
e HANSO | Nimonico0 | 007 | 20 | Ba | 18 | — | — | — 24 |14 | — |
= HRN105 Nimonic105 0.14 15 Bal 20 5 — — 1.2 4.5 —
seroqs HRNESZ W25 | 04 | ts | Ba |0 | d0 | = | = a5 |1 | = |
7 ti 24 {2 | HAN WAS | Waspaloy | 005 | 195 | Bal | 135 | 425 — | ="y as |-
Gammaprime | HRN41 Rene41 005 | 19 Bal 11 10 - - 32 | 15 -
oo o700 | inconei700 | 043 | 15| Bal | 28 | as | = | = | a2 |82 | = |
HRNS00 |Udimetsoo | 006 | 18 | Bal | 18 | 4 | — | — |3 |29 | — |
HRNS20  |Udimets20 | 004 | 19 | Bal | 12 | 6 | 1 | = |3 |2 | — |
HRN700U |Udimet700 | 007 | 15 | Bal | 19 | 5 | — | — 133 |43 | — |
HICOROY11| = | 004 | 20 |85 | — |3 | — | 37| 15 |05 | Bal |
HRN713C _|Inconel713C | 0.12 | 125 | Bal | — | 42| — | 2 o8 | &1 | — |
HRN713LC |Inconel713LC | 0.05 | 12 | Bal | — | 45| — | 2 |06 |59 | — |
HRN738  [IN738 | 017 | 16 | Ba | 85| 17| 26| 09|34 |34 | — |
HRN100 IN100 0.18 10 Bal 15 3 — — 4.7 5.5 —
i 8 HRC816  [ssle | 036 | 20 [ 20 [Ba | 4 | 4 [ 4 [ - [ = [ — [
@e|® b M HRCGS |Le05(HS25) | 012 | 20 | 10 | Ba | — |15 | — | — | — | — |
#ig AT HBEACE | HRc1gs | Haynes188 000 | 23 | 238 | Ba | — [ 15 | — | — | — 2
£ 8 |Qarbide precipitation [ == oo o e e oSS oo oooooooooooioosoooooooes
Z%|  hadened | HST6 | HSe | 1.0 | 3 | 2 | Bal | - . 4 | S e S o B
ns HRC332 — 0.1 28 30 Bal — 3 — 015 | — 18

H1) T2 B E 2O EBEERLZHDTHY)  RAEBR/IMELRIE TN TIEHIEE A,
7£2) Incoloy, Inconel®£UNimonicld. The International Nickel Company, Inc. Haynes# & U'Hastelloyld.Haynes International Inc. Rene'41id.Allvac
Metals Company (a Teledyne Company). Waspaloy!Z. United Technologies, Inc. Udimetls. Special Metals, Inc. DESEFZETY

Note 1 Data are typical average values for alloys, and as such give no guarantee of maximum and minimum values.
Note 2 Incoloy, Inconel and Nimonic are registered trademarks of The International Nickel Company Inc. Haynes and Hastelloy are registered trademarks of
Haynes International Inc. Rene'41 is a registered trademark of Allvac Metals Company (a Teledyne Company). Waspaloy is a registered trademark of
United Technologies, Inc. Udimet is a registered trademark of Special Metals, Inc.



Table 1 Chemical composition and standard heat treatment conditions for superalloys

=

U b1 x

Heat treatment conditions

F & A &

Main applications

_1130C/1h/WC ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (b2T 5N,
_1130C/1h/WC ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Chemical plant components

Cu 2.0 950C
,,,,,,,,,,,,,,,, No15s | 175CAhWCH8ISCAwWAC | 778715 TLFpi /N Afterburners, prechambers
7777777777777777 No2 ~ jasCast MHZ(F41 Heat-resistant furnace materials

NO0.2 as Cast

980C/1h/OC+-720"C/16h/AC

930C/1h/OC+-720'C/8h/FC+620C/8h/AC

HAZ—E B EBARIVE Gesturbine components, high-temperature bolts

2L SRR 2450

Low thermal expansion super heat-resistant components

1040C/1h/WC

1175C/1h/WC

MHER{LAEE SR dn

Oxidation-resistant structural elements

[ F D ARG

Atomic power components

=R AR S R R
Welding rods for high-temperature components

=
T 22 B &
Corrosion-resistant components

TN ERER et engine components

1150C/2h/AC+840C/24h/AC+705C/20h/AC

Efﬂm%ﬂgﬁﬁ High temperature resistant components

BBERESH

Traffic exhaust valve

HZZ—E B
Gas turbine components

HZ2—E B
Gas turbine components

JryhI T ERS
Jet engine components

HRa—EL B
Gas turbine vanes
B 0.014, Zr 0.06, V 1.0 | as Cast
T | M75CANWCHT7BOCHGNWAC ] INTUb Buckets
el To|M28OCHNWAC | PzybIZUEBAR Jetengine components
,,,,,,,,,,,,,,,, La0.05B0.005  |1175CAC  |BZE& Combustion chamber components
b= Mme0COShAC IO—Ya»Y—JVF Erosionshields
— as Cast mﬁfﬁﬁ Heat-resistant furnace materials

) AC:Z2%  OCHHA  WCIKA
Note AC: Air cooling, OC: Oil cooling, WC: Water cooling.



X2 EMEASEOES E5 RS

0.2%fit 71 (N/mm2)

% % 4 7 |YSS#kae| @i 0.2% proof strength
Series Type YSS standard |Hardness
symbols (HB)
<vryy4 x| HRA8O | 130 | 230 | 170 | 170 | 175 | 170 | 145 | 125 | — | I 555 | 480 |
3 {t #|HRA80OH | 135 | 235 | 175 | 175 | 180 | 175 | 150 | 130 | — | I 560 | 490 |
Matrix reinforced HRAS825 — 325 — — — — — = — = 690 =
g ft #|HRA155 | 229 | 400 | 335 | 315 | 290 | 270 | 250 | 220 | 190 | R 815 | 640 |
8| B 4RA3015 217 | — - — - - - - - - 575 | —
@ |Carbide precipitation == - === - oo e o oo ool o oo ool oo
Mg 2, hardened HRA3025 223 = = = = = — - — = 560 —
gﬁ% |HRA286 | 302 | 710 | 610 | 610 | 610 | 530 | 450 | ol — | 1060 | 80 |
) |HRAS7 | 331 | 830 | 760 | 750 | 745 | 630 | 510 | ol — | 1170 | 990 |
‘*"§§ HvvT5qs HRASOT | 875 | 910 | 780 | 770 | 760 | 700 | 645 | S IO N — | 1280 | 1020 |
S\ irmqeR | HRA26 | 801 | ee0 | — | — | <= | — | T | — | T | o mno - |
Gemmaprime | HRA903 355 | 1050 — 800 | 780 — — — — — | 1300 —
repteten e RAgo4 | ape | 960 | — | 540 | 495 | — | — | = | == lwa0s | — |
|HRA929 | 352 | 1070 | — | - S SO\ I St B S A N 1805 | =
HRA929C 366 | 1120 — - 890 — — — — — | 1320 —
|HRN600 | 174 | 295 | 220 | 210 | 200 | 195 | 180 | 140 | 90 | 65 | 680 | 550 |
|HRN60T | 201 | 455 | 345 | 330 | 310 | 270 | 230 | 180 | 130 | 9 | 770 | 630 |
|HRN625 | 212 | 490 | 415 | 420 | 420 | 420 | 420 | 365 | 300 | 240 | 965 | 900 |
|HRN6%0 | 197 | 310 | 245 | 230 | 210 | 190 | 170 | - ol . 710 | 565 |
<ryys x|SOR2 | 223 | 510 | — | 43 | — | 425 | — | 30 | — | 180 | 90  — |
5 Mt E HRN306OW | 217 | — | i | e — T — T — | 560 | — |
Matrix reinforced HRN82 _ _ _ _ _ _ _ _ _ _ — —
|HRNB | 204 | 385 | — | - i i i IO B S At . 875 | — |
|[HRNC | 204 | 350 | — | - i i i At i i B - | 8% | — |
|[HRNC276 | 201 | 355 | — | - — | 25| S S R 215 | I 78 | =
HRN X 192 | 360 | 290 | 285 | 275 | 270 | 265 | 230 | 200 | 160 | 785 | 640
|HRN750 | 302 | 700 | 620 | 610 | 600 | 590 | 550 | 405 | 300 | 160 | 1150 | 1035 |
2 |HRN751 | 321 | 850 | — | - S - 785 | — | 625 | — | 305 | 128 | — |
2’52 |HRN718 | 401 | 1125 | 1015 | 990 | 960 | 890 | 815 | - ol —_ | 1380 | 1185 |
402 |HRN706 | 352 | 980 | 905 | 880 | 860 | 790 | 720 | - S IO N — | 1280 | 1130 |
Hg |HRN979 | 401 | 1000 | 920 | 900 | 880 | 770 | 670 | 520 | 360 | - — | 1400 | 1260 |
£ 8 HRN80OA | 302 | 670 | 530 | 540 | 550 | 530 | 510 | 420 | 300 | 210 | 1050 & 865 |
0 g HRNSO | 321 | 810 | 720 | 700 | 680 | 615 | 550 | 440 | 310 | 205 | 1235 | 1060 4
= |HRN105 | 321 | 830 | 770 | 770 | 760 | 750 | 740 | 650 | 530 | 415 | 1180 | 1125 |
#rvT5qn HRAN252 | 326 | 840 | 760 | 750 | 745 | 730 | 720 | 630 | 530 | —_ | 1240 | 1220 |
# s |HRNWAS | 341 | 795 | 720 | 705 | 690 | 685 | 680 | 620 | 550 | 440 | 1275 | 1160 |
Gemmaprime | HRN41 388 | 1040 | 1015 | 1010 | 1000 | 970 | 850 | 740 | 600 | 470 | 1400 | 1390
eBEeT e RN700 | 811 | 710 | 665 | 665 | 655 | 640 | 615 | 515 | 430 | 805 | 1200 | 1020 |
HRNS00 | 366 | 840 | 780 | 775 | 760 | 745 | 730 | 640 | 540 | 430 | 1310 | 1240 |
HRNS20 | 341 | 810 | 755 | 750 | 750 | 745 | 735 | 670 | 580 | 470 | 1250 | 1170 |
|HRN700U | 375 | 965 | 890 | 870 | 855 | 840 | 830 | 760 | 670 | 550 | 1410 | 1270 |
| HICOROY11| 341 | 900 | 745 | - —. | .75 | 645 | — | O IO B —. | 1225 | 980 |
|HRN713C | 321 | 760 | 710 | 710 | 715 | 730 | 740 | 650 | 540 | 445 | 870 | 80 |
| HRN713LC | 321 | 770 | 750 | 750 | 785 | 770 | 755 | 690 | 600 | 450 | 895 | 890 |,
HRN738 | 341 | 950 | 850 | 830 | 810 | 805 | 795 | 710 | 600 | 500 | 1095 | 1090 |
HRN100 352 | 850 | 880 | 890 | 890 | 875 | 855 | 800 | 740 | 490 | 1015 | 1095
b2 |HRC816 | 269 | 550 | 410 | 405 | 400 | 370 | 305 | - ol . 990 | 800 |
gﬁéﬁf fe #|HRC605 | 230 | 460 | 250 | 240 | 240 | 250 | 250 | 250 | 240 | 220 | 1000 | 780 |
#ig | A7 H LR | HRoqgg 230 | 450 | 300 | 300 | 300 | 205 | 200 | 270 | 260 | 230 | 920 | 730
=< 8 |Carbide precipitation [ === === oo oo oo o oo o o oo oo oe oo oo oo oo oo
22| hadened |HST6 | 352 | 630 | 450 | - ] e Sl S 320 | 270 | 220 | 1010 | 860 |
03 HRC332 223 | — - - - — - — - - 525 | —

1) T2 B EEOFINEBIEERLI-DDOTHY  RAE I HR/IMEZRIT T 2D TEHIFE A,
7E£2) Incoloy, Inconel&£UNimoniclE. The International Nickel Company, Inc. Haynes® L U'Hastelloyld.Haynes International Inc. Rene'41ld. Allvac
Metals Company (a Teledyne Company). Waspaloy!Z. United Technologies, Inc. Udimetid. Special Metals, Inc. DESREIZ T,

Note 1 Data are typical average values for alloys, and as such give no guarantee of maximum and minimum values.
Note 2 Incoloy, Inconel and Nimonic are registered trademarks of The International Nickel Company Inc. Haynes and Hastelloy are registered trademarks of
Haynes International Inc. Rene'41 is a registered trademark of Allvac Metals Company (a Teledyne Company). Waspaloy is a registered trademark of
8 United Technologies, Inc. Udimet is a registered trademark of Special Metals, Inc.



Table 2 Hardness and tensile properties of superalloys

BliRiEE  (N/mm?) fa 0 (%)

Tensile strength Elongation

850C | 900C

.l - - BN - B o B - B - B - B -
,,,,,,,,,,,,,,,,,,,, - |\ -l =l -l =\ — | = 1.8 =\ -l =\ - =l = |l = |1 =
- 600 | — - - 440 | — 55 | — - 60 | — - - 70 | -

R N i — 90 | — | 75| — | 360 | 3 | = ] o I B CZ2 i 6| = | 34
,,,,,,,,,,,,,,,,,, 1145 | 1100 | 1000 | 880 | — | — | — | 21| 20| 20| 21| 24| 29| — | — | —
,,,,,,,,,,,,,,,,,, 1080 | 1030 | 80 | 750 | — | — | — | 19, 19| 21| 24| 26| 30| — | — | —
,,,,,,,,,,,,,,,,,, 1130 | 1010 | 860 | 720 | 570 | 420 | — | 16 16| 18| 20, 18| 18 | 18 | 18 | —
830 | 790 | 710 | 620 | 495 | 360 | 250 33 36 28 21 19 16 21 27 | —

,,,,,,,,,,,,,,,,,,,, — | .90 | 784 | — | — | — | — [ 8| | — | 18| 8| — | <= | = | =
R 865 | 870 | 900 | 930 | 865 | 770 | 660 | 8| 10| 8] 71 6] 5 | 8 | 12 | 16
R 920 | 1070 | 910 | 940 | 880 | 825 | 660 | 5] 1] 0] 11 LI 0] 10 | 12 | 16
R 1085 | 1085 | 1030 | 980 | 900 | 810 | 695 | 6| 5| 6] 71 6] 6 | 8 | 0] 11
1110 | 1120 | 1105 | 1080 | 995 | 905 | 760 9 9 8 6 6 6 6 6 6
760 | 735 | 660 | 600 | — — - 26 22 20 22 28 35 | — — —
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X3 BMRASEDS TF v —REIFE

35

Series

YSS ffgiL s
YSS standard symbols

100h#E B33

(N/mm?2)

100h rupture strength

I T X . 210 | 150 | 105 | 8| 51 |
Mot einforced | HRABOOH | = - loomo (I 86 |
HRA825 = = = = =
e mmqem| HRAISS L 33 20 | 200 | 150 | 1m0
& Carbide precipitation HRA3015 7777777777777777777777777777777777 e I = [ 49 7777777777777777777777
w2 IS HRA3025 - - - - 60
i HRAZes | 420 | 305 | 20 | 20 | 4 |
2 | HRAS7 5% 40 | 20 | = | S
3‘“*‘3 | HRAgOT | 635 | 505 | 35 | 210 | 05 |
Ela, s HRA26 | 50 | U e D RO s
L T T — = _ - = -
precipitation hardened HRA904 — — — — —
| HRA920 | 540 | IR I S SO S R
HRA929C 590 — — — —
| HRN6OO | R S S R S 2 |
| HRN6OT 260 | 145 | o 1 A st |
| HRN625 440 | 3 | 280 | 150 | @8 |
| HRN6SO | 170 | 1m0 69 | 44 | S R
T s SUSU FA R S S I R 176 SR R
Matrix reimforced | | .HBN3osowW_ | — et W s s N [
| HRN82 i R R R B PR R S
| HRNB 340 | S I S m. N R
| HANC T N IR I S 125 | S R
| HRNC276 1 R R T T o R
HRN X 280 210 155 110 76
| HRN750 | 570 | 440 | 310 | 200 | 20 |
3 | HRN761 | - - i S 175 | R R
e CHRN7IS 20 | 53 | 8% | 215 | i D
NIE= | HRN706 | 690 | 50 | %0 | o= S R
g | HRN97Q | 610 | 500 | 30 | 265 | 165 |
N  HRNSOA | 570 | . 435 | 800 | 190 | 15 |
0 g | HRNO 585 | 460 | 340 | 235 | %0
= | HRNTOS 810 | | 660 | 510 | 370 | 260 |
| HRN252 | 675 | ... 530 | 400 | 280 | 18
PAXTOALMERICR | wRNwAS 755 | 600 | 40 | st |20 |
precipitation hardened | HRAN41 | 70 | 670 | 510 | 35 | 240 |
| HRN700 690 | i DA s 2715 | i R
| HRNSCO 920 | 680 | 500 | 3% | 20 |
| HRNS20 | - 570 | 45 | % | 20 |
| HRN7OOU | = 690 | 570 | 40 | 80 |
| _HICOROY11 | — R S T S
| HRN713C | - - | 600 | 460 | 340 |
| HBRN713LC | s - ...5% | 470 | 345 |
| HRN738 s - .60 | 50 | 80 |
HRN100 = = 635 525 410
M £ HRC816 440 30 | 205 | 150 | 115 |
B2 gt o A7 s g s teo | L
%{ T Carbide precipitation 240 | 170 | - 0 |
22 hardened 230 | 180 | 13 |
e HRC332 — — — — 70

A1) T2 B EE DTN EHEERL-DDTH) RATIR/IMEE R T 2D TRHIEL A,

7£2) Incoloy, Inconeld &U'Nimonicl. The International Nickel Company, Inc. Haynes#&U'Hastelloyld.Haynes International Inc. Rene'41id. Allvac

Metals Company (a Teledyne Company). Waspaloy!Z. United Technologies, Inc. Udimetid. Special Metals, Inc. DESREIZ T,

Note 1 Data are typical average values for alloys, and as such give no guarantee of maximum and minimum values.

Note 2 Incoloy, Inconel and Nimonic are registered trademarks of The International Nickel Company Inc. Haynes and Hastelloy are registered trademarks of
Haynes International Inc. Rene'41 is a registered trademark of Allvac Metals Company (a Teledyne Company). Waspaloy is a registered trademark of
United Technologies, Inc. Udimet is a registered trademark of Special Metals, Inc.



Table 3 Rupture fracture properties of superalloys

1000h 7 B 5%

(N/mm?)

1,000h rupture strength

52 34 220 160 115 - 52 33 21
,,,,,,,,,,,,,,,,,,,,,,,,, 66 | 3% | 40 | 80 | =200 | 76 | 66 | 3 | = —
,,,,,,,,,,,,,,,,,,,,,,,,, 2 | o= = =Ty ree T T
S s N SR 560 | ¢ 30 | 220 | = | R B Y I -
R R N SR 580 | ¢ 360 | T O R N R I -
,,,,,,,,,,,,,,,,,,,,,,,,, ©® | - | %0 | 40 | 280 | — | % | — | =
,,,,,,,,,,,,,,,,,,,,,,,,, 63 | 29 | 40 | 80 | 200 | 165 | 63 | 27 |  —
,,,,,,,,,,,,,,,,,,,,,,,,, 64 | 3% | 40 | 80 | 240 | M5 | 84 | 388 | =
,,,,,,,,,,,,,,,,,,,,,,, 65 | 9 | 680 | 8% | 30 | 150 | 165 | 9 | 48
,,,,,,,,,,,,,,,,,,,,,,, 20 |  — | %0 | 40 | 28 | 20 | 120 | — | T
,,,,,,,,,,,,,,,,,,,,,,, % | 7™ | 60 | 40 | 385 | 18 | 1 | 7 | T
,,,,,,,,,,,,,,,,,,,,,,, w | 9 | 60 | %0 | 80 | 210 | 1 | 9 | = —
SR U DU ol %0 R IR S 240 | R ST -
,,,,,,,,,,,,,,,,,,,,,,, ‘60 | 10 | 75 | 810 | 80 | 25 | 10 | 10 | 74
,,,,,,,,,,,,,,,,,,,,,,, % | - | %8 | 45 | 30 | 240 | 180 | — | =
,,,,,,,,,,,,,,,,,,,,,,, 285 | 16 | 705 | 580 | 46 | 260 | 23 | 150 | 87
R R N R T S R IR R m— 330 | N R I -
,,,,,,,,,,,,,,,,,,,,,,, 20 | 1 | - | 6% | 45 | - | 20 | 170 | 115
,,,,,,,,,,,,,,,,,,,,,,, 245 | 10 | ~ — | 600 | 40 | 340 | 25 | 175 | 115
,,,,,,,,,,,,,,,,,,,,,,, 265 | 180 | ~— | 6% | 55 | 345 | 26 | 175 | 115

315 210 - - 535 370 295 205 135
N R N R 340 | 25 | 145 | 395 | 0 = -
,,,,,,,,,,,,,,,,,,,,,,,,, %4 | 6 | 26 | 210 | 165 | 15 | 9% | 67 | 47
,,,,,,,,,,,,,,,,,,,,,,,,, 84 | S |  — | 240 | 180 | 125 | 8 | 58 | 34
,,,,,,,,,,,,,,,,,,,,,,, " | 7 | 80 | 240 | 180 | 120 | 10 | 66 | 43
— — — — — 135 48 — —

11



x4 EWASETOYIENME (Z01)

Yo% (KN/mm?)
2 4 7 YSS #gias B (C) k& Young's modulus
Type YSS standard Melting point Specific
symbols gravity

HRA800 1355-1385 7.95 196 190 184 176 170 163
~ bkl Y 7 A e B "HRASOOH | _ — N —_ B N B
e Gl | e O N - [CEEEERRRRRRRS | .

HRA825 1370-1400 8.14 206 201 195 189 182 175
e ar o g m | HRAISS | 1275-1355 | 819 | 202 | 197 | 190 | 183 | 477 | 170 |
2| Carbide precipitation | HRA3015 | -139%0 | 778 | S I RO N S S B S

w4 hardened HRA3025 1310-1380 7.82 — — — — — —
i HRA286 | 1370-1400 | 791 | 201 | 194 | 187 | 180 | 178 | 165 |
# 3 HRAS7 | S 794 | 199 | 193 | 186 | 177 | 71 | 165 |
&2 HRA90T | 1230-1400 | 821 | 206 | 204 | 197 | 185 | 180 | 171 |
=1 P y| HRA26 | SR i i Sl I I il i ol
T e R | macos | 1201305 | ea4 | a7 | 14 | 148 | s | ez | s |
precipitation hardened | HRAQ04 | - | 812 | 137 | 140 | 144 | 151 | 158 | il I
HRA929 | 1317-1412 | 815 | 144 | et It O il B — L3

HRA929C 1308-1405 8.20 161 — — — — 175
HRN6OO | 1355-1415 | 841 | 214 | 210 | 205 | 200 | fe4 | 187 |
HRN6O1 | 1300-1370 | 805 | 207 | 203 | 19 | 191 | 185 | 178 |
HRNe25 | 1290-1350 | 844 | 208 | 204 | 198 | 193 | 187 | 181 |
HRN69O | 1345-1375 | 814 | 210 | 207 | 201 | 195 | 189 | 182 |
SOR-2 1405-1430 816 | - | i e - | e -
Y9 X B WRnsosow | 13101360 | 807 | — | et It O il B — il I
HRNS2 U S S R i IR S N S R i I
HRNB | 13011368 | 922 | 216 | 213 | 208 | 203 | 197 | 191 |
HRNC | 13241371 | 889 | 200 | el It O il B — il I
HRNC276 | R S N S Tl T S N S i S

HRN X 1260-1355 8.21 197 193 186 179 172 164
HRN750 | 1395-1425 | 825 | 214 | 207 | 202 | 196 | 190 | 186 |
3 HRN751 | 1393-1427 | 825 | 215 | el It N =l - il I
e HRN718 | 12601335 | 822 | 200 | 196 | 190 | 185 | 179 | 173 |
a2 HRN706 | 1335-1370 | 808 | 210 | 206 | 200 | 193 | 187 | 181 |
e HRN979 | 1220-1390 | 819 | 207 | 206 | 202 | 197 | 190 | 178 |
N HRNSOA | 13601390 | 816 | 219 | 215 | 208 | 203 | 197 | 190 |
T HRN9O | 1335-1360 | 819 | 226 | 219 | 213 | 207 | 201 | 193 |
= HRN105 | 12001345 | 800 | 228 | 219 | 212 | 207 | 196 | 188 |
HRN252 | 1315-1370 | 825 | 206 | 204 | 200 | 195 | 189 | 181 |
A-XTIALAE(EE | HRNWAS | 1330-1355 | 819 | 213 | 210 | 204 | 198 | 192 | 186 |
precipitation hardened | HRNAT | 1315-1370 | 825 | 220 | 216 | 210 | 205 | 199 | 193 |
HRN700 | 1343-1427 | 847 | 220 | il It O =l - il I
HRNS0O | 1300-1395 | 802 | 222 | 218 | 201 | 207 | 201 | 194 |
HRNS20 ) 1260-1405 | 821 | i Tl T i i S
HRN700U | 1205-1400 | 7.91 | 224 | 221 | 215 | 209 | 208 | 196 |
_HICOROY11 | SO A —.,.210 St ISt il i R i
HRN713C | 1260-1200 | 7.1 | 206 | 208 | 199 | 194 | 189 | 182 |
HRN718LC | 1200-1320 | 800 | 197 | 194 | 186 | 184 | 178 | 174 |
HRN738 | 1230-1315 | 810 | 201 | 195 | 190 | 186 | 180 | 176 |

HRN100 1265-1335 7.75 215 212 206 200 193 189
bR Z HRG816 | 1288-1343 | 866 | i Tl T i B i N S
02| g 1t w47 i 2a g m | HRCEOS | 1330-1410 | 943 | 225 | 221 | 212 | 199 | 195 | 189 |
B3| Carbide precipitation | HRC188 | - 13001330 | 943 | 216 | 214 | 209 | 205 | 200 | 194 |
S hardened HsT6 | 1266-1354 | 839 | 214 | - =1 - | - | -

ns HRC332 1380-1410 8.18 — — — — — —

A1) T2 B EE DTN EHEERL-DDTHY) RAEIR/IMEE R TN TIRHEL A,

7£2) Incoloy, Inconeld &U'Nimonicl. The International Nickel Company, Inc. Haynes# & U'Hastelloyld.Haynes International Inc. Rene'41id.Allvac

Metals Company (a Teledyne Company). Waspaloy!Z. United Technologies, Inc. Udimetid. Special Metals, Inc. DESREIZ T,

Note 1 Data are typical average values for alloys, and as such give no guarantee of maximum and minimum values.

Note 2 Incoloy, Inconel and Nimonic are registered trademarks of The International Nickel Company Inc. Haynes and Hastelloy are registered trademarks of
Haynes International Inc. Rene'41 is a registered trademark of Allvac Metals Company (a Teledyne Company). Waspaloy is a registered trademark of
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Table 4 Physical characteristics of superalloys (1)

FMmPIRER : RT-TC  (X10°°/C)

Average coefficient of thermal expansion

R R N S S N 103 | 107 | ° LIP I 1n4 | nme | = S S R
R R S S S e | 18 | ° 124 | 130 [ 136 | 142 | ° 148 | 154 | =
157 150 143 135 13.9 14.1 14.2 14.6 15.0 15.3 15.6 16.0 16.3
I 180 | 171 | LU . 149 | 126 | 129 | ° 183 | 1839 | 144 | 149 | 155 | 162 | 17.0
RS R N S S N 141 | 145 | 146 | 148 | 150 | 154 | ° 15.7 | 163 | 17.0
,,,,,,,,,,,,,,,,,,,, 167 | 159 | 149 | 134 | 123 | 133 | 137 | 140 | 143 | 147 | — | T | T
,,,,,,,,,,,,,,,,,,,, 4 | - T o7 | 184 | 146 | 150 | 154 | 156 | 160 | — | = | T
,,,,,,,,,,,,,,,,,,,, 170 | 161 | 150 | — | 187 | 140 | 144 | 147 | 148 | 152 | 161 | 172 | —
,,,,,,,,,,,,,,,,,,,, 183 | 175 | 165 | — | 126 | 130 | 133 | 136 | 138 | 141 | 145 | 151 | —
,,,,,,,,,,,,,,,,,,,, 185 | 176 | 166 | 154 | 116 | 126 | 129 | 134 | 138 | 143 | 149 | 156 | —
I 182 | 178 | 163 | LU 121 | 126 | ° 180 | 136 | 138 | 141 | ° 145 | 153 | 164
,,,,,,,,,,,,,,,,,,,, 172 | 162 | 152 | — | 106 | 1.2 | 115 | 120 | 127 | 134 | 141 | 1498 | —
I 180 | 173 | 184 | 15 | 122 | 128 | ° 182 | 136 | 139 | 142 | ° 148 | 156 | 164
I 186 | 178 | LIS O s | 122 | 126 | 129 | 183 | 138 | 144 | 151 | 159
R S S S D 129 | i i 140 | = | 146 | S i 168
,,,,,,,,,,,,,,,,,,,, 187 | 178 | 169 | 157 | 122 | 129 | 132 | 136 | 139 | 143 | 149 | 156 | —
I 190 | 182 | 173 | 163 | 185 | 135 | 185 | 137 | 138 | 142 | ° 147 | 154 | 16.4
R R N S S N 138 | 139 | 141 | 144 | 146 | 150 | ° 15.7 | 168 | =
I 175 | 170 | 183 | 194 | 107 | 1.9 | 125 | 130 | 134 | 138 | 144 | 151 | 15.7
I 168 | 164 | 155 | 47 | 101 | 126 | 185 | 148 | 155 | 158 | ° 162 | 163 | 16.9
I 171 | 164 | 157 | 148 | ne | 122 | - 128 | 134 | 138 | 142 | ° 148 | 153 | 159
182 178 169 160 12.9 13.0 13.1 13.4 13.6 13.9 14.6 14.5 15.7
T S S e LLEYAN S e | . 129 | = i 140 | =
I 180 | 172 | 185 | 156 | 123 | 129 | 136 | 139 | 143 | 146 | 151 | 158 | 16.5
I 188 | 180 | 172 | 163 | me | 122 | - 181 | 138 | 145 | 152 | ° 159 | 166 | 172
R R N S B 189 | 141 | 145 | 147 | 15.0 | 153 | ° 158 | 163 | 16.9
— — — — 13.6 14.1 14.7 14.9 15.3 15.8 16.4 16.8 17.1

13



x5 EMASEOYIENME (Z02)

i #  (Jkg-K)
%5 YSS s Specific heat
Series YSS standard
symbols
HRA800 455 470 500 525 545 575 605 635
v bhUy g AR URascon | DT S B S it R
Matrix reinforced —  b---oom ool
HRA825 440 — - — — — — —
e o m | HRAISS 430 | T U S S S AU Nt DUUUeso SO
| Carbide precipitation | HRA3015 | 55 | 590 | 640 | 670 | | 680 | 690 | 695 | 680 |
M2 hardened HRA3025 475 475 500 555 560 565 545 550
ﬁ% | phzen . L . S S SO Rt S O N
3 (HRAS7 | = = e s ERR it DO RO R
&4 | HRASOT | 430 | Tl i . S o St N SRS IS
2| o ors g | HRA26 | - = ] T FouROR) OOROusRo OO o AUt SR
P R | masos Csos | sw | 0 | s | eis |
precipitation hardened | HRAQ04 500 535 570 585 605
| HRAS28 | 515 500 | 465 | 40 | Tl
HRA929C 480 470 440 445 —
| HRNG0O | 505 525 | . 545 | 575 | 600 |
| HRNGO1 | R 555
| HRAN625 | LA 505
(HRNeo | = = T S _—
SOR-2 610 625
Y "h',f v 7 X B A6 R [ HaNgosoW | 580 | 5755 | 5755 | 570 | 595 |
SR E I EOLCE TN SRS SRR | eessm=ceecmues T [SESSSecesSSSC___TUC_ EESESRCRSSEMSN T [SEEESR-eSeRERS T U |
|HRN82 T S S i S SO NSt Dot S
| HRNB 875 | . 390 | 405 | 425 | 435 | 445 | 460 | Tl
| HANC | 425 | Tl i . S N st N DU
| HRNC276 | 425 | T ! I S SN It NN AUt S
HRN X 485 490 495 500 520 545 570 610
| HRN750 | 430 | 455 | 485 | 500 | 520 | . 540 | 560 | 600 |
ks | HRN751 555 | . 480 | 525 | 515 | 510 | 515 | 520 | 575 |
Zﬁ % | HRN718 | 430 | 455 | 475 | 495 | 525 | . 550 | 575 | 600 |
o2 | HRN706 | 445 | 460 | 490 | 515 | 545 | . 570 | 595 | 625 |
W | HRNS7S = T ! I S S ISt B AUt S
N | HRNSOA | 40 | = | = | — - ===
T | HRNSO | 460 | 465 | 500 | 500 | 535 | . 570 | 610 | 630 |
= | HRN105 | 420 | 465 | 500 | 500 | 535 | . 545 | 565 | 605 |
HRN252 — — — — — — — —
HRTFALHHEE | HRNWAS | 475 | 525 | - — | - — - ==
precipitation hardened | HRNAT | =TT — | 40 | 450 | 520 | 580 | 630 |
| HRN70O = T ! I S S ISt B AUt S
| HRNSO o T ! I S SN ISt Bt AUt S
| HRNS20 1 T S S T T T
| HRN700U | = T —| 580 | 580 | 575 | 575 | 575 |
| HICOROY11 | — | = | i S ot RN O DA ons O SRS
| HRN713C | 420 | 465 | 500 | 520 | 540 | . 560 | 575 | 605 |
| HRN713LC | 440 | 465 | 500 | 520 | 540 | 560 | 575 | 605 |
| HRN738 | 420 | 465 | 500 | 520 | 540 | 560 | 575 | 600 |
HRN100 — — — — — 480 490 510
bR 2 | HRCG816 | = T o420 o A NSt Do S
ZHL% (L 4 #F W2 qp m | HRCE0S | 35 | = | — — et It s ot ER
MIg| Carbide precipitation | HRC188 | 405 | 420 | 445 | 460 | 485 | 505 | 515 | 53 |
32 hardened | HSTe | 420 | = — — e It R i et ER
ne HRC332 465 475 500 550 570 585 570 545

A1) T2 B ELDFINEBIEEZRU D THY)  RAERBR/IMEERIETHODTIRHIEE A,
7£2) Incoloy, Inconeld&U'Nimonicl. The International Nickel Company, Inc. Haynes# & U'Hastelloyld.Haynes International Inc. Rene'41id. Allvac
Metals Company (a Teledyne Company). Waspaloy!Z. United Technologies, Inc. Udimetid. Special Metals, Inc. DESREIZ T,

Note 1 Data are typical average values for alloys, and as such give no guarantee of maximum and minimum values.
Note 2 Incoloy, Inconel and Nimonic are registered trademarks of The International Nickel Company Inc. Haynes and Hastelloy are registered trademarks of
Haynes International Inc. Rene'41 is a registered trademark of Allvac Metals Company (a Teledyne Company). Waspaloy is a registered trademark of
United Technologies, Inc. Udimet is a registered trademark of Special Metals, Inc.
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Table 5 Physical characteristics of superalloys (2)

Bz 8 £ (Wm-K)

Thermal conductivity

— — 11.0 12,5 14.0 15.5 17.0 18.5 20.0 215 235 255
,,,,,,,,,,,,,,,,,,,,,, Tooo.T...|.125 | 180 | 145 | 160 | 175 | 185 | 200 | 215 | = . T
|88 700 | 180 | . 140 | 160 | 180 [ 190 | 200 | 210 | 220 | 285 | .. 240

600 650 10.5 10.5 11.5 14.0 15.0 16.0 16.5 18.0 20.0 225
,,,,,,,,,,,,,,,,,,,,,, oo T pdes | 145 | 165 | 180 | 200 | 215 | eal | T L mo T
,,,,,,,,,,,,,,,,,,,,,, Tooo..To..)..140 | 150 | 165 | 180 | 200 | 215 | 285 | T |l T T
,,,,,,,,,,,,,,,,,,,,,, — |7 |.185 | 140 | 150 | 160 | 165 | 180 | 190 | 200 | = | T
]840 660 | 170 | 170 | 180 | 185 [ 190 | I 220 | ... S i
S N .- N 680 | 7.0 | 175 | 180 | 190 | 205 | 220 | 280 | S i
,,,,,,,,,,,,,,,,,,,,,, || 180 150 | 150 | 160 | 170 | 180 | = | T .

— — 10.0 14.5 14.5 15.0 16.0 17.0 — —
RS -2 A B 150 | 160 | 175 | 190 | 205 | - 220 | . 240 | 255 | ears | 295
.| 880 | 690 | 1.5 | 125 | 145 | 160 | 175 | 195 | 205 | 225 | . 245 | 260
]800 | 625 | 10.00 | 110 [ 125 | 140 Sy 17.0 |88 185 | 200 | 215 | . 285
N i I A 185 | 150 | 170 | 185 | 200 | - 220 | . 285 | 260 | . 265 | 280
S N L N 835 | 125 | 185 | 180 | 160 | 180 | 190 | 210 | 255 | . 275 | 295
88 710 [ ° 125 | 15 | 125 | 155 | 160 | 175 1 185 | 210 | 280 | 260
,,,,,,,,,,,,,,,,,,,,,, - oo Ms 125 | 185 | 150 | 160 | 175 | 190 | - | = 1T
R i I A 100 | s | 180 | 150 | 165 | 185 | 200 | 215 | 280 | 250

665 715 9.0 11.0 12,5 14.0 16.5 19.0 21.0 23.0 245 265
] 880 = 120 | 180 | 140 | 155 | 170 | 185 | 200 | 215 | . 25 | 240
8% | 820 | 125 | ms | 130 | 140 | 150 | 6.0 | 175 | 205 | 250 | 300
S - N 650 | ms | 125 | 145 | 160 | 175 | 190 | 205 | 220 | . 240 | 255
]850 675 | 125 | 140 | 160 | 175 | 190 | ¢ 205 | = S i
,,,,,,,,,,,,,,,,,,,,,, - | T | 125 | 185 | 145 | 160 | 170 | 185 | 180 | 205 | — | =
,,,,,,,,,,,,,,,,,,,,,, - .= | 85 | 95 | M5 | 120 | 185 | 155 | 170 | 195 | 210 | =
S .- N 690 | 100 | 1mo | 120 | 185 | 150 | 185 | 180 | 195 | i
S .- T 670 | - mo | 120 | 135 | 150 | 160 | 180 | 200 | 215 | 280 | 245
,,,,,,,,,,,,,,,,,,,,,, -7 120 | 180 | 145 | 185 | 165 | < | T T T T
N i I A 105 | ms | 180 | 145 | 160 | 175 | 190 | 210 | 225 | 45
.88 740 | 90 | 105 | 125 | 145 | 160 | 175 | 18.0 | 205 | 220 | 285
S i I A 1o | 120 | 130 | 145 | 160 | 175 | 195 | 215 | 280 | 250
%8s 600 | 195 | 200 | 200 | 200 | 200 | ¢ 205 | 210 | 220 | . 250 | 295
. k40 675 | S 1mo | 120 | 185 | 150 | 185 | 180 | 195 | 210 | 230
. k40 | 675 | S mo | 120 | 135 | 150 | 165 | 175 | 190 | 205 | 225
. k40 | 680 | N N B N 135 | 150 | 170 | 190 | 205 | 220 | 240

530 545 - - - - - 17.0 18.5 20.0 225 255
,,,,,,,,,,,,,,,,,,,,,, —ooTo o tes | T es ) 210 ) 2es | T T T
R i D 95 | mo | 130 | 150 | 170 | 185 | 205 | 225 | . 45 | 265
S - N 570 | 105 | 120 | 145 | 160 | 175 | 190 | 210 | 230 | . 245 | 255
,,,,,,,,,,,,,,,,,,,,,, T T s T T T T T T

610 715 10.5 11.0 125 14.5 16.5 18.5 19.0 19.5 23.0 27.0

15



*tBXXE

tERXE

A\ ERLDEE

AREPHCRBMOFFEEIS AR ET -2 THN REORZT
BONBFMEERBDENBINET

ARDEOJICERBOBRIGFELSERTEENEVET,
AASOTERABTOENEGMERCET,
s CAEAZ mISEA R TARSRIR Y £ TR KRS,

OV =RV A7 Sak=T s

http://www.hitachi-metals.co.jp

# T1058614 HETERMEX ZHi— T H2® 1S (¥ —/3v» ANfE)
FEska 7 v o8 = —
B (03) 57654410 FAX (03) 5765-8317
HIEER T3191221 Hridiksa»i— T H27HTS
2(0294) 532201 (fl#) FAX (0294) 53-6461

& (022) 2670216 (fF&) FAX (022) 266-7891

7 (0276) 46-6695 FAX (0276) 46-3169
FERBXIE T4600003 ARl X T H 13%19%5 (FEvL)
2 (052) 220-7465 FAX (052) 220-7485
B E ¥ T4228067 HHRTTEAMIXRNT 18FF 1S (7 2K v b ki)
o (054) 2021580 (fi&) FAX (054) 202-1588

EWMEER T430-0933 EMA AN 319%F 028 (H A4 drigfit Y & —E )

& (053) 453-1191 (fl#&) FAX (053) 456-7709
bk E E AR T939-8213 Ll RMEILAT T H 13%15 (4 4XEL)
& (076) 420-2881 (fl#%) FAX (076) 491-5201

B & X JE T541-0041 KB UXALE=TH 5% 29% (H/EEREMEE L)

7 (06) 62039725 FAX (06) 6222-3417
7 E X
7 (082) 2214486 (ftF&) FAX (082) 221-4499
oMW X R
(092) 432-8604 (ft#&) FAX (092) 451-8620

ARA s FLAROT A 122006 7T HBIHEDE D TY,

R EEHNET DT BRI 772 N DBV AIL,
BFRCCT A FRE T LI LDELET

HYr kA &tt 232 =r—vavE

Tel. (03) 5765-4076 1 (0800) 500-5055 Fax. (03) 5765-8312

E-mail : hmcc@hitachi-metals.co.jp

Our address and your contact indicated in this catalog are those as of July 2006.

If you cannot put a call through, please contact Corporate Communication Group

in Tokyo below.

Tel:+81-3-5765-4076 Fax:+81-3-5765-8312

E-mail : hmcc@hitachi-metals.co.jp

#4207 %S HY-B19-(J,E)-E
20067 BERL (M - HT3)

T980-0021 fIATHHHEX I~ T H10#30% (IlBHZH L L)

T373-0851 KHERHN] 122015 (WRAZHA G RH © L)

T730-0013 AR TTHXOVUT 168115 (HAAEMIAEH L)

*The characteristics listed in this catalog are representative
average values which may differ from actual product
characteristics.

*This catalog and its contents are subject to change without
notice.

*Do not duplicate this catalog without a permission from
Hitachi Metals, Ltd.

*Please contact a representative of our Specialty Steel Division
if there are any questions or problems.

@ Hitachi Metals, Ltd.

Head Office SEAVANS North Bldg.
2-1, Shibaura 1-chome, Minato-ku
Tokyo 105-8614, Japan
Specialty Steel Company.
Tel.+81-3-5765-4390
Fax.+81-3-5765-8317

@Hitachi Metals America, Ltd.

Head Office & New York Office
2 Manhattanville Road, Suite 301, Purchase,
NY 10577-2103, U.S.A.
Tel.+1-914-694-9200
Fax.+1-914-694-9279

Other Office  * Chicago * Detroit
* Pittsburgh + Charlotte
* San Jose

@Hitachi Metals Europe GmbH
Head Office Immermannstrasse 14-16, 40210
Disseldorf, Germany
Tel.+49-211-16009-0
Fax.+49-211-16009-29
Other Office * South Germany * Milano * London - Paris

@Hitachi Metals Singapore Pte. Ltd.

12 Gul Avenue, Singapore 629656
Tel.+65-6861-7711

8120013 I LK ML T HOFILE (RkMLIRiE L) Fax.+65-6861-1519

@Hitachi Metals Hong Kong Ltd.

Room 1107, 11/F., West Wing, Tsim Sha Tsui Center
66 Mody Road, Tsimshatsui East

Kowloon, Hong Kong

Tel.+852-2724-4183

Fax.+852-2311-2095

@Hitachi Metals (Shanghai) Ltd.
11F, Tian An Center, No.338
Nan Jing Road(West),
Shanghai, 200003, China
Tel. +86-21-6358-6368
Fax. +86-21-6358-6327

@Hitachi Metals (Dong Guan) Specialty Steel Co., Ltd.

Cha shan Town Dong Guan City, Guang Dong
Province, China

Tel:+86-769-8640-6726
Fax:+86-769-8640-6716

@Hitachi Metals, Ltd.
Beijing Liaison Office
Room No.1418, Beijing Fortune Building,
5 Dong San Huan Bei-lu,
Chaoyang District Beijing,China
Tel.+86-10-6590-8775
Fax.+86-10-6590-8776

Guangzhou Liaison Office

R3303, Metro plaza,

183 Tianhebei Road Tianhe District,
Guangzhou city, Guangdong, China
Tel.+86-20-8755-3649
Fax.+86-20-8755-3650

BERZEEALTEY Printed in Japan



