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UibamrmEd+5.

(£) 1000°C OEEABRUBIICE OTHITEAL
ZAEL o8, 1200°C. Tix (d) THE RERIC~ A 7 4
N T D BEAME A BT 5. Lo LIS wE
CHIDOTHEREZRT20EEZI SN,

(g) 1150°C BEUER DRI X 2T U FRhnsiix 550
~600°C i 2 WL R T 5. 2hlE Mo tED S & C
URA—27F74 ML X DELEHBL, HERORILY
FISicsnTUnsik D B82S LEL TV 5. Ll
U-B RTELNIMIRISN A F 4 MROMBIEHBRE
MEVE7n <, %72 Mo M4 X b k(L.

(3) Cr-Ni-Cu FRMo3FRME S 13 U dRhncHiin
B3, FEMER L DIRAT B . FREEE D URINCE
TI5.

Fir A URSVF U4 FOREBRERFE
SEDLICHDETTS. ERTHEKRLTSE, BRICXD
ThTHriT 2 RB(LAH5h5. 2oz Es»d Si-Mn

FEiXz ey, Cr-Ni-Cu H£FD 3 LT UBHE

BT 52 LEnbioi.
B R
2°25 Cr-1 Mo iz E?]*T%)

Hwoy ) —F aﬁ@%%'

I XA, ~0°12% U B EoFsimic &2 Tl $550°C &
)~ TR LIEINT S C LRk, MOBETEE
@@%@&@Lowfﬁﬁkﬁn¢fﬁé

B EEF"

ZDHE3 %’zé’*f@‘ék&)t D, UxofhoftiEs4ricd

L TN 2 1o R 1o ZEE S TR R R A SR

Fifds X O R A BARTRGETICBA 3 5 & £ b, 51
OB X 0\ &V i e AAEIREREA [ 5
VRIS ] OBRICHL TR LS. Ak,
AR — 80 M R B B O T TR A 5L )
S OTHLPNIbOTHS C L ENEL THEL
=15

X A
1) EAN, #ZH: $kedl, 49 (1963) 12, p. 1788
~1797 ’
2) EA/N, BHE: gr8, 49 (1963) 3, p. 536~
538 .
3) BAN, #FH: gke, 49 (1963) 2, p. 174~
194 '

4) K. J. IrviNne and F. B. PickeriNg, J. Iron
& Steel Inst. (U.K.) 194 (1960) 2

Fﬁﬁ]jlx

=DAGINEY: 1 P Xﬁ?fﬂKOPT

moN e B

On the ngh ~-Chromium ngh -Cobalt Type Steels for Hot Work Dies.

Synop51s

Tomitaka NISHIMURA

The fundamental characteristics of 12Cr-7W-0°* 5V 5Co (DSE) and 12Cr-7W-0°5V~10Co (DSF)
type steels for hot work dies have been investigated. The results obtained are as follows:

(1) Transformation temperature on heating, specific gravity, specific heat and coefficient -
of thermal expansion are measured, and particularly it is noticeable that the coeﬁiments of

thermal expansion show small values.

"(2) Secondary hardening occurs in the temperature range from 500 to 550°C, and that
resistance to tempering softening becomes larger with increasing austenitizing temperature.
The temperature range suitable for hardening is from 1050 to 1100°C, so the austenitizing

temperature of 1050°C only is used for all tests.

(3) The nose of isothermal transformation curve situates at the temperature of 750°C
and 15min for DSE, and 750°C and 25min for DSF. M; temperature is 205°C for DSE and

175°C for DSF.

(4) At the testing temperature of 600°C, hardness, tensile strength and impact strength
are Hv 225, 93kg /mm? and 8 kg m/cm? for DSE, and Hv 270, 107kg /mm? and 5kg m/cm? for DSF.
(5) The dimensional change of a round bar at the tempering temperature of 600°C is
10°0459% for DSE and + 0°040% for DSF in the direction of diameter, and 0% for DSE and

—0°010% for DSF in the direction of length.

"(6) The tempering at 600°C gives the best impact strength and wear resistance at room

temperature.
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(7) When both steels are isothermally tempered for 1000 hr at 400, 650 and 700°C, hard-
- ness decreases linearly and impact strength slightly with increasing tempering time at each

temperature.

And in the process of these tempermgs, the following sequence of changes in carbides
takes place: MgC+ M7Cs5—>MeC+M-Cs+ M33Ce—>MeC + M2sCo—>MeC+M23Co+ FeeW-—>MesCo-+Fes W
(8) 'Resistance to heat checking is better than that of SKD5 (JIS) steel of 10W-3Cr-0"5V

type.

~ (9) Resistance to ox1dat10n at hlgh temperatures 1s very excellent as compared with SKD

5 steel.

mj

I
%ﬁrmaﬁﬁ,%ﬁ%ﬂ,zyy HAIILEDD
58 5T I, %@%m%ﬁ%ﬁiF&V&O(
YEA Z EMXPAEDTERL.
CADWT, TN EDARAELPYS ALY AEET
PO XS nBEALAOL A N A NIHE LT, —RIC
CpMoV—mDSKDé BHDHNIE 61 7t EREVBh
TED,
SR OTESREBICHS. Ll EBSSRESAER
DX 5, »PEYBRCTELFHFEOD L THERAINDS
B E L CiE, WEDEZAHTNEVDRDDHEL,
BAEW-Cr-V 2> SKD5 75 SRV ShTw5. L

L T DERTIFE VT 5,000 =2y b < BWLe

%LT% ERTET, TOFGHRIFFEICE DT, T

ﬁT%&%ﬁxF%@ﬁ@%%@i%hTmélb»
'kﬁﬁf%é

ﬁﬁiﬁ,ewgkk%olatm Cr & Co %o
BUEH 4 4 ZMARVEL, THoOEBEREEEIC OV T

SR T2 DT H S

II. BEREEURBRIE
ERkRE & LoCi3, 35kVA EEEFHEICCREm L

100,000 ¥ = v k< BVOEREMETRL, —

(Received 6 Jan. 1964)

8kg MiE% 14mm § ﬁiﬁlymnﬁmﬁﬁbfm

DESIL 2L DEMAV 72, T h 5 RE o (L¥S R
Table 1 TR T .

PEEASMIE 7 = 7 4 VAEBITTRERWEN 7 %, VZ§) 0°5
%l DO H — AT+ 4 MERITER Co%iy5 H 5\ ik
10%&HF 3% 12%Cr #TH>T, i Co. OFIMT
I oTHIREEOWHE® & EEECESE LS XIgT 0~
7 =54 MO FAEOWERIINY, BB CITEREED
b ETCHEASNIMEERDLIA DA PBHEVIET L2
FAOERZNRELCEZTDIDOTHS. _

BEREEE, HEMRILE, e~ bF =y 2, HiEE
IR, WERSOLRERDOIER R, ek A
FRE~T R CHIEIIm I, SERERIFR Tt —27 5
4 MegZRs L, 7o U RESFERICTREEZ{TRD
7. (EIRZERR Hh 4R 1F & O BRO/NRBRK (Smm § X 10

mm) DA—~AFF+ A MUZBAEHEIRT VI o FESH

RTIRY, Che&EE CRIREREE5E, /9~
7 4 MEREMGE O BIRM TSRS, N—F 4 MZEREMRT
DOEIRHEITIHMEIRA OB T BEA N 7. BnsZs ek
BROBRICIE, R EEER
TH=RTF 4 ME@%&D;‘LHL T HRPCARE B
@Lr7m:y§@ﬁﬁ$fﬁﬂbt#,%%5&&@
RIH 7 v T FREKIFHR TR, R EE ORI

Chemical composition of specimens (%).

ERCHAL, AgFh

Table 1.
(, %e;é) . Spﬁzirgen c Si Mn P S Cr w V | Co
. DSE 1| 0°26 | 0°45 | 043 | 0°008 | 0°018 | 11°95| 6°94 | 046 | 485
. 2 024 | 044 | 0°43 | 07008 | 0°020.| 11°94| 696 | 0°51 | 4°85
(12Cr-7W-0"5V-5Co0) 3 | 0725 | 0°45 | 0°57 | 0°013| 0°017 | 1161 | 694 | 047 | 530
DSF 1 026 | 0743 | 0743 | 0008 | 0°018 | 11%98 | 7°54 |0%42 | 9430
, e 2 0'26 | 044 | 0°43 | 0°008 | 0%018 | 11°98 | 8:02 | 0°43 | 9°15
(12Cr-7W-0"5V~-10C0) | 3 0'25 | 0°45 | 0°59 | 0°013 | 0-018 | 11°14| 7°59 | 0°51 | 9+80

% 1: Used for annealed hardness, specific gravity, specific heat, thermal expansion, isothermal
“ " transformation, isothermal tempering characteristics, electrolytic extraction and extraction

replica tests.

" 2i Used for téempering hardness, dimensional change, thermal shock, impact strength and

wear resistance tests.

3: Used for mechanical" propertles at elevated temperatures and re51stance to oxidation tests.
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Table 2. Physmal properties of DSE -and
DSF steels.
DSE DSF -
Annealed hardness (Hg)
. 850°C x 2hr, rate of cooling
"60°C /hr o223 - 355
900°C x 2hr, rate of cooling _ 250
5°C/hr ’
Tranéformatidn Acy 850 : 800
temperature (°C) Acs 880 835
Specific gravity* : 8°03 814
Spec1ﬁc heat (cal/g°C)* :
300°C 0+130 0+120
400 0°135 0125
500 0°140 0°135
600 0°165 0°155
700 0°*225 0°195
Coefficient of linear
expansion (°C-1)*
20~100°C 9 OXlO 6 8°5X 108
~200 97 94
~ 300 10°2 101
~400 10°6 105
~500 i 110 10*7
~600 11°3 10°9
~700 _ 11°5 11°2

* Annealed specimens were used.

BT, FOEIELRBRIC T B T OERER

BrLELT5H.

I RBERELUEE

(1) 4pEEpdHE
DSE, DSF W#ifED 2, 3 OWEEE2EEL <
#m2 Table 2 7R, 14X 14X 14mm® OFR %850
°Ciz 2 hr {5, 60°C /hr © #l & TWHIL &
OHebTEEEVX, DSE Tk He 223 TR EBE L7855,
DSF Tk Hs 355 TH7R D&V, L2 1900°C i 2hr
&%, 5°C /hr OWHIEE 3™ & Hs 250 L7kD,
fEatikaE E LR E L 7R 5. SEITAS - R
BZAESHC X D RS R EIE LR (B AMLE
OfnEERE 5°C /min) FEHICRLATEL DSE @
ﬁﬁ%wmgw.ﬁEMKMmﬁwmmnaﬁ%%
m,7»#}?%&V&Dﬁbkﬁf%é-&%m,ﬂ
2 EEEGRER 2B o WEBIC XD, 300~
700°C OIREHA TEE L 2R T, DSE OhBE&R
ECEFEWEEZTL TV 5. BUZIRGREI, £o%iR
FRIEE DS O NNEE AR thios S kD 7o F iR HARE ¥

T@?ﬁﬁﬁ%ﬁ&f]EEHJBF&D?;Lﬁw‘

{E%mvr. ¥ SKD5 (C 0°26%, Si 0°41%, Mn

55
50 ;___*‘“f.
x 1 //50°c
’ o x-—/ //aa°c
s IR SN L_/ 1050%,
M.L,l —t
@
O -
S ¥ DSE
s
T g
N .
P
50 .
x &
N4 :__,: . ————4>—4§
45 - > s S —
“or DSF
K -
Asq@ 100 200 330 400 s 6 700
Tempering temperature (°C)
Fig. 1. Tempering curves of DSE and DSF

steels air-cooled from the indicated
temperatures. :

0°429%, P 0°014%, S 0°019%, Cr 2°469%, W 9°56
%, V 0°37%) oW THRERCEZEL 72& ZAHRE
BEEIEE TV 9°7~12°9X107¢°C ~! DEEFOTIH
w4 Bb%r DSE,DSF OEEIRMRENIE D/ S\,

(2) BEA® XOHERIRE & BE L OBk

14X 14X 14mm? %:HS}% 950, 1000, 1050, 1100,
1150°C OLBEEIC 20min {RiF2e%1% 100~700°C 1T
%wflhr@ﬁEQﬁﬁOt%€®ﬁ§%Fg}lm
FF. TREE DEEARENS LT 2R L 2 RE{LORL
BUIERACEA L, HOBRKILICHT HIERORX
FLEANREDOND. THIEABRE & LDEE
MeC BALM O~ OEBRESIET D THS. T
COE@%VIBF@fﬁWAk;U%@@F#ﬁ<
HEREK(LIRPL D R E V.

#t¥ Fig. 1 bbb X 5, 950, 1000, 1050,

1mo15@0#%@@1@FMJBET&IMCW5

435, 49°7, 50°4, 48°8, DSF ’CbiHRCéléO 49°2,

52°0, 52°0, 47°0 OfH %TL, 1050~1100°C iz BT
EHrE 50T, WMEDT — 17f4bmmﬁabf‘

mu®ﬁ£ﬁ@#ﬁmt%x6hé L7230 ThliED

B TRV RBO A~ AT F 4 bR ERTST

1050°C & L 7z- ’

(3) imipZEneshg

Fig. 2 BEEMEIEE % 1050°C & LR & I/, —7

4 bPBIUR—F 4 FERE EDERIEIRO BRI D 5 VIE
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T T

800 [ Austenitizing temperature. 1050°C
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Temperature (°C)
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; 3 1 1
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Fig. 2. Isothermal transformation diagram
showing start of transformation only

for DSE and DSF steels.

WERZEC X VRDDDTHS. Ms 1% GRENINGER
and Tro1ano® FRICXD>THIEL 72. T/ %, 5mm
§ X7mm FEE 1050°C 225 Mg SMBEOEEICE
B 7oHIE (KNO3S5%+NaN0yd5%) Hiicy ssec {5
Dtk, 12 bIT 280°C OBEWS (Pb 639 +Sn 379%,)
HIZ S 2LH 10sec BERZ{THDTAKEL, Thok
5 5\ VIZEEREC X b, DSE Ti 205°C, DSF
TiE 175°C @ Ms H 2157, ~
R & b — 5 4 NEREDBIL 750°C FHEiCH o
T, DSE 3§y (5min, DSF 11§y 25min TZAESS T
UEDT0BED, N—3 4 bLREBIAGS X 0 Ms Mk
Co BO#\ DSF OFAMKIRMICH 5. |
(4) EiREHPIHEE
1050°C X 9 Z23f% 600°C I\ T 1 hr DBERZIT
EZ L7 DSE (HRC 43'6) 35X 0" DSF (HrC 46°5)
- HAEtOEIRICR T HHE, FERRE, MO, KD, v
W —EEE Fig. 3 WAL ERD T, MIEILE
D7 FRROEMZ R L TV 5. BIREEREIT A A
EERBNEEFTZ AV, 12mm § X27mmEtEHc Lo
TETEV, E7cBERe XEEERBRICT JIS 4% (10
mm§) FX®N3F (U/ v F) BBAF2ER L. %
THEY 2% &, HEIE<ik DSE {3 Hv 400, DSF i
Hv 450 #7831 T\ 525, BRIRE D EH12 L 72251400
°C F TIXEMBHNCTIE T L, 400~600°C TIHMETEAD
W %Rl DT 600°C IV Tid DSE i Hyv 225,
DSF 3 Hv 270 729, ZOREZHT & A#ICHD
LTwd. 3b%54 Co OFEV DSF OF B&IRE CH
BEHEZRL Ty 5. BERM ST, FEHkE & 3 100~200
°Ciz$\ Tk (DSE 147°8kg /mm?, DSF 15679

Q. o—"0 0. ~
; ./. 1\0&0 \§
S — {140 €
Y] &
3 '\ \ >
8 N
§ S
g B
Q
Q 3
< 8
B
§ >
S
N
A g
N
o
1S
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| ]
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Fig. 3. Mechanical properties at elevated
temperatures of DSE and DSF steels.
Air-cooled from 1050°C; tempered at
600°C for thr..

s T T

- OSE —_— fm/n:;‘er
~ 4 -1 —_=- T
as EE——— f g e’lw /
© 005 | T\ L
N _____“Q___.__[_ | | | T
~§ 0 ) e X e
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3 Do |
3 -0 —— e g f
< T I k
3 o - T ol
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Fig. 4. Effect of tempering temperature on
dimensional changes of DSE and DSF
steels. Cylindrical specimens of 10mm
dia, 100mm length were tested. Air-
cooled from 1050°C.

kg /mm?) Z7RL, ORI HBRIBEDO LR E EHIT

ETL, 600°C i DSE % 93kg /mm?, DSF |3

107kg /mm? - DM L7585, ORI 0 IXEBRIE

BEoLRREEDICBERLTH D, HEEIE 600°C T

PEEOMEME T E D, ZORELRTIRARICEAL

TW5. : v
(5) ZOHEL

B A4 2MCH T IDAABABERIC X 54

DHhS VT EHB O L FL V. Fig. 473 10mm § X100

mm O EEGIRRZ T i <72 Btz X b, 1050°C i
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25min {7 v I U EHKH T A LT, 700

°C E TOLIBET | hr OBEEZ{T/R 2 B0, EE

LEIFROERREZRLAZSDTH L. ETEESM
TVE, WM EES LA (DSE+0°090%, DSF-+0°082
%) ¥ XOHERIREBTIEIRZ R T 523, BERIEE
DEHE I TERRIINE R D,600°C LTl DSE
V% -+0°0452,, DSF I +0°040% DOF/NMEE LD, T
NIV BRTIIETHEATAEABREDONE. —FHR
XHM T, DSE BEANICXLD 0°033% BRERIR
L, ChEeBERT5 LERRIEED ERITE SRV
HL, 600°C TO%IT D, Tl EDIRETIEIREET
5X51T/s%. %7 DSF I3EAC LY 0°040% WLHE
L, CheBRL T3, ZOEESE LR DI LD
TIHEZSTE A K & 75 1 ,600°C Tl —0°010% OfE%
773. DSE & DSF OZUHMEHRLZHB T 5L, B
BHFTRIECIVWRERRETH 555, EXHMTiE DSE
DFDI/PI. S

(6) JHRIRE & EIREBEMI X O BERIE & Ok
1050°C 7= B22¥% 8 700°C £ TORIEE T | hr O
RaiE 8o LREHe oV T ORIR Y v b & — @SS

YOS Fige 5 GRS, B XAc iz Bog

DI D BREEE DIk . EEEIFME: D 200~
3007C IRV THER AR L ;» 500~550°C I i IRBER
FatEs3iled S B %%, 600°C TIXBIMVEIEIE L RIFIC
%. :

X

S

— =\
—\-——0\1.\. e /'" ‘
—e— DSE \
—o— DSF

L )
S O
T T

NN N

&

~ N w

Specitic wear(mm¥%y). Impact strength (hym/fem?). Horahess (HrC)
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Fig. 5. Hardness, impact strength and wear
resistance as a function of tempering
temperature for DSE and. DSF steels. : -

EERER BT, BRI X D, AR
Fr& U C@esEnimi A, HEA#K (30mm § X5mm &
X) L LT 18W-4Cr-1V-10Co BOBEHERN SKH
4A (BEABERMERE HrC 64°5) 4R L, HEEE
2-38m/sec, EE{EEEHE 200m, RKME 6°9kg DF
B & T2, T ORERX Fig. 5 o FTERRICR
L7cZ e 550, ZOGEEFREIIILERE W=
Bb3/8yPoly (Z 2B & 7 W EiEFROIGE & %, P
VISR E, Lo VIEEIEREEEE, fo VIEEFEIROIE)
EoTHobLTh5. DSE 3EEREIEE 100~200°C
I3\ T IR RA T 7o bR R/ & 75 5
%5, 600°C IT\ TR DI AR, & OEEE
TIHME T T 5 EmARD b %. DSF ClIBERIEED
ERE & HITERIRPUIMKTL, 300~500°C Tiidh ¥
DL TRAK & 78 555, 600°C Tlifd L WikHi 2~
L, ZOREZMT L EET T 5. £7- DSE, DSF
DEFEEIZ LT 5 &, WEOEY DSF OFnBEL
TRIFEWEZRT. Dok S, WiE: BEK
Ml 1 hr OHFAIIX 600°C HHTICH W TREDOMEE
HeE B LEEME SN S . —HHEREN 1 hr oBs
Wik, 2&D (7)) HIZRWTHR5 X 5T, 450~550°
C TRBERT X 20T HURIL I DFFAE Z 3R T, 600°C i
B TRUDTHEERILOF SR X EsDT, R
FEFEMIC AT L CIIHT R LS MR L T 5 2 L 128 &
T, FRICHTTH A E&RILMMBEM & coherent JRiREBIC
HOEGEIFEELEZBLHTH 5.

(7) SRR '

B THERAINDENE, BAEIESTEREREEC
ENTWBH LIV R, LORBIRICE DIk HER
iR ST 55 bicid, ~BoOBERERSE 5 1 Cw
ANAHDWEREDSITL BDT, TNOBELFATE
L EHBELMEO—-2EEZLNS.

1050°C HEIAHHIC 15min {RERE7E0 0 3 SE S
J- (DSE HrC 53°2, DSF HxC 54°8) % Ffi] KRS
BEMS T 600, 650, 700°C DEIBEEIC T, 10, 30
min, 1, 2, 5, 15, 50, 200, 500, 1000hr o> HEEERS
SHIGEOHE L FHRBEOE{LE Fig. 6 wR¥. =)
BroBERRENT | hr BINTIEER ¥ 17, 2hr DLk
7 ov I U FERKIE 2 FV TfTR 0. '

T #RFE T 600, 650, 700°C DEIREEIC 5\ T, 10min
DEERTT TIZHRILBIX L £2oTH 0, BEIIREOK
BE LD VERRCRS T 52, RILEEILS
BERTAEIIED bV, EEATEE HrC 532 0
DSE 1%, *650°C ¥ s\ TE, thr © HrC 41°0,
100hr ¢ HRC 360, 1000hr T HrC 32°0 0 X 5 7¢
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Fig. 6. Effect of tempering time and temperature
on the hardness and Charpy impact stren-
gth. Air-cooled from 1050°C.

BERTZRT. : :
| o X CEEEE, DSE oW Th B E, 600°C s
WTIE 10min @ 4*1kgm/cm? 5568 50hr @ 2°7
kgm/cm? FECIKEACEAIL, ThIBii—2ELix
3. 650°C TIE 10hr < BV ETII—5EE. 3 6kgm/
cm? ZRFAS, 10~200hr OEFE T B & &b IR
“ AL, 2°7kg m/cm2icEL, FOBITZEILL V. 700
°C TiE 10min @ 4‘2][<:‘gm/c'm2 B 1000hr @ 3°3
kgem/cm2F T LEONTETLTWS. Rrbbirs
Y5, BMEEEOLATSEY, BHRECKTOMHE
DK EFNEERBEICETL T 5. DSF O

- fEEARRE9IC DSE X V&<, REiRcd T e

DSE 04 &1 2 A XA BT 27T
L EoEERgE A ok 5, 1, 15, 50, 200, 500,
1000 hr DR % 2 50, IN HEKEHE LV,
18mA/cm? OBEFRBETH 50hr OBEREETROT
BB O X otk R % Table 3 WiRd. FHO
MeC WEEA D @ fﬁ:}‘ﬁgﬁ{t?@, M+C;, MgsCe,
Fe;W (Laves #f) (IBERRS) < X > T4 UcRbd
B X O&BRELA W TH S, Table 3 OB X
51, 600~700°C iz3siF5 1000 hr FCOEERERIZ)
AT B R 02T, WHEE L H MC+M:Cs
COMeC +MCs+ MasCo2 MeC + MasCeBMC+MesCo
+ FeaWEMCo+FesW 0 X 5 5 fEili 2 72 £ 5. Co
109% ¢ DSF &\ Tix, (1) ok 600°C T
1~15hr @O, (2)1600°C T 50~200hrdf, (3)
13 650°C T 50~200 hr O XUt 700°C T 1~15
hroflf, (4)1% 700°C T 50~200hr O TA LT T
W53, Co 5% @ DSE s\ T i3 b 538 o&Z{bik
DSF X 0 &A1\ Tk 2 BEANHED b b0
T, Co BRILMEE 2B ORHEROBHT L3S
2. KourskyDbIIABITRY2HT 5 12% Crif
VD ERRIER ORI OV T OFEDHT, 12Cr-3W-
*3V-5Co & X} 12Cr-3W-5Co FZD% H2h>DT
0, ThE w4 MEE (1050°C i, 670°C X1
hrZedy) w4 600°C T 500~4500hr, 650°C
“C 500~3000hr, 700°C “C 100~1500hr, 800°C T100
~300 hr @ X 5 L ERMBERZ2fTRo7kER, T

MuCs & FeW L OfEFHRIEICET 52 & 28EL T

Wi

Table 3. Identification of carbides and intermetallic compound in electrolytic residues

‘of tempered DSE and DSF steels by X-ray diffraction. Air-cooled from 1050°C.

Tempering Tempering time (hr) .
temperature Steel ‘ '
- (°CH ' : 1 : 15 . 50 200 500 1000
MsC M, C M, C MsC | MeC M C
Q 6 Ul 6 6
DSE %:ocpi 1\]\/}33(«(,:06 M3 Ce M2 Co M;3Cse M2, Cse
600 — = ’ —
psF | MG S Mo, M,C M, C M, C
M7 C 3 M;g 036 MiaC 36 Mzg C 6 M23 C 6 N M23 C 6
psE | MC M, C M, C MeQ Ma Co MzsCs -
M23 C [ Mzg C [ Mzs C 6 2 v 6 2 Fegw
650 Fe, W : MeC
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"(a) Air-cooled from 1050°C,
© (d) Tempered 50hr at 650°C,

Photo. 1.
Carbon extraction replica.
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@EE% Photo. 1 KFT. ChOOFHEITHKT BHH
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DR T, ﬁmrm%im&<ﬁb M.C; & MaCs
PBIFEL TS, FE(A)IX 650°C X50hr DIKEET,

MesCo PRELIXU DT WS, FEE (e)ld 700°C X 1
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(b) Tempered lhr at 600°C,
(e) Tempered lhr at 700°C,

Electron micrographs of quenched and tempered DSF steel.
X 6000 (172) -

_(f) Tempered 1000hr at 700°C

600°C X 1000hr, 650°C
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Apparatus for thermal shock testing, -
‘using flame heating.

Fig. 7.
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DSE ' - DSF SKD5
Photo. 2. Heat checks in the cylindrical surface of DSE,
. DSF and SKD5 specimens, as a function of
" the temperature cycle # between 600 and 40°C.
-Polished.” x100. (1/2) '

Photo. 2 [3fNEAEIY 4 Z b n% 100, 300, 500 [H]
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Table 4. Maximum breadth of heat check for 6o0r ;
- DSE, DSF and SKD5 steels(mm). 40 v “

: = .
i\\\\\\\\\\\\ 100 ‘ 300 500 g2 o5
Steel , - E e

DSE 0°003 0+008 0011 S HoF

DSF 0°002 07006 0+009 % gk

SKD5 0°004 0°011 © 0022 N

‘ i * S 04 /

n : Number of temperature cycles. S L /

§ 02 ~
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Fo. RERICAHEL 7230BNE, 1050°C Z2¥ik 600°C T 1 oosf- l /
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453 @ SKD5 ({LEsBEH, BUEIRGREAIE R & : Temperature (°C)
110N 11 4 S 7. Fig. 8. Resistance to oxidation of DSE,
FT) oy T%“ﬁ%%bf DSFEF and SKD 5 steels. Relation between

scaling and the temperature exposed.
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On the Spring Properties of_ Refractaloy 26 Type Alloy.

Synopsis:

Kazunori KaMisuonARA, Yoshiaki KANAL,

Fujio SEKI and Michiva UcHIYAMA

Authors investigated, as- part of a study on super alloys for springs, the. spring properties
at the room temperature or elevated temperature of Refractaloy 26 type alloy, which was
treated with various combinations of solution temperature, aging temperature, aging time and

cold reduction before or after aging.

Characteristics at the room temperature were determined by tensile, hardness, grain size

or bending tests to confirm the spring properties.

Characteristics at the elevated temperature

were investigated using coil springs treated with an optimum heat treatment and cold working

(to develop the superior room temperature properties).

For this object, compression coil

springs were manufactured and heated from room temperature, with the itemperature and
deflection registered. To confirm the stability of defiection under load and heating, coil springs
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