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. Effect of C, Cr, Mo and V on Properties of 3% Cr Heat-Resisting Steel.

Synops1s

Sadao XosuIBA and Tsuneo KuNoU

Experimental studies were made on the effect of C, Cr, Mo and V on hardness on heat
¢« treatments, mechanical properties at elevated temperature, rupture strength; microstructures
and deformation ratios of 39 Cr heat-resisting steel, which is used for heat-resisting parts '

of aeroplane structures.
Results obtained were as follows:

(1) - Wlth increase of C contents, the hardness on heat treatment and the tensile strength
at elevated temperatures were increased. But the rupture strength showed the maximum

value at about 0°36% C

- (2 ) By further addition of Cr contents, the as quenched and- tempered hardness below 600°C

were increased. The as- tempered hardness,.

the tensile strength and the rupture strength

m a range of high temperature above 650°C were decreased.
(3) By increase of Mo, the hardness after heat treatment was increased, but the tensile
strength at elevated temperature and the rupture strength showed maximum value at about’

2°43% Mo content.

(4) Addition of V increased the hardness of steel on heat treatment,

’

but the tensile

strength at elevated temperatures and the rupture strength became maximum at about 0°55%

Vv _content.
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|47 4 (1961) BWa B

N4 288& L<Cid Cr-Mo, Cr-V, Cr-Mo-V,Cr-
Mo-V-W sl iifErA—i I X TV 5255, Mo
JOV BERCET LR ATET S THETDH
D, TNHAMEERE L CERT A CESRTEL K
5. LIl oTCE &WWiR~4: 3 Cr-1°5 Mo iz V %
IR TR S LT BN EER R T D EE X
5nd. #7c C, Cr, Mo 3 XU VORREYICEZ
DT XD R ERIRE I A X B R A T EEH A3
BoNDIDLEXTDOREBCOVWTEREf TR DMk,
1. 2 8 K &%

BHERk 4y % C 0°35, Cr 3°0,Mo 3°0,V 0°5% & L

‘ClX 0°32~0"45%, Cr §J 2°0~6°0%, Mo ¥ 1°5~

3°0%, VIid 0~1"0% O Livrx, S0kg®
JEHEESIFT 30kg SHSRAZMREL L, 15mm FITEEL

Table 1. Chemical comp;osition of specimens (%).

mm ¢ X80mm ORHE 1050°C L 0 HEA(EE)L,
500, 550°C X UF 600°C O3 EBOEECERYTR
vV, BESRICERLEWMOERLRZEE LK.

III. R & ¥ R

(1) ZERBA IR '

Table 2 (T FRBIOZEREARIRBL A R Ul 7o Sohngh
B X OFERORILERENL 5°C /mn ¥ BB OB DR
EINEYREEVY 950°C & L. Table2 iR+ Z&L<LC
B OBANT L 72 23V idhs X O EI D288 S I3 EIE i
BETS. Cr 13C LEn@EMETT, TROEAIT
Cr moOMC L 23V EBAICEEIT 5. AEBRO
PP Mo T ANE3s & IR DY A DWHIZERE AT A
EHBD LNV, EROEAIT Mo OIEINC L7-hs
%:‘?ELEUGC@E%?E. SE VRO Lﬁ’:bi\/\b‘fh
DERER D HRANEE T 5.

(2) HEAREE

C Si Mn P “S Cr Mo v Fig. 1 1T C D4 O s A KBRS
C1 0432 0°38 066 | 0-014| 0018 | 3°02 2768 052 &mL7c. Cr XU Mo D
C2 036 | 0740 | 0°65 | 0-0l4 | 0°0t7 | 2°95 | 2'63 | 0°55 — e —,
C3 0*45 | 0°37 | 0767 | 0°016| 0°018 | 2°94 | 2°63 | 0°55 Mic“ibfmm@@@%m?
: : 2% VIZBEARE DR & &0
R 1 0*37 | 0°37 | 0766 | 0°012| 0°017 | 2°13 | 288 | 0°55  &yer irr - -
R2 | 0738 | 0733 | 0°67 | 0°01l | 0014 426 | 2°95 | 060 v EDRINCLIZAVERE K
R3 037 039 068 0014 | 0*011 | 614 2+88 0°50 A 5. 1100°C PLEREAIREE
M1 | 038 | 027 | 072 | 0°010| 0°018| 288 | 1-65 | o0-51 PEATIIVEDEMCL:
M2 0°38 | 0°35 | 0769 | 07014 | 07019 | 3°06 | 2°43 | 0°57 43y, kA 14 )
M3 0°37 0°31 0°69 07012 | 0-018 | 3°03 3-18 0°52 BAREZIAT S
(3) BEREEE
V1 |,03 | 035 | 0°57 | 0+012| 0°015| 2'78 | 2*65 | Nil. - - A oy e
V2 |, 03 ! 027 | 052 | 0016 | 0°014| 2°97 | 2°63 | 0°33 Fig. 24 Cr DF& DO LERE
V3 0°38 | 0740 | 0°58.| 0°015 | 0°013 | 2°99 ! 2°75 | 0°90 EE#xRT. HEEEE 600°C Ll
TEPICAV. Table L ICREOILERSERT. 7
BESCTRIEOEE S, RCTroa, MTE) TF7o Table 2. Transformation point of the
. i n o ’ specimens tested. .
VTNF 0D A DBE R
& T = 3 . I Cooling
ZDHE & R ska\ o C i H
ZREIE 7mm ¢ X70mm DOBAEIREAK T RS A g:i'gfnoi | transformation °C
RN THnE s X ONRHIZERB 28I U e, B AREEEVE mation °C | Furnace- | ;o (oino
15X 15X 15mm O vy, 950~1150°C D0 i | _cooling
B HE 2 b 1S p Ci | 823~869 774~716 370~319
NEEZ»>Z, %h%ﬂaJi%l?’ELEbC 30 %Fﬂﬁﬁ%ﬁ'&g C2. “ 812~860 !‘ 752~~701 205~.269
WL TEEZAEL, REREEIIEA L RROFE T, C3 =~ 808~853 ' 718~676 269~190
1000~1150°C X 9 Z8351% 400~700°C DOERIBEIC4 R1 ' 798857 '» T48~-700 340~320
| BRI R A VB E AR U . IR X Rz = 821~870 . 761~712 279~184
| %FBE]B:E%HJI E‘Ezz lesz ERBARAIEE R3 | 3880 | 775722 o157
SEATER 7mm ¢ OFERRER & 1050°C 1T 30 FrRifRiE !
457 LT, 650°C ir B % 75 70 U . 500~ 700° Mi 813~857 743~699 275~220
fﬁi“’}' C, 850°C ‘3 RefelBEER & 7751, 500~700°C M2 | 814~859 754~703 |  285~257
DOAHBRREIT BT 5 \mRG PERRB 2T 27z, 777« M3 - 810~862 756~698 | 354~302
— 25 NE 47 ) 5 —_= =2 =] ? 1
SEEEIXFATER Smm ¢ D 7 FF » ~ B A 2 HiR5E Vi 805~841 +  739~673 | 251~212
A & RIBROBLIEZ T\, 600°C 12 T50kg /mm? V2 810~860 1 740~701 | 262~221
‘ V3 813~863 774~707 | 355~319
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Fig. 3. Relation between testing temperature
“and tensile strength.
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Fig.'5. Relation between V content and
tensile strength.
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BT T AEABEGELNSD. Fhs1 2k
LCERT 5 54T Hr C T 45 DIEMREEL
<, LMD THEIRED 500~600°C &\ 5 FLigi
IBEEIT I\ W THER 23T 70 i B, Table 3 iz &%
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Table 3. Deformation ratio of specimens. (%)
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|ci ¢z c3

Ri |Rz |R3 'Mi | Mz | M3

contents and the time to rupture.

ERLWRERL, Cr 3oy dic L
LRRBEZRASTH. Mo 5K U Vidfskista Cr & [
OEAERT. | '
(7) BRIMSEAERR

Photo. 1 {(a) B5X U (b)ix C23 X C3, (c)iz
M2, (d) T V3 OEfgiAME R Lx. Cr e
(a) @ C2 DMLk b2 2 4 FEREEZTT.
Mo’ DB REMNED S NV, VIZ Vik
XU V2hx C2 & ERRGHARZ T2 V3 1z (d) 1o
R T & L R R L T B,

Vi gvz V3

1050°C Diameter ] 0°081 0°080 0054 0°082 0°C62 0046 0°062 0°062 0+062 0-091] 0084 0062
Air cooling Length 1 0°142 07120 07120 0°125 0°075 0°063 0200, 0°163 0°154- 0°168 0°141 07075
500°C Diameter | 07076' 0°075 07064 0°078 0050 0°037 0:062 0°079 0-058 0°120 0°077| 0*066
Tempering Length | 07063, 07063 07050 0°072 07055 0°050 0°050 0025 0°025 0087 0+084] 0025
550°C lDiameter 0°099| 0*096| 0*079| 0°09¢ o-o7oE 0°046| 0071 o-o95§ 0+067| 0*141] 0°099 0092
Tempering | Length 0°063| 0063| 0-064| 0°074) 0°C55) 0*050| 0°075| 0*050; 0*025| 0"087 07084} 0063
600°C | Diameter 0110 0*111{ 0°087| 0*121| 0°079| 0°C62 0083 0098 0*095 o-141, 0°110} 0* 141
Tempering i Length 0°100] 0088, 0°088 07090, 0°085| 07062 0°075, 0063 0°025/ 0*090; 0°085 0°113

(b) C3

1050°C air cool.—650°C X 3h temper
Microstructure of C2, C3, M2 and V3 steels.

(d) V3
X420 (2/3)
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