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"'DIRECTIONAL PROPERTIES CAUSED BY FORGING AND DIMENSION—
CHANGE RATE DUE TO HEAT-TREATMENT WITH
DIFFERENT HEAVY SECTIONS OF TOOL STEEL

Synops1s

Sadao Koshzba and Hachzro Homma

. At forgmg direction and its transversal dlrectxon in various ‘heavy section of tool steels
" (Cr cold die'steel, Cr=W-V "hot die steel and-Mn- Cr-W gauge steel), ‘dimension= clange mea~
. suring spemmen were cut off, and then, the authors mv.,stlgated d1rect1ona1 propertles caused o
‘by forging and rate of dlmenswn change due to heat treatment. . . .
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The results obtained were as follows: .

1} In the case of HDC and CRD, forging direction is larger than the transversal direction
in the rate of length change and diameter change by heat-treatment generally.

2) In the case of SGT, transversal direction is larger than forging diretion in the rate of
length change, but forging direction is larger than transversal direction in the rate of dia-

meter change by heat-treatment.

I. #

KT, & & ISR & 4 2, 4 T
BE Iy - ok EoMogE, TofdEme an
LEMAHEEITX DEALETROMEN Uik LIEME
I8 % . AT W CIIEM & 4 280 Cr-W-V i,
wltkA A C—d Cr $lds X OV PERER IBGHEF
Mn-Cr-W #§0 3§ QKM #1122 VT X OHlhk: &
BEALERIC X DETERZHAKL, MEOEREHESL T
LT, FHEELOBEZLREALELELDTH 5.

II. RBLUERRAZE

vy & B

AT W iifi: Table | Ok {2k %
174 B IERBENEAT e D72 120~130mm¢ DKM Th
L. TivE D g B R RAER & LT 8mmegx80
mm O FRERER K %, Fig. | R30Skt oL
35 ROERIR & D FNENEES RIS X O T S
T 2 R DERIK L 72

(2) ZEBE

FS L AUl £ T BERES B EEAL, BAK

Posiglonn Fositic3
z .

Forging direction

il

NRNNN @ 20NN [

' . .
Traasversal directioT

__'*I

O— Transversal diraciion

] |
% é’ﬁwg/ﬂg diraction

fosition  Position
b a

Fig. 1. Position and direction for specimen.
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PRt &ML, B2V TIE 2 H, FfEConTiieé
AT U2 OFESHZ R LAz, FEBRITFH V- 7o 8 EsE
S&ff% Table 2 TR+ . BARKNDTIE, WO
ik bhib 3 5729, #EHFMEBITENTHIET 2E

BT BRI U 32 2 AR o PR 20 mme IR o>

BEIE TR L FCH L, BAREMELE. Th
1T & DT B < I E LRI E s A 75 72 hsiEl
EWLEKILRER 5 X DB ORI IE3T5 & LA H,
Xio. i, USRI D, B R BE AEIThP R
AL, TOHMIELIRE 5 L.

EBRBRUPICER

Fig. 2~Fig. 7 B O&FM, A0 X DEREL
BT OWTHIE LRSS LOCEHROETLR LR
R L OBRFEERL-MBTH S, ThbitonT,
S OHEEI 2 TEH S IETIC AT 5.

Fig. 2 X' Fig. 3REC-HCrks 4 2HCRD
DEERTHD. ZORA, TNTHEAEMEE 950°C X
30mn JHEEAT, MOEER 50~60°C IZ{REL 7=. &
X OEWRRI—RTHEAED HEERIGEE 550°C BE%
T, TRTREHRAOFPKRE S EQEBRERLT
W, FOEBBEAESRELARELLBERERE LR LT
PEITANTE ) 550°C T EAE—FHTS. CofF
Mida, bERIE & BREKTH 5%, a fiii OH AP PHR

THBH. EFREAFIANODDIITERIBE 500°C I
POBEA ~2F FA hDTNTF T4 MEICED B

III.

| PNBEESEHENA T 55, . BEHFMTEThBE o

F, BERRE €00°C FTRMERANI TV 5. BEOZE

Table i. Chemical composition of steels.

c | si | Mn | P s . N . O . W I V¥
i { 9 ! = . H
CRD 2°1i3 0 i4 042 0023 0°004 0°i8 1331 — —
1T C 032 0°10 034 0019 0003 0°07 2°52 G-86 0°41
SCGCT 1°00 0*i4 093 G024 - 0°023 0°13 0-82 0-63 —
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Table 2. Heat treatment.

- ) Quenching Tempering
Steels. ‘Te erature Holdi time Temperature [Holdi time :
- - ITemper ing tim . . mp ur olding tim .
(°C) (mn) Cooling method (°C) - (mn) Cooling method

o | 200 " 60 Air cool.
o~ : . ‘ . 3C0 Ly i
CRD . 950 30 Oil quench 500 P 4
550 - 2 ) 7
" 600 7. V4

- 200 | 60 Air cool.
’ _ . ) | 2 4
HDC 1050 3 Oil quench. 20 A A -
’ 600 Y . 4
650 Z #

g 150 N 60 © Air cool.
' ! f - $200 v y
SGT . 850 30 I Qil quench. - gOO ‘ ” : ”
. - : . 400 ” ' o

e ’ 500 Y _ v

Rate. of lemgth change (@)

025 Psition & " Psition &
_\E’ﬁﬂg diréction . :
ul \ o { ) Forging direction ,

<

x.
Transiersal \ F ,
w

Rute of length change @)

/ L L 5 L 1 L ! L L L
g 00 20 S0F 400 300 6000 400 Z00 300 %0 300 I
Tempering  temperature () i Tempering  temperatire (%)

Fig. 2. Relatifofn. between tempering tempe-
rature and rate of length change for CRD
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: -\<—';7rg1}7¢ direction
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direction \/

;

~=
T

Y I RS
g /00 200 30 400 300 G0 /0 200 H0 #I 307 600
Tempering temperature (°C) Tempering  temperature ()
Fig. 3. Relation between tempering tempe-
rature and rate of diameter change for
CRD. ) :
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DOGRBBEN TV S, HAFROD DI Fhasis

V. ETLEEITBEAZOBIES, BERIEE FE LRk
FICIHEL, 300°C ~500°C 7 5204 ik 5723,
600°C £ TX OEIMEEFHVTWS. TRFBRODL D
iZowTa, bEMECEFETS L, BEALRTI
SR a B O BERRANTHY, BEHRTREA
HBOLEEEIITAE & bAE LVt (9 0°16%), 500
°Cr b ORI afiBEDLBLPEETH D,

Rate of lexzih change ()

Fesition b

g [

w0 —= —
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g F v . [

- e . .
«‘%_ ot Forging, dl/ﬁ.[:ulib e, —

< e

= Forging direction

£

S-02

I N TR R TR AT
Tempering temperature (C) Tempering  temperature (70)

w Fig. 4. Relation between. tempering tempe-
rature and rate of length change for HDC

Rate of diameter thange (@)
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/Farg/hg direction - .
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~NY
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ety
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IR Rt S T VR G T

<
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00 20 3 00 00 600 4 M0 A0 G0 0 5 i
Tenpering temperature (%) Tempering temperature ()

Fig. 5. Relation between tempering tempe-
rature and rate of diameter change for HDC

Fig. 4 %X (F Fig. 5 13 Cr-W-V RS+ 4 4R
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DE TSR DESEETH 5. HRIEE LRI T -

FROZAITTACRBRT,  BEAH B 2000C £ TiX

18 & A EZETE S, 200°C BLEIC B L IAER T U D
500°C 30Tk 75D, 500°C P LIEIREZRL TV 5.
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S WF A4 MECXBERBERETHDD. BEOLER-

— 29 —



1306

Fate of length change (%)

-4
g

Fig. 6.

Fote of lergty clar 2

ﬁ'@’kt%ﬁ%

;)

Positior ¢

01
e

Position b

Traaskersal wueucion

\Trﬂ.'srmzl direction

forging divection

=9

Ferging direction

\

o

W7 700 300 400 300 0 AP
Temperinig temperztore ()

Relation between

AT 70 #5

Tempering tempetature(. !
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B3,

— R IO LIS

EATR, 240

FRIm L
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THEIML TV 5. % L THEMEHROHSERMICELE
,73“37{13’50 T OREDHBTNBRLPLIHETH 5.

) Fig. 6 ¥ XX Fig. 7 V¥ Mn-Cr-W %~ — oFH# S

GTOWRTHD. BEAFHIE T T 850°C X30mni

BEAL L. BESOEBEITE VT,

— AR IZBEAE D

2R (ZOHEEIER) HCRD X HLPLKRE VL,

IR &

Litic Ak L 150°C ~200°C  F CULEE L

Twd. L1 T 200°C & 300°C DffChEhn, 300°C

RREERD, BEHEOER—

43 4 %12%‘

Foze of digmetor cheage (g)

R putima - Rosizion b
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g x\
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RN
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§ | o ] direction
®
s 0
&
/7
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Fig. 7. Relation between tempering tempe-
rature and rate of diameter change for SGT

CRECEL, AN EEEOME, 500°C THIGH O
UG ETWVWTW B, L L CRERIBES, EAHND
FHERRBATHFCDEEOTBVWLL S LY. TOL
LR CRD, HDC LERFRICL TV 5. EHE
OERERLEEOLNE, EEEKERLTTH D, <
TR ERTH D

DL EEBRERIT OV TR A, REBRICIRT DT
RiC B 53 B Rk O EERIVEIHUZS Lic gk < IIRIKE & %
b, wVF A R ARk < IR,

0
o)

bbb,

Position b

(Position a (Position b ) ( t > )
forging direction transversal direction forgn}g direction
1050°C o.q., 650°C a.c. " 1050°C 0. q., 650°C a.c. 1050°C 0. q., 650°Ca.c.
Photo. 1. HDC necxmeny4fo(2/3) Photo. 2. HDC spec1menx400(2/3) Photo. 3. HDC specimen X400(2/3)
Table 3. Dimension change ratio of 3 tool steels by heat treatment.
Heat Dimension change ratio Dimension change ratio
Steels Position’ Direction (after quench) i (after q. and temper.)
treatment @) | @ | «) a4 (%)
o ~ Forging 0" 195 0165 0-091 07079
crp = Ced 2 Transversal 07054 ' 07113 —0'008 | 0038
200°C a.c ,  Forging 07149 o164 i 0°051 07075
~ e Transversal 0°063 0°185 ¢ 0001 0°110
, =no Forging —0°038 0°125 —0°035 0°120
gpc (PPCoa -2 Transversal —0027 0:093 . —0°025 0°090
=3 Forgin —~0°090 0-098 o —0097 0184
650°C a.c b ging ; .
N e : Transversal  —0°030 0°125 i —0°028 0149
a=no Forging 0-184 0°300. 0+044 0°137
SGT 80°Co.q. 2 “pransversal 0°210 07237 011 0° 100
209°C a.c b - Forging 0168 0-340 (0} 022 0220
- e . Transversal 0°263 0°249 0°115 0°149
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STUDIES ON DUPLEX-GRAIN STRUCTURES OF AUSTENITE (I)

Effect of Duplex-Grain Structures on Properties of Steel (Part-1)

Synopsis:

The duplex-grains of austenite were d1v1ded into the ‘‘uniform duplex grams

Yoskz’a’ki* Masuko

and the

“non-uniform duplex-grains” with regard to its grain distribution pattern and the ‘‘duplex-
grains in the McQuaid-Ehn grain size’” and the “duplex-grains in actual grain size’’ with
regard to the method of revealing them. Thus the effect of duplex grain’ structures]} on

properties of steel was studied quantitatively.

-Carbon steels with 0°30, 0°70, 1°00%C and Ni-Cr-Mo case hardening steels with 0°209%C
were used, and with most of these steels impact transition characteristics was investigated

systematically, but with some steels tensile: properties were also investigated.

Results of these investigations and some considerations are sumimarized as follows;
(1) Steels of the “non-uniform duplex-grains’”’ in the McQuaid-Ehn grain size present

similar duplex-grain structures also in actual grain size.

Steels of the “funiform. duplex-

grains’’ in the Mc-Quaid-Ehn grain size, on the other hand, do not always develop duplex—
grain structures in actual grain size, but ordinarily present fine-grained structures in it,
unless its austenitizing conditions are so high temperature and so long time. '

(2) Strength and ductility of steels are strongly influenced by their grain distribution
pattern in the actual grain size; steels of higher degree of duplexity have lower strength and
ductility and steels of the “non-uniform duplex-grains’’ have much less strength and ductility’

than those of the “uniform duplex-grains”.

(3) Steels of the “non-uniform duplex-grains” in the McQuaid-Ehn grain size, therefore,
are most undesirable with regard to strength and ductility, and steels of the “uniform duplex~
grains” in the McQuaid-Ehn grain size, on:the contrary, have ordinarily almost same degree
of strength and ductility in actual heat treating cond1txons as that of steels of ‘‘fine-grains’”

in the McQuaid-Ehn grain size.
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