710 & &

B 54 £ (1968) 6 S

O EMBOME — BTN S RLR T & R

;A B X B

Strength of Quenched and Tempered Structures of Steel

- —The Relation of Microstructural Strengthening Factors to Strength
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Fig. 1. Various stages in tempering of steel.
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“Table 1.
for iron and mild s_teel.

Summary of experimentally determined ¢; and ky in Petch-relation
(at room temperature)

Chemical composition (%) )
(k 7'mm2) (k /rﬁiﬂ)_cm‘} Researcher
C Si Mn N & g
0115 0-02 0-51 0-0085 71 0-73 .
002 | <00l | 014 | 0003 49 0-73 } CracxneLr, PETCH (1955)
015 0-02 0-51 0-008 77 0-73 HesLopr, PETcH (1956)
0:04 012 0-02 0-006 77 0-74
0:03 0-12 0-25 0-006 77 0-74
0-04 011 0-47 0-006 77 V0069 Hssvop, PETcH (1957)
004 014 0-91 0-006 11-2 0-70
0-05 017 1-90 0-008 14-2 060
0-12 — 0-59 0-011 9-2 084 Hurr, MocrorDp (1958)
0-038 0-008 0-40 8'0042 g'g 0-73 WiLson, RusseLL (1960)
0-12 0-34 0:52 -008 6 1:04 y
0-13 0-30 | 047 | .0-008 9-6 0-70 } Copp, Prrox (1960)
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Fig. 2. Dependence of lower yield point on grain
size. (PETCH)
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Fig. 6. Relationship between square root of average
dislocation density and flow stress of iron.
(KEH & WEISSMANN)

DT, WMEI COmE BRELATIERLR.
Table 2iZ1x, Davies 52, LACYS®DDF — &2 % § —
FEFRREE L7,
33 BUREBECLEIEITEHANEEOREER

KEH, WEISSMANN2}Y, WA OEW O T4 %25 2 71-4%
Fgh Fe oW T, EEfIICX 5 ILOKE S DR EE
ZEEL Tw5. Fig. 6 13, HEHOHI EHERE L7
LOTH DA, ERICT o &FHERMEE 0 & ORIC
WEROBEGRASHSIL TWv b,

Or=00+0"38 b/ P oo (4)
FtRiT, EFRISHorL pV/? L OEMRBGRIE, £H55END
WEFER VIO KT DV T HE SN TS, F72KEH
T, FiEds Fe ioowW T, v VEEDIRMERE & [F K&

Flow stress



714 % @

3 54 4£-(1968) ¥6 =

-~-Table~ 2. Selid solution hardening effect of substitutional solute atoms in ferrite.

(kg/ mm?/atm 9)

Researcher | Yield | g v |cu | N Mo | V | Ti |[Co | Al | P | Be [(C)

Lacy, 1 - N .

GENSAMER 2%x10-3 | 75| — — 86 4-2| 08| 68| 2°1| 28| 5 | 11 |12
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‘GLADMAN LYS. | 45| 33| 45 0 |[-29} 19| — | — | — | — 39 | — | 127
(1963) - . |

Davies, Ku 10-8 25| — — — — 04| — o} 12} —-| — 25.
(1966) 10-3 52| — — — — 1’7 — |005| 32| — — | 148
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. 7. Relationship between yield stress and car-
bide spacing in a quench-aged Fe-0:45
Mn-0-017C alloy. (Lestie)
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Fig. 8. Correlation between-interparticle spading (1) and

yield stress (g) of a 0:022 pct N alloy quench-
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Table 3. Summary of experiments on the yield strength of high-temperature-tempered martensite.

Strength

Stegl Heat-treatment parameter -Experimental result Researcher
. Effective . - 5 .
Eutectoid | Q+below A,, T deformation Linear with log P(GENsaMER’s Relation)| GENSAMER et al.
of 0-9 (1942)
0-70C 815°C Q +705°C T| L.Y.P. - GENSAMER’s Relation ROBERTS,
1-06C - ANSELL-LENEL’Ss Model (according to CARRUTHERS,

Ansell-Lenel)
- OrROWAN’s Model(according to Tyson)

AVERBACH (1952)

0-42C)Mn |Q +426~675°C T 0-294Y.S - GENSAMER’s Relation s TURKALO, Low
056 C |steel (12hr at 675°C) e=2 | OrowaN’s Modél $according to (1958)
0-75C TysoN)
0-7C 840°C Q +690°C T| ,. GENSAMER’s Relation (existence of
0 c} 0 T~300ns 0295Y.S. s Miva (1961)
0-48 C} 900°C Q +705°C T U.Y.P Linear with M-1/2 (M : mean free path| Kossowsky and
0'95C (5~22hr) T related to carbide to carbide and Brown (1965)
dislocation net-work)
0-13C-  [Q+550~675°C T 0-204,Y.S - GENsaMER’s Relation (kink point Kunitake (1967)
Mn-Ni-Mo | (1~100hr at XS

675°C)

corresponding with matrix recryst.)
- Multi-regression analysis on relations
of microstructural factors to strength

Fig. 9. Representation of a dispersed two-phase
structure. (according to GUARD)

ROBERTS 5401, 0°7 X 1'0%C 0% AN,
A SETOED ELIC X2 TERL BRIRE(LE >
WT, THERREE logP DOREEMBEREETVS.
2%, 0020 XX 0045%C D7 =5 4 h+8—5 4
MMEBRRIERIT DWW T D, FHEBTREZEYIC ENIE
TARC logP WL TCR—EBLIZOE 52 & RNTE
HZEhRLTz

A S LME L 2B U2F XS ¢ T5H5 22 AR,
D%, BlEFEE L TETHEMEZFIAT TR XA
T, —EofSErET . EFHBRBOICH I BER
DNWTh, L) IrLBEOEEHRE~NLELI LR
IDOTC, SHIL—BORBEEZETOTH 5.

TurkAaLO, Low*Di, 0-429,C, 0-569,C, 0-75%C
O 3 EHOMDEE A2 AN, 426, 593, 675°C T #d
EL, BREVRERZ TR DR —F, VIV AHILEBE
FEEE=2 TR O TRILMIC X D TEE 2 FHHh{THE

280 —
S )
260 ‘\\ * Pearlitic
w. 240 S\ - © Spheroidal ]
Qo N O%Oe{:,b'gm Mn
; 220 S
(=% ] g
~ 200 TE\ = 140
e @
o~ \ e
:, IBO syl Ne —I{0
It (3 N 1120 —
w180 R E
%l@ 100 5
S [s) St
& 120 X 1 80
100 =
M- 60

80 v
2'80 300320 340 360 380 400420440460
Log meon ferrite path, ongstrom units

Fig. 10. Stress at =020 versus mean ferrite path,
for eutectoid steel. (GENSAMER et al.)

BIEL, MECEBREZRI L. TORSE, @Wolb2mR
FTiphb b, 426°C 3 X% 593°C iwkiF BiED &
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BrRHDZ 2 BVH L. 675°C TERBREDL X Lo
7 — 2 OLREBBEGE, LI TR, SOk
{EWERIC OV, RIEDSEIC I > TEE 2 Y
HTEORDL VI, HEROXEZIZEVIE, 23D
FA—ERLCOEE L EMBTELILEAVELE. &
LIdZDOEAE LT, 675°C HH XLt Tll, ald
WL A ERBHRCELDT, 7=54 FOEHH
BfTBZED DD LT, RILMORD D ickEaw R
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Fig. 11. Yield strength as a function of mean

free path.
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FLOF—ZOEEH LT LA D0, 28
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Fig. 11%08).
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P EDHMEBROEREDL L7 o4 MLk
VT GEnsaMER OR{HR% Fig. 11 2% L &7 (Table
35M). X HIE L DEHRS GENsaMER DBROD

CBSLE T HA%  JOBROKILE R S MR

EWZ Lv. 2T Fig. 1l # X vEEimcpkd s &, Tu-
RKALO, Low DEEERDIZ 51T 5 LML L DO b D
BIUOHROERDD - EEL L, WINLERELE
TOBRICRT HHEED & UM b BERIRRIC i
CHET5LDTHL I Epbhh. Tihbh, BRI
RO T DV T, o C% X2 Tigl s
LIEANE L, RSN ko Tl 5 E BT
BICXOT, BESRHIND T EPARENTVE. SH
{2, Turkaro, Low*D@{GiE#EEL &L (426°C,593°C)

DF — 2T X E, T XD bEEPRWIREICRY S
B F LT EWCIE, 3EED log Ptk 5 EMAE G
(LLAESLT B ELTL)OARIIAII LD T LB
NTVB. £7, BRKRICIESIC OV T, EREDOH
BT LN, HBHPOETINMEAOPRENTV S
7%, CHUEEEARIE LA LD, =k Y v s ADT
=354 FOESRERS DL EBERATREEZITED
DITHELTWE®. 7 = 5 4~ OFERZICE VT,
BALIAS 7 = 5 4 b OSSR FICKY]T AR E W
TeEEZHbEBE, 2T Turkaro, Lowibzi,
675°C, 12hr g3, X LOF— 2T R/L T, RIEWITX
L5PDRHVIT, 7 =54 MERROKESER 2T
ELHIFIERY I EELLND.

4.1.2 OROWAN DEF I/

SMOK R, Fido X5, b)) v s A
LREEA T, W—l kX X0k{bmEko at random 7%
SENTEEIT & 5. Tysontld, $EArHS- DE L% ENL
LE, rOBEL LR FREEMD & HICOWTELE
L, (koK xEHi.

1 /2 x
Z=<NS> —2-7'

T N V3, o W OBAEEY A D ICHFET SR
FHTHD.
TysoN X ROBERTs 540, TuRkALO, Low!D D7 —
Z2iconT, ERiCXBARERL, BRICHE A/ 1)
LT F e v b L, OROWAN D% I3 5 EM
BEMELRS T e R LT (Fig. 128H)*. T DEM
D4V, 0-363 Ib/inch (6-49x10-4( kg/ mm?)- cm)
L, OrowaN DOFEF 5 E**TTV.  Fi2, dgo=
60,000 psi (42'2kg/mm?) t7c5%3, FVvicHklod
LHEBORARORESIPLEZNEELLEL L LT
V5.
Fig. 12 ic, LILOFERY, fLOFEEHRERDEND
LB LUTRLI:. T THHLWD0ERT — 2%, BE
O BEMLEL, BEARILRXI2THELNIEIAED
Fe-AlLO;, Si0,, MgO SRz oW TELAIL DT
H5H.
4.1-3 AwnserL, LENEL O % 7 U
ANSELL 533D EREHIC g,  FCERREV-SECRIT
BWTR, BUOEER 2712 LEMEREKRICHBEREC
LiZ7 % . ROBERTSSAO0,  FLHT 35 1 ON IEHT§H D ERIK
RACIHEERIZ OV TD T — 210 H & DT, ANSELL LM
VI, oy vs. 27V QRN ERE HESES NS LR
* TYSON'Y OFIJRICIAUL, a=0"7 &L 4apb=0"320
Ib/inch &7 b, XU 0°363 Ib/inch & —FT 5.

¥ OROWAN DR TULS & CAOMRBER, BREETLDS
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ERHiC N B IEHHCR D 3 IR EEYS S 5. 3 L 029% KkAK
g ARG IS, BMERID 335 -EORESIIUIKRE

WV ERET AT (72 ROBERTS GO DEBTRAED SN
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Fig. 12. Yield strength vs. (inter-carbide spacing) - 1.
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