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Review of Theoretical and Experimental Works on the Strength of Metals from
the View Point of the Dislocation Theory—Various Unsolved Problems

Kenzaburo MARUKAWA

Synopsis

: Although the discussion on the mechanism determining the strength of metals has a long history, it has not come to a satisfactory conclusion

on its many aspects. Recent works on this subject is reviewed on the basis of the dislocation theory. Subjects discussed in this article contain

such items as (1) strength due to the Peierls stress, (2) solution hardening, (3) precipitation hardening, (4) work hardening, and (5) strength

related to the crystalline grain size. Various unsolved problems on these subjects are pointed out. Concerning the Peierls stress, available

atomic calculations are still unsuccessful for explaining the general relationship between the stress and the lattice parameters. On the solution

hardening, theories presented so far fail to give a quantitative explanation on the temperature dependence of the yield stress. It is suggested

that a satisfactory theory should take into account the interaction between a dislocation and plural solute atoms at a thermal activation event.
Regarding the work hardening, the necessity of the further discussion on the saturation stress are stressed. Concerning the grain-size effect,
the dependence of coefficients in the Hall-Petch relation on the material species should be clarified more precisely.
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Fig. 1. Temperature dependence of the yield stress of pure
Fe agd Fe—N alloy (156, 318 mol ppm) single crys-
tals.
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Fig. 2. Peierls model of an edge dislocation. Shaded vol-
umes are assumed as elastic continua.

FHLTWS, BE, /S T2 HOMBRFEIELE DA
BIZEkoThEINTVWED, 2ho TRESERERTH
(BERREY) WEADESE L THAN T, ZOH TN %8
NPT ZLZANERDTND, Thbd, EhiHEA
DEBUIE > T, Péa, SR TIIEBROETICHET
DHAERDZIZFL AV -2 2HEL TS, Ly
LIOREFETEOGHRIHET S L) ARBLORN
WREHBLATHEY, ZOKIBER—HIIDONWT, ESE
BREDHGRAEIZIZ ZRETRERNH DTN E
EAZTWS, FIZZBLAOENTVE LT, BEOKA
IHINF -2 B rHEMHEERONE BR300 7 TS
OB ER GLASTIRIMOER) #ELSHERTS
ZridTEhany, ELOEEERERSISE, HIATE
TROEAAIKET AT ALY -HEEMT 5L DT
KHEMELLBH, 0L EFEN DR FEE X
HTnkn, SOMBEIZZOLD BEAHNTOENES
PUIAREAZ A MR EAD T % &4 Peierls 5 DR 0D F
&0, BIEEL Hbh T 3R FEOARER T L L
WiETAZEETERL, 20K, /S ZLZAHOR
WATEIR A AMEOMBEATEL T, 5% E 5 IT/KaT
AR BMENRD S, Kb, /54 T A NI DN TOHEERR
RBE LUOHBRHEORRIZOWTIZ, BEDL E 2 =319
ICEEL WA S B,

3. EBfEt

3.1 EKEHOEBE(L—XKRT—4
BEEEELzEsEO B T VRO BICHFIETSHRT
HB5DT, TBEBEOBRTCRRITIEAREV, &
¥, ZHICET A EERERABHIIRD KR - T <, K
5 EBRISfcc ZBOHBHTELL A THD, BRIS
HOEHERFADIRGFESAFERSNTWSE, T DT
2, (HAEOBRERTREE (0, (2)BEEFOH¥ A
Ef(n), (HEHEEM, (H)EBRELE S5, T
ZIZH A ZRFIZBEEF O 1% () LB B T O
TEENED n=0—-r)ir, C5Z 5615, BIALIECu-AlD

447 R



I 448

$% & 4M Tetsu-to-Hagané Vol. 91 (2005) No. 5

£ TiEn=012Td 5%, k¥, Fleischer'”d Z DT IZE
HEBEBEDOMMEDEAMKST ZZ EAREL TS,
T, FOETDOIB(1)E (2)LIZRF 5 HERRER S
AF LD TERETIBE RO L5124 5,

7= T,+0.05Gn3”2c]’/2 ............................................. (4)

2720, CulkASOFERTOREZRIZESVED, 1
BMEROBERID)), c3PRRETELLZBRERETH
5, ik, IOAERIIBWTE cOBEE1IRETHE
RPRZn, TORKA 1 HDE503238H->THEEER

L5359, ZOLD HIERORBIREHMOWR ) HFizd
KETHOT, 2HLOEEMAHD I L E2EHL kX,
Wy,

EIIGHOBEBIRERIZ OV TE L DR S LI AT
iz, ZZTIREOHlE LT Cu-NiAEDHIELREOL
Fig. 312 L2, ZOROD X > IZHEEBEILIZ BT 2T HIE
HE—RIRE RO KR E L85 (KRS /& af
BT ) EDTOIERTFBRIENTES, TD
A T 5 IRE (BMERE) T,3ESBEAEDIBAE
WBEIZS 5, ZOESIZ D0 BIZAhNBE I LT,
BB S BRI L DB BEPEE TSI EREL
T3, B, FDHLOIRICEhE, ZEAEOEE
1213 S0K 2 LU P ORIRMIE TERIC I OREIRTEE
LN BBZ L, /AL > TKIRD T HERIG A
K< A2l (RRER) »WiroTns2),

KiZbec EBOBAEDHITH 24, ZOJPAHDAEITIL
EIRAEE R L RABIEEARO —DDORMH Y, Ferpd
REFERS LFOERDOEBIIHEIIRT S, —MRBAREE
RO F BEBRAEEK & D BEEELAE LA, Zhidi
ABNRFOEPBEETFICG A2 EBABKREL, Rzl
7oA ZHFITHLYTE2EDNRELLSE20DTHS LB
RTx3, fle L TFRemORIEAKDOEE 2R/ H1T,
Z DF R TOFERIG IO RIERL R 2L

=1, F0.05GCY2 e (5)

ERBEINTHE, F/2, FeHORREABETOHREYT
i, FRAF2HOBRKIZ0020BEIIxS, —F, BiRK
BEIE R D Fe-Si A& 12 5\ TIXRERIG J1 AR 125 L B4
PN AR ABONTVBEY, WFRIZLTEIRA
RURERA R DRERIS I B RAENE R D Z AN T - &
KEL, RICIRETHRTAS LI LEDOENS S, &k,
bec EBDBA, FRUTOKE TIZ/ A T 2 HORhES
HE->THNEZ D0, BENL DB K 52520,
FiRD L TRABNI fecEBOBALEDbDOEVWERD
hah, BREMENEEDEINS S 5 Do FRGIL#
EELL L,
3.2 EKEBEOEBEL—FE{EEOTTIL

VT, BAM{LOBEIZOWTERT 52, —bfecd

12

Yield stress (MPa)

0 100 200 T,
Temperature (K)

Fig. 3. Temperature dependence of the yield stress of Cu—
Ni alloy single crystals.?”
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Fig. 4. Interaction between a moving dislocation and
solute atoms. The inset shows a force balance be-
tween a dislocation line tension (I") and the resis-
tive force (F) from a solute atom.
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Fig. 5. A schematic drawing of the temperature depen-
dence of the yield stress in the case of the solution
hardening. 7, and 7, represent the thermal and
athermal component of the yield stress, respective-

ly.
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Fig. 7. Stress—strain curves of Cu—5mol%Zn single crys-
tals at various temperatures.*” The horizontal ar-
rows indicate the onset of stage 3.
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Fig. 8. Pile-up of dislocations emitted from a source (S) of
the primary slip system. Contours of the stress field
around the pile-up are drawn schematically. The
dotted line denotes the stress having the negative
sign.

Intersection between a glide dislocation (ABCD)
and a forest dislocation (EF), making a junction
dislocation (BC).

Fig. 9.
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Fig. 10. A schematic drawing of the cell structure in a
work-hardened metal. Cells are elongated along
the tensile axis of the specimen. The internal ten-
sile stress acts in both of the cell wall and the cell
interior, but in the opposite directions. Volume
fractions of the wall and the interior are represent-
ed by /., and f,, respectively.
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