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The Effect of Strain Rate, Temperature, Grain Size and Si Content
on the Lower Yield Stress and Flow Stress of Fe-Si Alloys

Synopsis;

Seita SAKUI, Kimiko SATO, and Taku SAKAI

The lower yield stress and flow stress of two kinds of Fe-Si alloys with various grain sizes were
measured in the temperature range between 77 and 473°K with strain rates varying from 10-%sec! to
33 sec~?. These data were analyzed using the Hall-Petch relation,

oy=0i+Ky D172

It was found that the addition of Si to iron increased the athermal component of friction stress and decreased

the thermal component.

This decrease in the thermal component of friction stress caused the solid solu-
tion softening phenomena in Fe-Si alloys at low temperatures.

The relations between the activation vol-

ume or activation energy of both alloys and the effective shear stress were not affected by the amount of
Si added, but whole relationship was different from that of the pure iron.

The differences in the low temperature deformation characteristics between iron and Fe-Si alloys were
explained from the viewpoint of interaction between moving dislocation and elastic stress field in the lat-

tice around the solute atom, Si.

The strain rate dependences of the lowere yield stress of Fe-Si alloys varied continuously in the range of

strain rates from 10-% sec—? to 33 sec—.

The relation between the effective component of lower yield stress

and strain rate was well approximated by a power function at all temperatures tested.
(Received June 7, 1971)
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Table 1. Chemical compositions of the

specimens (wt %5).

| si c | s Mn | Al
Sample Ai 1-15 | 0-004| 0-014] 035 |o0-1
Sample B{ 2:86 | 0°030| 0:008 | 0°20 | 025
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Fig. 1. Lower yield stress of A alloy (Fe-1-159451)

at static (é=14%10-%sec~1) and dynamic
(=33 sec—!) test as a function of inverse
square root of grain diameter at temperatures
77, 195, 290, 373 and 473°K.
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Table 2. Effects of temperature and strain rate on ¢; and 4,.

Static  test Dynamic test
£=1'4x10-*sec-! €=33sec!
Temperature 77°K 195°K 290°K 373°K 473°K 195° K 290°K
A oi(kg/mm?) 44-5 175 1o - 85 7°5 31-0 22-5
alloy  f (kg/mmyzy | 25 2:3 | 22 20 | 21 - 24 23
. . . i . ;

B . ¢i(kg/mm?) 550 32-0 25-0 21'0 18:5 ‘: 45-0 380
lley k,(kg/mm®?) 32 2-85 92:75 24 2:3 30 . 28
| | ! [ I I I
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/ iron®%) jis shown in a broken line for
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Fig. 2. Lower yield stress of B alloy (Fe-2:869; Si)
at static and dynamic test as a function of
inverse square root-of grain diametr at tem-

peratures 77, 195, 290, 373 and 473°K,
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Fig. 4. Friction stress as the function of testing temperatures
(a) at static test (6=1-4x10-%sec—1)

and Si contents.
(b) at dynamic test (€=33sec—!).
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specimens with different grain sizes were
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tested for each alloy.
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Fig. 6. Schematic diagram of the relation between

lower yield stress andJgrain size at various
strain rates.
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Fig. 7. The effect of strain rate on the lower yield stress at temperatures
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D=7" B‘u.

195, 290, 373 and 473°K. The solid lines are the results of
(a) A alloy with D=10"0g (b)

B alloy with
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Fig.-9. The effect of temperature on the effective
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Fig. 10. The change of flow stress with temperature

change (290°K — 195°K) and strain rate
change (14X 10-4sec—1—>8x10-3sec-1)
after the specimens have been prestrained
159, with e=1'4Xx10-%sec-! at 290°K.
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Fig. 11. The change of flow stress of prestrained

specimen at the change of strain rate
(1'4x10-4sec~1—»8x10-3sec1) at the
temperatures 77, 195and 290°K. A alloy
with D=12'0y and B alloy with D=9"6.
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Fig. 12. The yield stress of specimens tested at
various strain rates after the specimens
have been deformed at ¢ =1-4x 10-4sec-!
by 159, strain. The test temperatures:
195°K and 290°K. A alloy with D=
12:0g and B alloy with D=96p.
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Photo. 1 (a) A alloy 290°K (x330)
Photo. 1.

(b) B alloy 290°K (x330)

Slip lines at 290°K on static test.

(a) A alloy with D=32'0p deformed about 189, in elongation.
(b) B alloy with D=48"'0y4 deformed about 159, in elongation.

Photo. 2 (a) A alloy 77°K (x330)

) Pure iron

77°K. ( x 330)

Photo. 2. Slip lines at 77°K on static test.
(a) A alloy with D=22-0y deforrmed about 25% in elongation.
(b) Pure iron with D=27'8y deformed about 25% in elongation.

R HAEEO T HERR (Photo. 2 (a), D=22'0
e, e=25%) 1%, TT°KTHLERICBIFISLHLDEEEA
ERULSPEIRTRD 2R LTS, B AL Fhid
Photo. 2 (b) (D=27"8p, & =25%) 1T Li§ligkon
TR EELIL, RWIERAVCH VT D & Z WS
EPBEDIDTEY, TOTROVBOBEIIAEED
HDITHRTEDLDT/HE.

Tk BA4L®D 373°K KB 5T 0 BRI, Eig
KOFTRYEHBED L, BIRT DB LD DHEN T
BIIRE DT WD Z LD Sz, Table 3 131L
LDFT Y BBEOHBE N IC X DE(LORELETL
T2bDTH5.

4. = o=

141 BRERCHT I EMEEBEBEETRLF -
Fe-Si &4 0T HIFRIE ) OAIREEIC B 5 OF 2k

Table 3. The slip lines of specimens at various
temperatures on static test.

Temperature | Pure iron | A alloy B alloy
Above 373°K Wavy Wavy Straight and
wavy
290°K Wavy Wavy Straight
o Straight Straight
77°K (Twin) Wavy (Twin)

EEGFH (Fig. 8) XL OBH (B 5 VI3ESh) &h
gy oX QIR X 52t (Fig. 9) &3, #woigid(t
WX BE—OEEBARIC L2 CZIb LT w5 & s
T25&, Fe-Si GE&ORBLAT I T B iEM LIk o*
EEEIET A VE —HEBRRC X >THE T & 5210,

H(3)XD
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Fig. 13. Effective shear stress dependence of the
activation volume of A and B alloys.
Black marks indicate the data for é=1
sec~! and white marks for €=10-4sec—1.
Data of pure iron is shown in a broken
line for comparison. Double circles ex—
press the calculated values by H. Conrap®
using the results of the test by D. F.
STEIN et al.i® on Fe-39% single crystals.

Effective shear stress (kg-mm?®)

Fig. 14, Effective shear stress dependence of the
activation energy of A and B alloys.
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V. fligkoBEIRRIC DWTIE, EHE Lo IhE ol
LRI BT 5 KA ROD, I ST EROKIRE
Tt B3 RN > 59719, Peierls-Nabarro
NPBGEDERBLEREZ TR LTCWELEEZ LA TWS. &
Z Tk Fe-Si §&DEIREZEE bR U < Peierls-Naba-
rro NICEDTREDBALAHS LEEL TULTRERmZE
DXS.
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BFF LA THRSZT F > 2 xR S 5 AT AEME 2 $R0E L
7o L ZAHTHBECHP/ NS WEREERIC KT S Fe-
Si 4T, BEIRF SioFEC L >TET SR
NG, BEALOERNCH LTAREWIRFIZS 2 TWw5H &
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OBERSRZ2TH, Fh & Si FEF L OMEERK
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BT, fthon B8 Ao 23 O MK BT B 45 R & I
VR U THEBMPVETIIEND D, 7o & TR
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KOOI DH. TORER, HHIEEREET2~3 o0
Z B BEC T ERRE ARG 2 T, B0+ ZoEEEE
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Fig. 15. The relation between the activation volume
and effective shear stress in log-log scale,
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Table 4. The values of r, and C in equation (7),
both determined from the results in Fig. 9.

Temperature  77°K : 195°K 290°K 373°K. 473°K

1
r, | & 2nd B, 0028 0-072E 0-106 | 0-137 | 0-173
alloy i l
A alloy j1'695 | 1-320 §1-130 ‘0'960 0-620
C ‘ .
B alloy  1-660 | 1-400 | 1245 | 1-020 | 0620
EEEMANG & L ASHEE L.
o —~2*5Q— (1/63- kg mm~—?2)
T
3-75 10-13 ]
== (CGS HfID) ~(6)
H(5)E(6) X AMBEFELNS.
Ing¥=ryIn €4+C ~-rrerormmmrmiine e

(7)
___ kT

70T 375 % 10-18 :
Ty =078 %=05¢% OPFZRYPEFEVWTC IR T
F & oo* WHE L. FK C 1 Fig. 9 o £=10-¢
sec"HC kI B o*DEER(7)ITRAT B LT XDT
kb E, ZOXSRLTHKkDAEHMC & ro DfEi%
Table 4 iT/R L7z ZRHOKMEER(7)ickd, £E
BECEVOTHEELCK TS 6" ZRkdDD T ENTE,
ZHITIEBAIC NG o EREMNERIC X 23F Ky -
D12 2inzEbEhiX, EE0ERNEELE TR
FOTEHERIGCNIOUTEEC X 5E(LBELNS.
Fig. 5 & Fig. 7 (a), (b) KT DEH TR LA
BRZOIST L THKRDIHEZETD 5.

T T
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80 —
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Fig. 16. The relation between the lower yield stidss and strain rate in log-log’scale. 1
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Table 5. Various strain rate-stress exponents (r—1, 7'~1, m*=r;=1) measured from each of the
relations of In ¢y —1In é+and In ¢;—1In ¥, and In ¢*—In é#, and dislocation velocity-

stress exponent ‘‘m’’UDE,

Temperature 77°K 195°K 290°K 373°K 473°K
33 38 40
‘ A alloy 55 35 @0) @ e
r=h (In oy—In £) > 37 Y} 14 57
B alloy 123 67) 83) 100) —
16 i6 15
‘ _ A alloy 35 18 28) 28) )
r=1, (In ¢i—In £) 7 75 37
B alloy I 36 40 (40) )
m, (V—1) Fe-39, single crystal 44 38 35 41 —_
A alloy 280 13-3 8-8 6-2 46
m¥(n g*—lIn &)
B alloy 37-2 14-1 9-2 67 4-6
+ Equation (8) F Equation (10) £ Equation (7) £ Equation (9)
oi & UFLIEE & O YT T B0 #52 BHRAS JSL L7k ] I —
pote. FirbbR(0) ik Btk 7, C R —o——=— A alloy
—o——o0— B _all _ °
R & I T R B % & D7 60 e F=TTK
In 0'j=f' . lnE+C"'(10) 40 . {;"//’0"‘"— 195°K
. . 727 |/
s In ay~ln8, Ingi—Iné O&EMAORTBHERK /of >
rRET 7 OFRER (9) B BIERm LT /8-//2%/
BT EVIRTRE L%, FROHEELHT Table 5 wm £ 20 - N ?
. . e g o _° A 290°K
Lie. FREOELAT & i WERIRERSIC 51 bR RIc = Ve /N
DNTEE, OTLIHET €=1sec—! L £=10-¢sec iz 2 10 e 8 ‘/,Q«_~ 373°K
BT BMBOBEE P HLEORD r BEO 7 ({HEgwdrk. 5 8 - i A
Table 5 DIFEYIPICT U gkilitt e=10-sect wisly & — AT
BERATRLTWS. mifik Fe-3%Si BERHETs o o K SISV o
w4 s e ——=1473°K
D. F. STElN it L3R TH DD, D. F. STEIN 533 / /N /6
. s . o o 7
PP & U S SRS T B O B 2 R C S8R A A1 7
Licz &u% ahif, BESOEEANC I 5 EEEN 2 / 74 /“
3Rk v EOEREFE LT X B m{EE B TS ///"‘//
DBEHRTHE. MEOMIZZITLE 0BEWIRE b | ’/. v
Ve 2L 77K SR AEATE T 2MEITEE ST
VDD, REOTIG NI BT B ERS B S E 7 — 6 5 ¢ o
5X 51, @D B &4 77°K T+ 0L L ER Stroin rate {sec’')

CELVWREZEREZR I Lic/idTH 5.

ERLD EDOEIBE (3 195°K 3 4£%.) TRAEED
TFERRRRIG I 5 7V BRIS 1103, TAEEER S O 9 ZOHEESE
I H VTR (8) i 10) X TEHEHE N H DI &
i, G. T. Haun O FEBIC 5 1 DAF HigsE & —F L
W LBLR(7)IT k2T oy 2 01 TlEL, Fhid
DEHEN o* L UFHERE & 2 xdtic & > TEBT
N, TNHH I ROEREGRTELYE S - LT RET
&%. Fig. 17 3@&4D o* L ¢ pmxRyEiEclem

Fig. 17. The relation between effective stress of A
or B alloys and strain rate in log-log
scale. Their slopes are shown in Table
5 as m*.
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Fig. 18. Comparison of the strain rate dependence
of lower yield stress and flow stress at 15
% strain.
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DT ERFERIG T & IRNIE N O OF BOREERFM R 2%t
ST 5z Lo, L L 77°Kic k15 B&4i3,
MHCTHLYRESLOTHREREEL TR LT NS,
A, B W&4icow<T Fig. 8 & Fig. 11 miskdie
77°K @B 507 HEEKRGHE (do/dIng) %
Table 6 TR L7z, ZNX DAL BT HHEEDMET
BLAFRILT®5 2 &hbh5b. FHBRISTOOT
ZEEERGFELETREVOR, INETOFRYE—LER
BT HEERSTFRENDDOTHS. Zhick LB
B O TFEBARG 15> HRD 7o OF ZOREIRITFMER, IR
NS BRkDIchOD 1/2BE UHEDTWiK .
BEEZ BRI BZOWMEOEL, ThETHBIALTE
7oRIgk B 5 EBRERO- LHAS D EE x5, T
bbb EN 102, TH ST o 77°K
W ETBEH-OF 2, BRECREERICES W
RELVWELV—Y o U ETR Lo — R IR AR
ADfc. ZOMEBIRENIOT ZRBERTEEZ £ o/
LIRE L D7eh, TDHOBE—ERIKET BT biih

Table 6. Comparison of the strain rate sensitivities
of lower yield stress and flow stress at
77°K in 3=10-4¢sec—!.

Aay AO‘F
VR 4 In 3
A alloy ﬂ 1°40 (kg/mm?) 1-27 (kg/mm2)
B alloy | 0-65 : 119

RV, MERBER % R & s iR ERER B O F ERBRRIG 1 &
FEAERUOTHEEERFHEEZT L. & ZATSE
DBEELICH-OFT Ll EBEIEIc X > ¢, 77°K
BT BBRREEPCT Y LRI 27 0 ORGBER
R T EDBRD LN T DOMELETEH FEFERES
NOOTHEEEKFHELZETIFRTH S & &13,
LREOMEcE T s ERER-OHEIN LS. ASS
TIZDXSHBEEBR LN DIDIX, ZOEE&MTT
°K THE LWIEIRT D $EEER% 7~ L (Photo. 2 (a),
ZERMERT & D TENIT LT E b Do EEBRE
RiZxoTHPEINS.

44 Si [CkD Fe-Si 520OEBRGE/LEBEBFFERIL

Fig. 4 X 1 473°K 5 290°K % CTOEIEEIC
B1F5 Fe-Si 5&OFEEILT o1 VX, Si Oo&FEICH
LCEIFESENBE®RETR L, ZhbOEHROEE
TREIND EBEERT(LR 4oi/4CTBEOKRT E L bic
Wil Tws. Lo L 290°K DIFToKBECRS & Z
DWW EEMBIRD LTHERD I ENDD, WhD5EE
HIILBEGRER Lz, 41 TBIF5EE,S, Fe-Si &
£ T S1 BREORERRID B Xz &> C Peierls-Naba-
rro [EEOKREZINIG N EEZHL, b ED Pelerls-
Nabarro [ X 0 3/ NX D EED & Z A TlE, fib
DEGF L VEHCF 2 /OB RER T TREED H
5 ENEZLNAD. Lo TEW (ERITEE) IS
HBKE VTV HIHED Fe-Si 54Tk, BRER
CHE LT HER(LT AU — 1Mo X b LA
TEZENDD, THITXDTTERERE OIS
s o* BBALTEHEEOHZENEZLND. D
o* OEEILIT X BB ED, Si DM o TH#EML
T IRBMNIG IS op DEEIMEL EiTisD7z & &iT, v
Hb@ LEEERICLOR KB Hbhz EE XTI v T4
bHEFEERBEL & EERRE L WS BRI 2RE T, R
(2) BT D BEBIC N OFEFRNE IS op L BARIIGT
R4 o* LixT B Si oEEOI/NCIOTHRLRS
LEZNTHEFINS.

S CERIRBETRBIC 10 2 EE AL doi/4C 2%, {8
EORTLEAREMLAZ EOFERIIKD L SicEx
bhn. Fig. 9 X b Ep9EEIC 1 5 MigkoFHhIG
290°KABETIRIERB I A >TWHDIN L, MEED %
oD REEETRL, 473°K [HETR D THiC
DT W5h. bbb 473°K 5 290°K % ToBREE
KT & & DIENARB{ILEREM L T2 01, Wmed
DEGHINBEDOET & L MLtk L, #
BOTNRLELERESTRETH T it X 5. JEEMD
JGHREXT B 81 OFER, TXTOMEORYIGHH
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FEiss 473°K R HERIE O Si 8T Xk 5%k
TEbLEFLS. Fe-Si FE&DZDLED ¢ (7213 o4
DEEEE(LEIE, doi/40=3"24%x102ke/ mm2 TH&
Zbihvan.

SFRIC BT 5 EBEELRIT, d6:/4C=4"34%10%kg
/mm? THHAR, ZhITHO Fe-Si BEEGTRdA
{H (~4"2x102 kg/ mm?)02, C. E.Lacy & Fe-Siop
SRR THRDIERE (~50x102kg/ mm2)2® L 3T
—H LTw5b. L2 LIhS50BEERE LRI, FRic
BIFBHED 01 VX op KFEELR, BEDOETNIZ a4
E c*FDEFESATVWDEEWSFKEDED/I-LDHE I
LB AOHETHS z sicdEeshlEk bn.

Fe-5i & THbLNIEHBEIKILORRIL, fhogks
EFTHEHLNDL ZEMNIRETWL 2 EEINTE
DT, g ogkLAsto BCC &BOEE£FRTHHEDL
o ZENEDLRTWSIID., r Xk Sz BCC &F
DFEESE THLN S BEERRICER ISR, B
bbb, FRBEE, BAREGEITRDIC s
bbT%L D BCC 4 FTHLNLTWAZ EhE, »»
MD—RRANCR B[R TH S LS. FORE
DFA L LTI ET 1) scavenging G $hE3, 2)
RRTNDOEEFI™, 3) WERAEE OHEMD, 4)
Peierls-Nabarro JJ D /4-32307 E R F Hh v 523,
ERECTNLIEE LR LTI Tuninn.

BABARFWIEF 2T LA EE T WHgoOEBRIET
13, HROBKOTNI D /I REERFEYHETRTE W
9 EBFE R, G, GROMBRIG N ORBEKRTFMET, s
BABIARHMERT L OMEERIC I ODTHRELLEASS &
DEIPRIBENTVED. ZDHEESH LELTEDOR
N X 2> TEPITEE LT WA B AR RMMEF OJLE
PR T D T EMRHNE, LEEOHEM» SBRAIGH DR
EBHEFHDIBATERES D L5 D5 | O scavenging
hR W X SENEHIRILDOFTHSD. L LSED Fe-
SIGEI DV TR L2 2 % — s B I OMIERR

B b, ST AN TRABTRMMETC, NAFZIE.

M UEERED LRI, Lo Fe-Sid
LDEE T D scavenging RIS DD LE
z2bhs.

BCC £EDMIBZLERIIFICS v BALOEHIT LD
TERINTWBEEEZEZLNEND, 0Tt AT
IBEAFTNYORIHEESIRERT L & BiCEIT
LT DB, HE—FEORITRIZRITOI
LELEHNTXDRERDDITRDBILESS. LichDT
7RI X DR TN DD HHEED, BREN
DIREMRFHLIRET HAREMEPE 2 5N 5. 3 LG

LI X DTRIT R o Z HFHESEMTHE, Lk
ROHGY» 5L DOEEOERIE N ORERFEE L EL T
57255 L) ONE 2 OEBHRELICHTHHMATDH
5. W. JoLLy?)x Fe-39%Ni &4 THbhEEEK
{LRG%E, ZOB2oREII>THEBLE. Thbb
Fe-39,Ni 0+ b BiEkEE, 77°K & 50°K DGR
ETLEFRTBIELDIFTLAEFRUEKRT VR E
LizZ &d b, Nl ORI X2 THgOBEEER D,
BEREBETIZXT) BPESH KLY 55 Lok
D, Thdh Fe-Ni §&OBRIGHEZHgOEN I DD
WOSRLBERTHD :FE i KEBROASETED
% Fe-1'15%Si T4 2 Fe-Ni 4 DB LRULL,
77°K THELWERT R0 ERER L, R <EBHEK
HLBERER L. L LBEL&ThbL Fe-2-86%Si
OBEFGENE, TOHEMER L CIREKRIFESAEELED
L EIFEALYRE CThoie pt (Fig. 9), o+~
DEERIIEIRMAIETHIT LA FESMNS T XD 2R
L, A4 0FNEIRELIIREEDTWE. LD
T Fe-Si A4 THbLNHEIAARILE S %, X T XD
DESHIC I DOTHPT S T LILEY ThVvw L X h
5.
B3 OWBEMNEENLSSLIC I > THEINT 5 2 &5
HE, R(4)DER o & LTHERIGHREALT S
AREMEDIE X B BP0V S RE DKM R D SRk IoE
Do Mk E WAL TITEE LW, TrLASE(kic
IOoTRLTBEMETRLIZOT, ZOE3 X 53
LEM TV EEZSND. Ui LABIEREECE L
T, BECGEGEHBE 2L > THERT 3 ULERD
BEEZTVS.

£ 4 @ Peierls-Nabarro O &4{bic X 5/ DA FE
iz o, R ARSENAULT®®, B, Harris?® 7 5%
IBLTWA. 0% 2 3iigki 500 Fe-Si 4 0T
875 Hs, Peierls-Nabarro Jjic k2> CFErLEi 5 Th
55 LEE LichubhOE 21 b2 & bHEA LV
HFoBFE LD L STESLT X > TRIMEESZ (LT 55
AL RO REIIZESIA 2T 5 Z L & o C Peierls
-Nabarro 13545 & ThiE, TORLEEEST
FZEOBKELD L ENTREINS. ZhilFe-Sig4
OGN OEFHED, SIB I OTIBEAERUTH
DFERIC DV, 7 ST BHOBIMREFRL IS
HIRETRIHD, TOLE,LFHMEND  Peierls-
Nabarro JDIRLERIKRETHS. SEDFe-Sig
& OBEBNGTIHEIZRD FNIT T 20% DA ERL
el ki, ZORMEOEILET TRBPTELVEFE
2bh 5.
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Fe-Si 440 TFTHBRGEHEFNGH LRI ET 0¥ LEE, RE, BANEEL Si sARoEH 857

LZATA | OFMLEE EERb 2 v ¥ — L FR)
BAMGEH EOBFREER LLLEDET N, Thbb
AL XOTHERTIC X 8IS B0t X >
T, BEAEFOERIETH S+ 7 OB ESIT
BIsk35h, LB oTHBRERK LELGEHEL
TANE—EFESLC I DOTHAT B DD EE X
55, SEIOEBRFERFEEHTEDSBH—LT
HMETEXS. LH»LIOEEIEEEs 3 vy — D
B2 S BmEHRTHH L EFHELLTNIER S
VW EWWSEEEREDOT VLS.

5. £

Fe-Si &4 & ROKREREZDCE S 5450 D EHR
BR» O TR TRME L.

(1) TEHERREHOEE L OTHREC X 5Z(L%
HaLL-PercH OBBRIVIC BT DEIRIGH 61 L E Ky
T BIRE L OTREREORE L LTHET L. EE
TSNFBELOTLEEC L 2Ty US LWELE R
L7chs, ¥ Ky T 0§ 508 B 133 L AL RS
T, FWEEREFEE R L.

(2) Fe-Si & OEEENORE L LTI OT HE
BEREME, Si OSHRIITIEE A EEBERTS ok
A5, MR BT B NS AL ELRDIREET L
B % = L.

(3) 473°K 75 290°K 3 COBEEEMEN T BT
HEEEIS N, SiogFEEE EbTHmML, Th LD
W LR DBHRASERSE L7e. BRSO A4 bic X 5880
OREZE®bLTEBAELEE, T ORBEREN TG
BT E D ICHEMmE TR LIz

(4) 200°KLITOEEICK S & Z0E&M Lo
WA LHADBRICIIAE LD end D, BT
WX 77°K, @ERERTII X VERO 195°K TE LWE
BIERRCBERER L. 2D (3) & (4) oRT 58
%, TibbEAERE L & BEIRL &, BEEGTIOIE
BRGNSy op EBWISTIASG o LiTs 5 Si o
HEOX/NC X OTHRbINS &% 2 TG S

(5) HAIGHOOT RIEERFMHT, MBAF O
HRERIVCRIOTAERERARTH D/ F2Y 2 —4F
2HiH E DI ST —BREHFEEBRICANTEET
% &, TEHEBERIGHOOTHRERFERRNISOX
e ws L.

(6) FeSi GL&omMEbAREGE®RL AV — L
INLOERERERCET 2ERBERILOHE L. £
NORKICESCAMCTIOL OB TERLENh, Zh
SOEENEIE S HICIBERLOT 2EE, ¥23E

&0 Si EHRECRERGRTH . Lir LT 60
PRISMIERIT 3 1T DFER & WTAL»IC R @R R L
7z

(7)) DLEOHERER?> D, Fe-Si 540 EIBZERIT
WigkDEE R U< Peierls-Nabarro Jjic X > T X
nTwa EfEmEShie. HigkmaeaafcR o ®E
KROFEBDZE, & CEEERIKICER IS O GET
AR Si BIFIET D T LT X0 T U7 its i L&
WRAL & OMHEAEREFE 25 2 LI XD CHEMRL S h
-

(8) Fe-Si 24D THEEARENIDFEREEIC X 5%
{b¥k, €=10-%sec! H 5 &€=33sec~! F TOLAEFHL
EETHTER LTAL LTI D, ThooFMISHE
OF R & OBtRIE, T T EBREET ~F Al
(. Ino*=r-In€+C) TEPITE 7.

TERERIRIG T & O T H0RE & &2 0TI 5 &,
SR EOFIREEB TR B & RIS TR 5 H
ERFEZTT L SR Sh. Zhid Si oifinc X
DTN L7 BMIIG IS o D3R L TH bz %
DTy, YU EEREREOLLIZ X 5 D TiE /v
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Fig. 19 B THBRREHOEREBEEE, Thbb
HavL-PeTcH O B {RICH 3 5 HEBRIEE O R 8 2 BARMIC
BRLAbDTHS. Mok SICBEOEILIT X > TE
BIGT oi LEbICER Ky b BT 5E5 054G, £
BOHERNE (tx Fig. 19 s 13 5A) 285+ 5
AR OTHMERIENOIREIZX 221{tr b, *+OEE
JEADREIC X 52ELERDBIEREKDOL SITTHITX
V.
Fig. 19 0lRE 7,7, LR FT5THBRREN %051,
Gy, T DERISN%E o), 0, HarL-PrrceH o E¥ K,
# Ky, Ky, £35. R(DEAWTTHBRIEADE

Acta Met., 10

Strain rate = Constant,

Temperature = 75

(a,)

Lower yield stress

A
Grain size (O7F)
Fig. 19. Schematic diagram of the relation bet-
ween lower yield stress and grain size at
various test temperature.
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