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A Study of the Relation between Distribution of Grain
Diameters and Flow Stress in Mild Steel

Synopsis:

Effects of grain diameter distribution on the flow stress of mild steel were studied.

Hiroaki Masul and Hiroshi TAKECHI

The flow stress have

been usually connected with an apparent average grain diameter which is determined by counting a number

of grains appeared in the cross section of mild steel.

The difference between a true flow stress calculated

considering a distribution of grain diameters and an apparent flow stress connected directly with the
apparent average grain diameter was obtained in some distribution of grain diameters.

The following results were obtained:

(1)

A stress calculated by the strain continuity model and a stress calculated by the stress continuity

model coincided well for all the adopted distribution types of grain diameters.

In Gauss distribution (f(x)==(1/1"278) -exp{—(x—pu)?/28%}, x: grain diameter(mm)), the dif-

(2)

ference mentioned above increased with S.
(3) In the uniform distribution (f(x)=1/2P), the difference increased with P.
(4)

In Poisson distribution (f (x)=exp(-—-R) - R¥/X !, X=100x), the difference decreased with R and
gradually came close to that of Gauss distribution.

(5) A metallurgical meaning of the equation (¢ =g(x, ¢)) used in the calcuiations was discussed using -

work hardening theory.

In summary the difference was remarkable in Poisson distribution, but those in Gauss distribution and
in the uniform distribution might be neglected except in the case where the flow stress is discussed with

an accuracy of the order of 10~ kg/mm?.

1. &

RO ERIS N LIETEESIETFD 5> bTho
L RERZEZDLOLDIT 7 =54 RO FFHRRE
(BAF : BfE) ThHO™.

BT EFR EERFECOF I XD IEE
TBMRE LT, DEWRTVWDHWYWS PETCH ORNH 5.

=g;+kd-1/2
o ERIGH, d: Fighet

LTAT, TOFHEED DL HEE LT, BH,
B OEFEMBEBTE C—~EmRA ORI Z#E|
FELTEHTEFERYE2TWS. Lil, ZOX5KC
LTk 5 i RIIREO KRB SENS ik EE
LTWEVWDT, HLETH—ICOHLRETRT [Arl
DFHRE] T Eixv.

I, Y CHRBICBEDOFENELZMD Z LB T
SIELTH, TR EEBLENEZEEE S T L

il

LEETH 5. _

ZOES BT &K ITHRBEDGHDOKEY, VbW
LIENMO KT BRATERNZ2DIS5EXLN
%.

X TT, MEOHRBHLHEMSAitEELTELL
LERGH E, [R-GOFHERE] » 5 B 0>
I OENBERIGH (ZhE [RATOERIGT] &)
LOEBREDBEORE X 2R THEEFVERALILT
TEHER B Lol

2. X B K &

BEOEREY & FIRAOSERTOBEGDIRE L2
fbEEd LTk b, B - FEHRONEIIERRERTICZE

T OMHEOE ¢ AXSBERASITTESR
FBM46EB A 2 HEN
W B ARk () BT SERT
EOFTRARS () BRMS THE

— 79 e



1108 & & & & 58 &£ (1972) 8%

Table 1. Chemical analysis of the sample (wt%).

C | Mn s P Si Cu solAN | insol. N o)
0-021 | 031 0-019 0-010 0-012 0-042 0-0024 0°0002 0-033
b3 5. DIIE - BESUMRO RS BB ZEb B Z 2 & MM L

Table 1 3 LY & FEHO{LESITETH S.

zihE 1100°C, 1200°C, 1300°C, 1350°C d4&iE
BT lhr 2%, fE EIBEE 900°C CEUE LIRE 27
mm QOEGEHRE fFo7z. Thx HCl EBikts, FET=2
70% THIEL, HF 08 mm OREREE-.

WEROEIESEICHE S 180 mmx §F 35 mm O
B 2TV, OB EmMBGEE 100°C/hr T, 750
°Cx4hr OFEELES, FPHEELL. oRE»S
JIS 5 S5 5RERBA 2 ®E L /2.

BEERERIIBKAEN St D4 & b o LB REREREIC
X b, FIRTHEREE 20 mm/min TfFleD7c.

—%, EFNVDOHEHEADOFEICE TOSBAC 3400 %
R L7
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Fig. 1. Schematic representation of the stress—
strain curve of mild steel.
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Fig. 2. Relation between the minus one half of
grain diameter and ¢, K which are
obtained in a relationship g=g,+K-¢
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Fig. 3. Schematic representation of the strain
continuity model of grains.
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Fig. 4. Schematic representation-of the stress
continuity model of grains.
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Fig. 10. Schematic representation of a relation
between the area S, of the cutting plane
and Ny, which is a number of grains
appeared in the area.
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KL= DTHS. WERERMANCIEIZEEEDL DT
WA, ATEOFSMESNI VW ECERTRETH
5Ha

4. = 2=

(MHRBB V(1) R TELTERIE O E F NV ZE
T oEDDTWL &, MEOCRKLD 1A 1 Ok
AT (2), (3)BIT(4)REMHATEVIEMH
ANBLE 0T D ThIFHIEC G EFR T
WLOME LS. £ 2T IOMER >V TEELRTTR
DTHS.
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BEMORK LEBSTICOVWTO—#E

1115

— AT ERIE N (TAMET) © CEMEE p & ORM
I EOMEREMNED LR ED 1D,
) ‘.=T*+a#b1/; e e (29)
TTT, o FEEIGH
¢ - RIpEE

b iN—H—R - RZ b
ZE%ODF RIS B ERERER s LT 5 L, Thid
KRS S FER L LT5L280X ’DP\_B‘.%:
5 =pl-- --(30)
i, BTAMEBHTEER r & T5LE, DXOBGRED
5.

7=pbs e e (81)

(30), 3R XY, B)ABEBNLS. '
O=7/(BBL) oo (32)

BDRE QNI AND &, DEOBEFESELNS.
r=f*+ayb1/r/(bﬁ) A=Y/ (33)

CONRAD 51103 Nb [z DWW T DEB T EIROE TV
EXRT O ABREB VI LvbhTwS
T, PRAADIETE 0, B e L T5HE,
EDHIC 2 ED XL SRS,
e=g*L2V' 2 a#bVW.[—lﬂ ......... (34)

72l o¥=2r7*

22T, (2)NTITR2X O o—c phtREFHE
KERTHEUT 2HERESRD2EFHITAHS. (34)
HT 2V 2apb/VEB=C L1 L, e=¢(ZDED o
& o0y T 5) WED g—e T2FD X S ITEKETIELL
Ehs.

(33) K

= } “(E—E
G= 00T de s=go( o)

=00+ (1/2)Cey=2/21-1/2(g —gg) - vmrenmvee (35)
(B5) I Go=0*-+Cel?-12 ZANBLDOEDLS
5.
6=0%+ (1/2)Ceol/2l-1724 (1/2)Cey=1/21-112. ¢
B6)HiT (2) K EIFFIT X LT B. (2), (3),
(HRZELDTELL2EDXSILES.
6=164+x"1/24 (53 +4 x-1/2) g verenrernnnena (37)
2T B6) K & (37K & DEAEMIL I 2 T > T
5. (36)KDREL (1/2)Ce'? & (1/2)Ceo~/2 L% DL

TRELTHEEZRALTHEDS.
a=0"4 (Keutd), =05, p=7-9x 103 kg/mm?,
b=2-48 X 10-"mm, £,=0-095
ERALTLTOELZE .
(1/2)Ceol/2=0-97 kg /mm3/2
(1/2)Cey~172=10"2 kg /mm3/?
THE@NH LT DL Table 2 DX 5Tk 5.
Thabb, GOREBNRCHENT, ¢ 5 FNVE

DL (ETovE x7V) ORFGIIEF I I - LTV

5.

—F, e RELED 712 (£723 x-12) ofFfiie
REAELE2>TWD0, BOXEBNRN LBV TeD
PRI E LTRELR BT E28DL5cEL BN S.
Fol 2, VR (7Y -2 =8(mm~-1/2) L Xz
EDXS5is.

10°2 [-1/2=81"6 kg /mm?
5344 x~1/2=85"0 kg /mm?

INLOEDERKI 4% BETH Y, EBRIEEL LT
ADTL BHREMERSH . Liohs2T, mEOMicAY
HISBEVEWEZED D LI TERV.

DE2@EETDE, GOREBNRLIIrED XL —
HLTWwbEFELoN%. Q)R IEESL IVSES
WHSB L TR T5BMRTH IS, SEZD 1@ Ho
SRR B RNEiT VO ERE F AR IEE

—ICDORIFUBREMTFORTVWH E VX XS,

¥, PHEEAIEBRIITEHTD B0 o* 23 e OnL &
LITHENT B EWIERBRLH HID®, hnzEE T
5LB)RDofb it o>EDBB)RBELR, BN L
BEFRCHEOX LD 220 MaTsl.

o=a* + (1/2)Ceyl/21-1/2
+ {ko+ (1/2)Ceq=1/21=1/2} g weoenviieeeeeen. (38)

5. %

BEMOEBICHCE XIET T - 54 MEORSERIC
DWTHEE ROk, B, SRR o aMss
BEHO—EERAONEZRIZE LTk 3 [Briro
FIHRE] EEBIENEE2FESE TV 5D, BEDOE
BRIIMERSD L. T 2T, NEOSHEEE LT
AL, TRIOEERE] © Bific Fe3135 8

[

Table 2. Comparison of coefficients in the equation (36) and (37).

Uoémcient ot {—1/2 (or Coethicient ot (-1/2 (or
Equation x~1/2) in the term which x~1/2) in the term which Coeficient of ¢
does not include &. includes e.
Equation (36) 0-97 10-2 10.2/-1/2
Equation (37) 1 4 53 +4x—1/2
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% 58 &£ (1972) 8%

PFOEREN LOEBEOBEORE IPEBIL
THiz-

(1) HEIVHPELSHREOLETD [E—E]
DEFATRDALERETE [BH—E] OEFFTAVTHK
DEERENIIL —HLTWS.

(2) % (x:mm) # Gauss 57

(f(x)=1/V27 8)-exp{—(x—)?/25%)
2+ 5EANE, SHRELEBICON, HHWEERELT
k7= (1) DEDERIET & BT OFHRED, HKD
LBEPIOERGHEDOTRIAKREL LD,

(3) REH—HRSM (f()=1/2P) 2T 555,
PriElksicoh, THRRELKS.

(4) HKI{EHS Poisson 47 (f(x) =exp(—R)-R¥/X!,
X=100x) 23 3EEE, R BPZ/PEIVHETTHEIK
Dhx\wv. —J, RAPKEL S (Poisson S3AHkk Gauss
SANCET L) woh, TR /PELAED, LEWwK
Gauss S OTHOEICELL TV L.

(5) (1)THIRE (x) OHHIREEFEE L CERIGT
% 3Rd HEICE LA EARIRMR (o=g(x, ¢)) KDOW
T, T LERKC X 5FEETL Ok,

LR, BSHOSERTE VT, B2 OFigh
R EREOERISN &2 BTG S D Z LREEL
EERED D LD, kL IZREN Poisson 53T
BEAIMETHD. —F, Gaus HHL—FRIMET
DEFWRLERIE % 10~ kg/mm? O F — & — CHEITT
LIS VIRESH S, KE»{E (1 kg/mm? Bl L
DF— 4 —) DOHEOBIIBED X 5ITRAI T OFIH
REFEALTLIIEMEL LR, REFHALPL
fsoiz.
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(R 1] FAAkNekEwRi MEMAEK

ox StEOEO = F A2 BRICEBLTIELY. 1@
Boak s TR I8 N2 S/RET — % o(x)

TEOHRATVEA L ORI ?  FBREAHORH
Jo (x).f (x) xdx

“ ¥ = — % \ N

& oa X, o4 T f(x) x2dx Tl Vo h.

(EZ]
18 1 {Ho SR> WHEAR ST ERENZ SR

F— g1 g=164+x"12+(53+4x"12)-e TREHPWXT
WwWhp, CoBREERIICE Y LE ] Bk
DEWIEA

o=a*+ (1/2)Ceo21-12+ (1/2) Ceq= 121172 ¢,

CEQV?&pb/V—B,@_ )
LD X —HLTws (FHEExo [FE5] 58)
DT, —CORWEIHBLEXTWS.

Fi, a2 #EAMEOLTO BRXTEDLEDZDIE, E
FZRT v A SR ERON DD (REXETEL~ DR
B, BERoO#HEOR) OERENOBETHY, HEK
DEEGEHEICOPVTREFERLOBABELETH S,

(3R 2) #EAMeEET FHESi

BT X DoY), BHMBELFHEERLALES, BR
NEOBEZDLDLLTFRBENES?

(EE)

ERICHRCESHERBEZ L OBEE, TOHRGHBF T
W3HiE L7z Schmid factor IZX 2 TEREIBEE L
BB LEHVOD, BED b.c.c. ZHEMETIR
T ROBBRENTEDDHOT, HBEREFEIERIG
hoEBEELTWSLELZLNRS (FX0 [FE] &
m’).

EES (AERERELSHRE, 34 (1968) 261, p. 842)
X AlOSEGRE 5% 5lk>2TC>E0@FR2B . FH
WELI'SmmUTogERcE @I EoERNELD
oo o Schmid factor & IZEBRIZWTRDIFE
SLVWHEYERZ T D, Taylor 2 Bishop-Hill 5
OEZLE—FHLTVWDILZLLEZEDTWS.

R 45A5 & Schmid factor & % ik Taylor factor
LM AL hETTFALBMEBIIRSLETCHD LEbDN
55, BIIELL LTHERERILOET L T—ICDEHM
BordbEEXLT D,
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