«

20

3 SD 30, SD 40 SD 50 2
A E ( ) [ A B
3 )
/
, 3D 50 AR I
3 . [ 2 . 24-25217
SD 30, SD 40 20 . D50
2 A 32 B 28
, 14
, 8 4 3
96 2 192
(Micro
structure) pecimen 2 3
18 I 2 36
2
3 3 9

Underwood,(1970)



» Rolfe,(1937)

41

\/@ ZAN
14
4.1 »
1
CRSI »
» » 90

(Rippstien, 1970)

E-6013



17

18

15

42

15, 16,



43



4

18 1y
JIS Z 3111 - 1970
D=12. . L = 50
P = 60 . RIS
( 19) 2
)
{—~D
f
G
:

19

JIS Z 3111-1970



{ \I'SD 30

[, SD40

SD 50

All-30

All-30
A21-30
A31-30

Ar1-30

Al11-40
\1-40
A

ft31-40

N41-40

All-BO
Azi-so

A31-BO

,M41-50

¥ A

"AlZ
*A22
1A32

tAg9

A2
TNh22
T"32

N4 2

-30
-30
-30
-30

-40
<40
-40

-40

"A1E—60

*ND 2D

-50

"A3Z-BO

"A4E-BO

'A13
0A23
* 33

tAg3

Th43

"AZ3-

"A33-

'N43

-30
-30
-30
-30

-40
-40
-40

-40

-BO

BO

B O

-50

9 —=£16-30
""" ARg-30

— AB6-30
A48-40

9 leoa
4 "28-40
¢ ,AA38—40
g ras.a0
k *A 1S —BO
: ) AU
* "A36-BO
hisoso

45



30

AZ30 A

30

A2 B ;A

D 30

D 40
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4.2

11

Quantitative stereology Underwood,(1970)

(Point counting) PR
Quantitative streolog” 17

20

20 1? (Underwood, 1970)

47



48

2. (Number of points [intersections]
generated per unit length of test line) PL ' '8§lI b
2

(a) 15°

21 (Underwood, 1970)

3.

(Number of interceptions of second-phase areas per unit length of test
line) NI (PL) 21



(.cCdC)

(PLA

(C-particle)
NI PL

(NN ={2<PIE0 + (PLO}/2

(P.L,

()
(0)  Ni=PL

2

(0)
ioC -phase)

(Underwood,1970)

49



50

4, (Number of point on
a microstructure per unit area) PA
PIA 23

23 (Underwood,1970)

(Count
the number of objects in a certain area of the microstructure) NA

6.
(Determination of the relative area of a phase or constituent
per unit area of the microstructure) Aa

(intercepted lengths are measured along randomly
applied lines across the microstructure) LI 24



24

«

25)

«

«

«

«

51

- —  gountasnu lUdatut funs iy

» (4
uaonaaagawsaﬁu

(LI') (Underwood,1970)

Underwood,1970
(intersections of a test grid)

(Point counting)Pp

« «
(Microstructure)
213

«

« 213
%,



25

(Point-Count Procedure)

) ' CGrid> , Pp

(PT) 2.
957.  <adman Woodhead

PT = Pp(l-Pp> 2(Pp> ()

52



PT

AZ(W)

Underwood

4,
)
1.
) )'
(grain boundary) 12
«
8.
9.
PT
10. Pp
b (W)
Pp = ratio & grid
RC = grid element
PT = grid
(Grid)

(7)

53
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-

q

200

26




=~ B E B

5 &

A30_1 X% = (96+100)/273 = 35.16%
e 67 = (67+100)/273 = 24.54%
A30_3 % = (55+100)/273 = 20.15%
As0_ 1 12 = (182*100)/273= 66.67%
Au0_2 12 = (132*100)/273= 48.35%
N 76 = (16*100)/273 = 27.84%
w01 175 = (175*100)/273= 64.10%
Aco- 2 175 = (175%100)/273= 64.10%
Aso 3 178 = (178*100)/273= 65.20%
8301 48 = (48+100)273 = 17.58%
3302 94 = (94+100)/273 = 34.43%
s10_3 6 = (66*100)/273 = 24.18%
seor M % = (95+100)/273 = 34.80%
3402 @ = (92*100)/273 = 33.70%
ax0.2HUL 78 = (78*100)/273 = 28.57%
12 = (132*100)/273= 48.35%
sho_2 7B = (78*100)/273 = 28.57%
5503 ) 77 = (17+100)/273 = 28.20%
] (% P earite)
3
% A30 =(35.16 + 24.54 + 20.15)/3 = 26.62 %

0 AN =(66.67 +48.35 + 27.84)I3 = 47.62 %



56

3 % AD =(64.10 +64.10 + 65.20)/3 = 64.47 %

4. % B =(17.58 +34.43 + 24.18)/3 = 25.406/0

. % B =(34.80 +33.70 + 28.57)/3 = 32.09 /0
6. ¢ ' BE =(48.35 +2857 + 28.20)/3 = 35.04 %

A B
% % %
100 1 %
Rolfe,(1937)
")

Rolfe

% =Q% [ )IB+[%  *0.025)100]

yC /0 =[(26.62/8)/15] + [(73.38*0.025)/100]
= 022183 +0.01834
= 024017 =024 %

i C AJD:[(47.62/8)/15] + [(53.38*0.025)/100]
= 0.30683 + 0.01309
=040092 =041y

/(9 /S0 =[(64.47/8)/15] + [(35.53*0.025)/ 100]
= 053725 + 0.00888
= 054613 =055 %



yC

%C Bo =[(2 40/8)/1 ]| + Q74.60%0.025)/1003

= 021166 + 001865
=02308L =023y

yC B =C(3209/8)/15] +t(67.91*0.0255/100

=0.26741 +0.01697
=028343 =029y

y C B =[(35.04/8)/15D + [(64.96*0.025)/100

Underwood

= 0.29200 + 0.01624

y. C Underwood R olfe
1 24-2527
( + 6)
0.28 %
S8 3lu A3 |/ 1-30 5B
Y Slu A4 &R0 *B-4

S8 3lu 7960 * GZE) * 1350

57

D 30



30

\ -

3

0

2551

1972

21

A%

0339 0471

Underwood

2551+(.7972/6)-.3880

Rolfe '

58



A1-30

®1-3

®2-3

N1-4

NZ-40

®Z-BO

®3-SS0

0,30%4
0.1671
0.3033

0.5639
04158
0.2974

05431
0.25/0
0.2529

"

0.2551
02150
0.2257

0.3138
0.3123
0.3084

0.3880
0.2901
0.2840

59



%
SD 30 0.2599 0.2319
SD 40 0.4257 0.3115
D 50 0.3510 0.3207

6
D30, D40, D50
}
%
Rolfe, (1937)
TS = C((93*XC)+41)/2>1.65 | 2
D3I yC = 0.2599 %

TS = ((93%0.2599>+41)/211%1.55
= 50,5072 | 2

60



61

D3 dc =0.2319 4
TS = ((93*0.2319)+41)/2 *1.55

48.4891 [ 2
D4 %C = 0.4257 |,
TS = [((93*0.4257)+41)/21+1.55

62.4573 [ 2
D4 %C =0.3115
TS = ((93*0.3115)+41)/2 *1.55

54,2263 [ 2
D5 %C = 0.3510 %
TS = [((93*0.3510)+41)/21*1.55

57.0733 =
D5  hC = 0.3207 %
TS =[((93*0.3207)+41)/2]*1.55

54.8894 [ 2

Rolfe t
$



Rolfe Underwood

(2
[
e %C
D 30 505072 43.4891
SD 40 624573 54.2263
SD 50 57.0733 54.8894
( ')
(1 2)
[ v
A B A B
SD 30 6192 5879 5244 54.53
SD 40 7185 6865 5591 57.72

D 50 80. 11 18.66 55.73 54.42



(
y.C Rolfe, 1937
Underwood,1970
SD40
Underwood, 1970 = 62.4573 | 2 Y.
= 542263 | 2 = 82310 [ 2
A B
E-6013

(Heat treatment)
C.E.(Carbon Equivalent)

CE (

CE. = y.C+(y.Mn/6)+(y.Ni/15)+C/.Mo/4)+(y.Cr/5)

63

1 8) 1
%C
ye
«
y.C
46.92
2527)
(8)



64

9
(1 . 2527)
C.E. (°C)
0.45%
0.45%-0.6% 100 - 200°C
0.60% 200 - 300°c
(Alloy Steel)
(Preheat) (Martensite
Temperature)
(
, 2521)

T =550°% - 3% - O0h - B - 0%Cr - LN
-1 - 1D - Ph - D + A e (9)

SD50



A

Fe 462
C 0.3880
Si 0.3379
H 1.246
P 0.0203
0.0413
Ni 0.0977
Cr 0.2333
Ho 0.0126
Ti 0.0037
Vv 0.0523
Al 0.0035
0.0000
Qo 0.0219
o 0.0097
Pb 0.0389
0.0333
As 0.0217
B 0.0000
Zr 0.0061
C.E. 8

CE. = 0.3880+<1.246/6)+(0.0977/15)
+(0.0126/4)+(0.2333/5)
=0.65199



66

c.E.
200-300 °c

T = 550°C-(350* 3880)-(40*1.246)- (35* 0523)
-(20*.2333)-(17*.0977)-(10+.2532)-(10*.0126)
-( *.0000)-(16*.0219)+(30* 0035)
= 353.3211 - 353 °C

(200
300°) = 353 C

20

12,5



D 30

D 40

D 50

49

51

63

= IC(3.14/45*12. *12.51
= 49%(3.14/4)*12.5%12.5
= 6010.16

IC(3.14/4)+12.5*12 51
57*(3.14/4)%12.5%12.5
699141

I[(3.14/4)%12 5%12 51
63*(3.1414)*12.5+12.5
7721.34

SD30 SD40°  SDs0 10

67



SD30

SD30

SD40

SD40

SD50

10 (12

SD30 D40 SD50

5244 5453 5591 5772 5573 54.42

1

(A) =52 44%0,14/4)*12.5+12.5
=6,432.09

(B) =54 53%(3.14/4)¥12 512 5
=6,688.44

(A) =55.91%0, 14/4)*12.5%12 5
=6,857.71

(B) =57.72%0. 14/4)*12.5%12.5
=7,079.72

(A) =55.73%0.14/4)+12.5¥12.5

=6.835.63



69

50 (B) =54.42*(3.1414)+12.5+12.
=6,674.95
11 ( )
580 S K
A B A B A B

6,010 6,432 6,660 6,991 6,85/ 7,019 7,418 6.835 6.675

1
SD30 SD40 SD50
1 SD50
[ + 163 = 0.60'.
(Pearl ite) (Ferrite)
2. E - 6013
4692 | 2
3. D50

( 13A -13E)



D J

D 40

D 0

24-252T

6,010.16

6,991.41

1,418.25

6,452.58

6,657.71

6,835.63

6,688.45

1,079.72

6,674.95

10
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