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1   

 

1.1 ─  

 

 ─ ⌐ ╩ ⇔√ ⌐ ⇔√⅝ ⅜ ⇔≡™⌂™↓

≤⅜ ↕╣√ ↓╣│ ─ ⌐ ∆╢ ⅜ ≢№╢↓≤╩ ⇔≡⅔╡

↓─╟℮⌂ │ ─ ─ ⅛╠╙ ≤⌂∫≡™╢  

─ ⌐│ ─ ≢ ╘╠╣√ ╩

⌐⅛↑╢↓≤≢ ╩ ∆╢ (Allowable Stress Design Method; ASD) ⅜

™╠╣≡™╢ ⌐│ ─┌╠≈⅝╛ ─ ╙╡─ ⅛

↕╩ ↕╣≡™╢⅜ ∕─ │ ⌐↕╣≡™⌂™ ⅜ ↄ ╒≤╪≥│ ╕

√│ ⌂ ⅜ ╕╣≡™╢ ASD ⌐╟╢ │ ≢│№╢⅜ ─♪כ⸗

⅜ ≢№╢ ╛ ─ ⅜ ≢№╢ ≤™∫√ ╙№╢  

ASD ⌐ ⇔≡ ╛ ─ ( ╛ ⌂≥)⅛╠ ─

╩ ℮ ≤⇔≡ (Probabilistic Safety Analysis; PSA) ⅜№╢ ה

(Load and Resistance Factor Design; LRFD) │ PSA ─ ≢

─ ─ ∆╢√╘─ ╩ ∆╢ ≢№╡ ≢

⌂ ≢№╢[1] 1.1⌐ ASD [2]⅔╟┘ PSA[3]─ ╩ ∆  

Harvey ⌐╟╢≤ 1.1 ⌐ ⇔√ ASME ⌐⅔™≡ ⌐ ∆╢ⱴכ☺fi≤

⇔≡│ ⅝≈╠┌─♃כ♦₈ 2.0₉₈ 2.5₉ ⅔╟┘₈ → ∕─

4.0₉╩ ⇔≡™╢[4]  

 

 

1.1 ASD ⅔╟┘ PSA─ ( [5]╟╡ ) 



5 

 

 

 ─ ─ [5]⌐╟╡ ╦╣√ ≢│ →⅜ ⌂╢

─♬♇◔ꜟ Inconel7 18⌐≈™≡ ◘▬◒ꜟ ╩ ™ →⅜ ◘

▬◒ꜟ ⌐ ⅎ╢ ╩ ⌐ ∆╢ ╩ ⇔ ∕─ ╩ ⇔√  

⇔⅛⇔ ≢│ ─⅝ ─ ─ │ ╦╣⌂⅛∫√ ╩╟

╡ ⌐ ∆╢√╘⌐│ ⅝ ─ ⅔╟┘ ⱷ◌♬☼ⱶ╩ ∆╢↓≤⅜ ╕╣

╢  

 

⌐ ─⅝ ─ │ ∆═╡ ─ ⌐ ∂╢ ╖╛ ⇔⌐ ⇔

∆═╡ ⌐ ∫≡ ∂╢≤ ⅎ╠╣≡™╢[6] ↓─∆═╡ ─ │ ⌐⅔™≡

↔≤⌐ ⌂╢ ∕↓≢ ╩ ⇔ ╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi ≈

╕╡ ⌐╟∫≡ └∏╖ ⅛╠ ╩ ∆╢↓≤⅜ ≢

№╢≤ ⅎ╠╣╢  

 

 ╩ ∫√ ╩ ∆╢ A. Le Pécheur ╠[7]│ └∏╖╛

─ ⌂╢ ⌐ ⇔ ≤ ╩ ™ ⅛╠

╩ ⇔ ≤ ⇔√ ∕╣⌐╟╡ ⌐╟╢

─ ╩ ⇔√ ⇔⅛⇔ ⌐╟╢ ⌐ ∆╢ ⌐ ∆

╢ │╕∞ ╦╣≡™⌂™  

 

1.2 ─  

 

─ │ ⌐╟╡ ⅜ ─ ⌐ ╓∆

╩ ∆╢↓≤≢№╢ ⌐│ └∏╖ ─ ⅛╠ ─ ⅝↕⌐

╟╢ ─ ⌐ ∆╢  

 

1.3 ─  

 

1   

 ─ ⅔╟┘ ╩ ⇔√  

 

2   

 ─ ╩ ⌐ ∆╢  

 

3   

 ⸗♦ꜟ─ ╩ ∆╢  
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4 ≥♃כ♦   

 ™√ ≤ ╩ ∆╢  

 

5  ≤  

 ╩ ∆ ╕√ ⅛╠ ⅜ ⌐ ⅎ╢ ╩ ∆╢  

 

6   

 ─ ⅔╟┘ ─ ╩ ═╢  
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2   

 

 ≢│ ⌐⅔™≡ ≤⌂╢₈∆═╡₉─ ≤ ⌂▪ꜟ

◗ꜞ☼ⱶ─ ╩ ∆[8] ⌂⅔ ≢ ∆╢ ≤ ─ │ 2.1─≤⅔╡≢№

╢  

 

2.1 ≤ ─  

F   

eF   

pF   

I  2 ─ ♥fi♁ꜟ 

r 
⌐⅔↑╢  

eR  ♥fi♁ꜟ 

systn  syst2 n³ ⅜∆═╡ ─ ⌐⌂╢  

:  2 ─♥fi♁ꜟ─  

Ã ♥fi♁ꜟ  

:= ╡ ≡ ─ ─ ╩ ⌐ ╡ ≡╢ ≢ ™╢  

 

2.1 ─ ≤∆═╡─  

 

 ─ │ ⌐ ⌐ ↕╣╢ ⌐ ∫√ ─ Ⱪ꜡♇◒⅜∆═

╢↓≤─ ≤⇔≡ ╣╢ ⌐ ⌂∆═╡│ ╙ ⅜ ™ ≢

⌐ ↓╢ ↓╣╠─∆═╡╩ ∏╢ ╩∆═╡ ≤╟┬ ∆═╡ ≢ ⅜ ╙ ⌐

╪≢™╢™ↄ≈⅛─ ─℮∟─└≤≈⅜ ⌐∆═╢ ≢№╡ ↓─ ─↓≤╩∆

═╡ ╩╟╪≢™╢ ∕⇔≡ ↓─∆═╡ ≤∆═╡ ─ ╖ ╦∑╩∆═╡ ≤

∆╢  

 

 ─ ⌐≈™≡─ ⸗♦ꜟ│ №╢∆═╡ ⌐⅔™≡ ∆═╡ ⌐

∆╢ ⱬ◒♩ꜟ─∆═╡ ─ ⅜ ⌐ ⇔√≤⅝⌐ ∆═╡⅜ ∂╢≤

™℮ ─ꜟכ◔☻ ⌂ⱷ◌♬☼ⱶ⌐ ≠™≡™╢ ≢│ ─

╖≢↓─ ─ ╩ ℮↓≤⌐∆╢  

 ™╕ m≤ s╩ ∕╣∙╣ ⇔≡™╢∆═╡ ─ ⱬ◒♩ꜟ ∆═╡ ─
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ⱬ◒♩ꜟ≤∆╢≤ ∆╢∆═╡ │↓╣╠─ { },s m ≢ ∆╢↓≤⅜≢⅝╢ ↓

─≤⅝ ♥fi♁ꜟs╩ ™╢≤ ™╦╝╢ ∑╪ │ ≢ ↕╣╢  

( ) ( ):m s s mt s s¹ Ö = Ã          (2.1) 

 ↓─ ∑╪ t│ ∆═╡ ≢ s ⌐ ∆╢∑╪ ≢№╢ ⇔√⅜∫≡

↓─t─ ⅜ ⌐ ∆╢≤ ∆═╡ ≢{ },s m ∆═╡╩ ∂╢↓≤⌐⌂╢ ↓─

│ ∑╪ ≤╟┌╣ ⌐∆═╡─ ╛ ⌐ ∆╢≤ ⅎ╠╣

╢ ∑╪ ─∆═╡ ⌐ ∆╢ │ ⌐ ⌂ ⌐⅔↑

╢₈ ₉≤ ─ ≢№╢  
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2.2 ─▪ꜟ◗ꜞ☼ⱶ 

 

 ─▪ꜟ◗ꜞ☼ⱶ─ │ ♥fi♁ꜟ
pF ╩ ∆═╡ ≤

↑ ⇔≡™ↄ ⌐№╢ ∕─ ⌂ ╩ ⌐ ∆  

  

 ╕∏ ♥fi♁ꜟ F │ 

e pF F F=            (2.2) 

─╟℮⌐ ה ⌐ ≢⅝╢  

 ™╕ 2.1─╟℮⌂∆═╡ { },s m ╩ ╗ ╩ ⅎ╢ ↓↓≢ ,m s│∕╣∙╣

⇔≡™╢∆═╡ ─ ⱬ◒♩ꜟ ∆═╡ ─ ⱬ◒♩ꜟ╩ ⇔≡™╢ ↓

─≤⅝ ↓─∆═╡ { },s m ⌐ ∫≡ ∂╢ ∆═╡─ ⅝↕g⅜  

pF I s mg= + Ã           (2.3) 

⌐ ∆╢  

 

 

2.1 ─ ( [8]╟╡ ) 

 

⌐ ╩⸗♦ꜟ ∆╢√╘⌐ ╩ ∆╢ ─ ◄Ⱡꜟ◑

─כ  

( )e eFy             (2.4) 

╩ ™╢≤ Kirchhoff ♥fi♁ꜟ╩ ∆╢√╘─ ⌂ │ ≢ ⅎ

╠╣╢  
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( )
e

e eT

e
F F

F

y
t t r

µ
= =

µ
          (2.5) 

№╢∆═╡ ⌐⅔™≡ ∑╪ ⅜ ⌐ ⇔√≤⅝⌐ ╡ ∕─∆═╡ ≢─

∆═╡╩ ∂╢ ™╕ ∆═╡ { },s ma a╩∆═╡ a≤ ∆╢ ↓↓≢ ∆═╡

a⌐│√╠ↄ ∑╪ at╩ ≢ ∆╢  

( ):eT eR R s ma a at t¹ Ã           (2.6) 

 ⌐ ∆═╡─ ╩ ∆╢√╘⌐ ⌐ ∆ ╩ ∆╢   

()y

a at t gF = -            (2.7) 

↓↓≢ ()yt g│ ∑╪ ╩ ∆
aF ⅜ ─ ∆═╡ a│ ╩

↓∆  

 

™╕ №╢( ) [ ]1,n nt t + ╩ ⅎ ∆═╡ ─ ╩ A≤∆╢ ╕√

─ ╩ 

[ ]
nxF I uD¹ +Ð D          (2.8) 

≤ ⇔ ⌂ ╩ 

trial

1

e e

n nF F F+ D=            (2.9) 

≤ ∆ ↓─≤⅝ ∆═╡ a─∆═╡ ─ ( )
agD ⌐ ∆╢

│ ─╟℮⌐⌂╢   

( ) ( )( ) ( )( ) ( )1 1 0e

n y nF A
a ag t g t g g a+ +F D ¹ D - D = " Í     (2.10) 

↓↓≢ ─╟℮⌐ ⇔≡™╢  

{ }| Aag g aD ¹ D Í         (2.11) 

 ↓─ ─ ⌐│ ⌂ Newton -Raphson ⅜ ≢⅝╢ ™╕ k

─ Newton -Raphson ─ ⌐⅔™≡ ╩ 

() ( )1:
k k

a a ag g dg
-

D =D +         (2.12) 

≤ ∆╢↓≤⌐∆╢ ↓─ ─
adg│ (2.10)─  

J
A

aab b

b

dg
Í

=-Fä          (2.13) 
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─ ≢№╢ ↓─ ⌐ ╕╣╢ꜘ◖ⱦ J─ │ 

J :
e

e

d d dF
H

d dF d

a a
ab

b

f t

b g
¹ = -
D D

        (2.14) 

≤ ↕╣≡™╢ ↓─ ─ ─♥fi♁ꜟ
e

d

dF

at
│ ∆╢ ⸗♦ꜟ⌐ ⇔

edF

d bgD
│ 

trialE
e

e

im mjkl
kl

ij

dF
F s m

d

b b

bg

è ø
è ø=- Ãé ù ê úDê ú

       (2.15) 

≤ ↕╣╢ ↓↓≢ Emjkl│( ⌐ ⌂)♥fi♁ꜟ 

A

s ma a a

a

g
Í

- D Ãä          (2.16) 

⌐⅔↑╢ ♥fi♁ꜟ─ ─ ─ ≢№╢ ╕√ H│ 

yd
H

d

t

g
¹           (2.17) 

≤ ↕╣╢ Taylor ≢№╢  

 

 ⌂ ⌐⅔↑╢ ⌐ ℮≤
pF ─ │ 

syst2

1

n

p a pF s m Fa a

a

g
=

è ø
= Ãé ù
ê ú
ä         (2.18) 

─╟℮⌐ ↄ↓≤⅜≢⅝╢ ↓↓≢ syst1, , 2na= ⌐ ⇔≡
ag│  

0, 0, 0a a a ag gF ¢ ² F =       (2.19) 

╩ ∆╢  

 ╕√ ∆═╡( └∏╖)g─ │ ≢ ⅎ╠╣╢  

syst2

1

n

a

a

g g
=

=ä           (2.20) 

↓╣╠─ ╟╡
pF ≤g─ ╩ ∆╢  

  



12 

 

3   

 

 ≢│ EBSD [9]⌐╟╢ ─ ╛ ─♃כ♦√╣╠ ╩ ⇔ ↕╠

⌐ ─√╘─ 2 ⸗♦ꜟ─ ╩ ═╢  

 

3.1 EBSD ⌐╟╢ ─♃כ♦  

 

3.1.1 EBSD ─  

 

 EBSD Electron Backscatter Diffraction : ≤│

─ Ɽ♃כfi╟╡ ╩ ∆╢ ≢№╢ EBSD ─ ─ │ 3.1─╟

℮⌐⌂∫≡™╢ SEM ⌐ 70° ↑≡ ↕╣√ ⌐ ╩ ∆╢≤

⌐╟╡ Ɽ♃כfi≤ ┌╣╢ Ɽ♃כfi⅜ ╠╣╢ Ɽ

)fiכ♃ 3.1 )⌐ ╣╢Ᵽfi♪│ ╩ ⇔≡⅔╡ ∕─ ╩ ∆╢↓≤

≢ ─ ╩ ∆╢   

 

 

3.1 EBSD http://www.weblio.jp/content/EBSD ╟╡  

 

 ≢№╣┌ │╒╓ ≢№╡ ╡ ℮Ⱨ◒☿ꜟ ─ ─

⅜ ⅝™ ╩ ≤ ∆╢ ⌂⅔ Ɽ♃כfi│ ⌐ ⇔ ⌐ ≢

№╡ 1° ≢ ─ ⅜ ≢№╢  

 

http://www.weblio.jp/content/EBSD
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3.1.2 ─ ─♃כ♦  

 

3.2 ⌐ EBSD ─ ╩ ∆ ™ │ ╩ ∆ │

⌐╟╡ ⅛╠ ╡ ⇔√ ™√ ─ │ 4 ⌐ ∆  

 

3.2 ─ ─  

 

⌐ ╡ ⇔√ ╩ Ⱳfiכ◌) ⱨ▼ⱡכꜟ )⌐

╘ ╪∞ ╘ ╖⌐│ CitoPress-1 (Struers ) ( 3.3)╩ ™√  

 

 

3.3  

 

∕─ ╘⇔√ ⌐ ⇔ TegraForce-5⅔╟┘ TegraPol -21(Struers

) ( 3.4)╩ ™≡ ⅔╟┘ ╩ ⇔ ╩⅝╣™⌐ →√ ⅔╟┘ ─

╩ 3.5⌐ ∆  



14 

 

 

 

3.4  

 

 

3.5 ─ ה ╩ ∫√  

 

─ │ ╩ ⇔√ SEM(◄ꜞ○♬◒☻ ERA-8800FE

↕ )⌐ ↕╣√ EBSD (TSL  EBSD system ( 3.6)⌐╟╡ ∫

√ ─♃כ♦ ⌐│ TSL ─ OIM D ata Collection ╩ ⇔√  
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3.6 SEM ⅔╟┘ EBSD  

 

3.2 EBSD♦כ♃─  

 

♃כ♦  ⌐│ TSL ─ OIM  Analysis ╩ ™√ ↓╣╩ ™≡ EBSD כꜞ◒─♃כ♦

♬fi◓╩ ∫√ ⌐│ ╕∏ ⌐ ↕⌂ │♃כ♦─ ∆╢ ─♦

⌐♃כ ⅝ ⅎ√ ↕╠⌐ ≢│ ⅜ ≢№╢≤⇔√ ─

╩ ℮≤ 3.7─╟℮⌂ 2 ⅜ ╠╣╢  
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◓fi♬כꜞ◒ 3.7 ─ EBSD  ♃כ♦

 

 ╕√ ◓fi♬כꜞ◒ ╠⅛♃כ♦─ 3.8─╟℮⌂Ⱨ◒☿ꜟ↔≤─♦כ♃⅜ ↕╣╢  

 

 

◓fi♬כꜞ◒ 3.8 ─  ♃כ♦

 

3.8⌐⅔™≡ phi1 PHI phi2 │ꜝ☺▪fi≢ ⇔√ ╩ x y│ ─

╩ ⇔≡™╢ IQ │▬ⱷכ☺◒○ꜞ♥▫≢ ™╒℮⅜╟™ EBSD Ɽ♃כfi⅜ ╠╣√

≤™℮↓≤╩ ∆ CI │ ≢ ─ ⅜ ≢№╢⅛≥℮⅛╩ ∆ ≢№╡

0.2~0.3 №╣┌ ⌂™≤↕╣╢ Fit │ ╣╢═⅝Ᵽfi♪≤ ⌐ ↕╣√

Ᵽfi♪─∏╣ ─ ╩ ⇔≡⅔╡ ↓─ ⅜ ↕↑╣┌∕─╕╕ ↑─ ⅜

™≤™℮↓≤⌐╙≈⌂⅜╢ Grain ID │ ─ ╩ ⇔ edge│ ─ ⌐ ╣
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≡™╢Ⱨ◒☿ꜟ≢ 1≤⌂╡ ∕╣ ≢ 0≤⌂╢ phase name│ ─ ╩ ⇔≡™≡

≢│∆═≡♬♇◔ꜟ≤⌂∫≡™╢  

 

3.3 2 ⸗♦ꜟ─  

 

3.3.1 fcc ─  

 

 ≢ ™√ │∆═≡ fcc face-centered cubic  : ≢№╢ fcc

│ 4 ≈─∆═╡ ╩ ∟ ∕╣∙╣─∆═╡ ⌐ 3 ≈─∆═╡ ╩ ≈─≢ 12

─∆═╡ ╩ ≈ ≈─∆═╡ ≤∕─∆═╡ ╩ 3.9⌐ ∆ ⌐⌠╡≈┬↕

╣≡™╢ ⅜∆═╡ ≢ ⅜∆═╡ ≢№╢  

 

 

3.9 fcc─∆═╡ ≤∆═╡  

 

3.3.2 ∑╪ ≤◦ꜙⱵ♇♩  

 

 ∆═╡ ⌐ ∆╢∆═╡ ─∑╪ ╩ ∕─∆═╡ ─ ∑╪ ≤™

℮ 3.10─╟℮⌐ ⌐ ╩ ⅎ╢ s≤ ∑╪

Rt─ ⌐│ ─ ⅜ ╡ ≈  

cos cosRt s f l=  

 ↓↓≢ f│∆═╡ ─ ≤ ≤─ ─ l│∆═╡ ≤ ≤─

─ ╩ ∆  
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3.10 ╩ ↑╢  

 

╘≡∆═╡⅜ ∂╢≤⅝─ ∑╪ ╩ ∑╪ ≤™℮ ╕√

cos cosf l─ │◦ꜙⱵ♇♩ ≤ ┌╣╢ ∆═╡ ⅜ ∆╢ ◦ꜙⱵ♇♩

⅜ ─∆═╡ ⅜ ∆═╡ ≤⌂╡ ⌐ ╩ ∆╢  

 

3.3.3 2 ⸗♦ꜟ─ ─∆═╡ ─  

 

 ≢│ 2 ⸗♦ꜟ≢ ╩ ℮√╘ fcc ─∆═╡ ⱬ◒♩ꜟ╩

⌐ ≤⇔ ╗ ⅜№╢ ╕√ fcc ⌐│ 12 ─∆═╡ ⅜ ∆╢⅜ ╩

ⅎ√ ⌐ ⌐ ∆╢─│◦ꜙⱵ♇♩ ⅜ ⅝™∆═╡ ─╖≢№╢ ≢│

EBSD ⌐╟╡ √ ╠⅛♃כ♦ ◦ꜙⱵ♇♩ ─ ⅝™ 2 ≈─∆═╡ ╩ 2

⸗♦ꜟ⌐ ╖ ╪∞ 2≈─∆═╡ ╩ ∆╢ ⌂ ╩ ⌐ ∆  

 ╕∏ fcc ─∆═╡ ─ ⱬ◒♩ꜟ≤∆═╡ ⱬ◒♩ꜟ│ 3.1─╟℮⌐⌂╢

↓↓≢ ⱬ◒♩ꜟ│ ↕╣≡™╢  
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3.1 fcc─∆═╡ ─ ⱬ◒♩ꜟ≤∆═╡ ⱬ◒♩ꜟ 

∆═╡ ─ ⱬ◒♩ꜟ ∆═╡ ⱬ◒♩ꜟ 

1 1 1
, ,

3 3 3

å õ
æ ö
æ ö
ç ÷

 

1 1
, , 0

2 2

å õ
-æ ö

æ ö
ç ÷

 

1 1
0, ,

2 2

å õ
-æ ö

æ ö
ç ÷

 

1 1
, 0,

2 2

å õ
-æ ö

æ ö
ç ÷

 

1 1 1
, ,

3 3 3

å õ
-æ ö
æ ö
ç ÷

 

1 1
, , 0

2 2

å õ
æ ö
æ ö
ç ÷

 

1 1
0, ,

2 2

å õ
-æ ö

æ ö
ç ÷

 

1 1
, 0,

2 2

å õ
æ ö
æ ö
ç ÷

 

1 1 1
, ,

3 3 3

å õ
-æ ö

æ ö
ç ÷

 

1 1
, , 0

2 2

å õ
æ ö
æ ö
ç ÷

 

1 1
0, ,

2 2

å õ
æ ö
æ ö
ç ÷

 

1 1
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OIM Analysis ⌐╟∫≡ ↕╣╢ ♃כ♦ phi1 PHI phi2 │ EBSD ⌐ ↕

╣√ ╩ ─ ⌐ כꜝ▬○─╘√╢∑╦ ≢№╢⅜ ∕╣∙╣

─ z ╡⌐ phi1 ∕─ ─ x ╡⌐ PHI ∕─ ─ z ╡⌐ phi2

∆╢≤™℮ ≢№╢ ╟∫≡ 3.1─ⱬ◒♩ꜟ╩ z ╡⌐ phi1 ∕─ ─ x

╡⌐ PHI ∕─ ─ z ╡⌐ phi2 ∆╢↓≤≢ ↔≤─∆═╡ ─

ⱬ◒♩ꜟ≤∆═╡ ⱬ◒♩ꜟ⅜ ╕╢ ∕─ ∕╣∙╣─∆═╡ ─◦ꜙⱵ♇♩

╩ ╘╢ ↓─≤⅝ │ y ≤⇔√ 12 ─◦ꜙⱵ♇♩ ⅜ ╕∫√╠

∕─ ⅛╠ ─ ⅝™ 2≈╩ ⇔ ∕─ 2≈─∆═╡ ⱬ◒♩ꜟ╩ xy ⌐
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⇔√ⱬ◒♩ꜟ─ ⅝╩ ⌐⅔™≡∕─ ⌐ ⅎ╢∆═╡ ≤⇔√ ⸗♦ꜟ

─ ╩ 3.11⌐ ∆ 3.11⌐⅔™≡ ⌐ ⅎ√∆═╡ ╩ ™ ≢ ⇔≡

™╢  

 

 

3.11 ⸗♦ꜟ─  

 

 ─ ⌐╟╡ 3.8⌐ ∆♥◐☻♩ⱨ□▬ꜟ⅛╠ ⌐ ∆╢ⱨ□

▬ꜟ╩ ⅝ ∆ⱪ꜡◓ꜝⱶ╩ ⇔√  
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4 ≥♃כ♦   

 

 ≢│ ≢ ™√ ╩♃כ♦─ ⇔ ─ ╕≢─ ╣╩ ═╢  

 

 ♃כ♦─ 4.1

 

ה  ⇔√ │ 2 №╢ 1≈ │ Inconel713C ≤™℮♬♇◔ꜟ ≢№

╢ ─ ≤ ≤ ≤ └∏╖ ╩∕╣∙╣ 4.1 4.1

4.2 4.2⌐ ∆  

 

 

4.1 Inconel713C ─  

 

4.1 Inconel713C ─ %  

 

 

4.2 Inconel713C ─  

0.2%  ↕ ┘ 

740 MPa 850 MPa 8 % 

 

8
.0

M16 P1

R
3
5

35.035.0 15.0

1
4

.0

16.0 16.0

C Cr Mo Nb Al Ti Zr B Ni

0.12 12.5 4.2 2.0 6.1 0.8 0.1 0.012 Bal
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4.2 Inconel713C ─ ΅ └∏╖ ( ╟╡ ) 

 

↓─ Inconel713C ⌐ ⇔ ≢ ╡ ⇔ ╩ ⅎ╢ ◘▬◒ꜟ

⅜ ╦╣√ 1Hz ╡≢ ╦╣√ ∕─ │ 4.3 ─╟℮⌐

⌂∫√   

 

(MPa) ╡ ⇔  

650 83038 

750 42683 

810 19060 

830 2372 

4.3 Inconel713C ─  

 

 

 ™√ ─ 2≈ │ ─ ⅜ EBSD ╩♃כ♦ ⇔√ Inconel718

≤™℮♬♇◔ꜟ ≢№╢ ─ ≤ ≤ ≤ └∏╖

╩∕╣∙╣ 4.4 4.4 4.5 4.5⌐ ∆  

 

4.4 Inconel718 ─  
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4.4 Inconel718 ─ ( %) 

 

 

4.5 Inconel718 ─  

0.2%  ↕ ┘ 

1117 MPa 1393MPa 29.4% 

 

 

4.5  Inconel718 ─ ΅ └∏╖  

 

↓─ Inconel718 ⌐ ⇔ ⌐≡ ◘▬◒ꜟ ⅜ ╦╣√

│ JIS Z2279 ⌐ ∫√╙─≢№∫√ └∏╖ ≢ ↕╣√

└∏╖ 0.4%/s │ ╡≢ │ ╦╣√ ∕─ │ 4.6 ─╟

℮⌐⌂∫√  

 

└∏╖ (%) ╡ ⇔  

0.8 57803 

0.8 60812 

1.4 4343 

1.4 4951 

4.6 Inconel718 ─  
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4.2 ⸗♦ꜟ─  

 

 Inconel713C │ ─ ⌐≈™≡ ⅜ ╦╠⌂⅛∫√⌡∂ ╩ ╡ ╡ EBSD

╩♃כ♦ ⇔√ ∕─ ╩ 4.6⌐ ∆  

 

 

4.6 Inconel713C ─  

 

Inconel718 │ ⅜ ⇔√ EBSD ╩♃כ♦ ™√ ∕─ ╩ 4.7⌐

∆ ∟⌂╖⌐ EBSD ╩ ∫√ │ ⌐ ™√╙─≤│ ─ ≢№╢  

 

4.7 Inconel718 ─  

 

↓╣╠─ EBSD ╠⅛♃כ♦ 3 ─ ╩ ™≡ ⸗♦ꜟ╩ ⇔√  
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4.3 ─  

 

 ≢ ⇔√ ⱪ꜡◓ꜝⱶ│ [8]≢ ↕╣≡™╢ HYPLAS2.0 ≤™℮ⱪ꜡

◓ꜝⱶ≢№╢ HYPLAS2.0 ⌐⅔↑╢ ≢│ ≤⇔≡

≤ ─ ≤ ∑╪ ─ ⅜ ≢№╡ ↓╣╠─ ⌂

╩ ∆╢ ⅜№╢ ⌐ ∑╪ ⌐≈™≡│ ─ ⌂

∑╪ ⅜ ≤↕╣╢ ≢ ⅜ ≢№╢ ⌐ ╠╣╢ └∏╖ │

─ ≤⇔≡─ ⌂ ≢№╢ ⇔√⅜∫≡ ⌂ ΅ └∏

╖ ╩ ∆╢╟℮ ⌂ ∑╪ ╩ ╘╢ ⅜№╡ ─ ╩

™≡ ╦∑ ╖╩ ∫√  

 ╕∏ ≤ ╩ ⌂ ⌐ ⇔ 1≈─ ⸗♦ꜟ⌐ ⇔≡ ╩

℮ ↓─≤⅝ ─ │ 4.5⌐ ↕╣≡™╢ ⅛╠ ↕╣╢

≢─ ⅛╠ ╩ ╘ ΅ └∏╖ ╩ ⇔

─ ⅝╩ ╦∑ ╗  

 ⌐ ∑╪ ╩ ≤ ⇔ ─ ╩ ™ ╩ ╦∑ ╗  

 ⌐ ∑╪ ⅜ └∏╖─ 1 ≢№╢≤ ⇔ ─

╩ ™ ╩ ╦∑ ╗  

⌐╟╡ ╩ ⇔√ ∕─ ╩ 4.8 4.9⌐ ∆  

 

 

4.8 Inconel 713C─ ╦∑ ╖ 
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4.9 Inconel718 ─ ╦∑ ╖ 

 

4.8 ≢│ ⅜ 48.46GPa ⅜ 105GPa ∑╪ ⅜

0.34+2ɾ≤⌂∫≡™╢ ╕√ 4.9≢│ ⅜ 55.38GPa ⅜ 120GPa

∑╪ ⅜ 0.45+11ɾ≤⌂∫≡™╢ ↓↓≢ ɾ│ └∏╖╩ ∆ ─

≢│ ≤⇔≡↓╣╠─ ╩ ™╢  

 

4.4  

 

 HYPLAS2.0 ⌐⅔↑╢ │ 2 ─ └∏╖ ╩ ⇔

⌐ 2 ≈─∆═╡ ╩ √∑╢↓≤⅜≢⅝╢ ╕√ │ ≤⇔≡

ⅎ╢ ⸗♦ꜟ─ ≤ ╩∕╣∙╣ 4.10 4.7⌐ ∆  
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4.10 ⸗♦ꜟ─  

 

4.7  

⸗♦ꜟ 4 F-bar └∏╖  

 ─ ╩ x  

≢ y  

 ─ 1 ⌐ y  

 Inconel713C  

 ꜘfi◓ 126GPa 

 ⱳ▪♁fi 0.3 

48.46GPa 

105GPa 

∑╪ 0.34+2ɾGPa 

 

Inconel718  

 ꜘfi◓ 144GPa 

ⱳ▪♁fi 0.3 

55.38GPa 

120GPa 

∑╪ 0.45+11ɾGPa 

 [GPa] [kN] [mm]  

∆═╡  ↔≤⌐ 2 ╩  
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5  ≤  

 

5.1 ⸗♦ꜟ 

 

 Inconel713C │ ⅜ 3~5mm ≤ ⅝ↄ ⌐ ╕╣╢ ⅜ ⌂™

√╘ 2≈─⸗♦ꜟ╩ ⇔√ ∕─ ⸗♦ꜟ╩ 5.1⌐ ∆ ─ ™ │

⌐ ⅎ√∆═╡ ╩ ⇔≡™╢  

 

  

⸗♦ꜟ 1 ⸗♦ꜟ 2 

5.1 Inconel713C ─ ⸗♦ꜟ 

 

 Inconel718 │ ⅜ 0.01mm~0.02mm ≤ ↕ↄ ⌐ ╕╣╢

⅜ ™√╘ ⸗♦ꜟ│ 1≈≢ ≢№╢≤ ⇔√ ∕─ ⸗♦ꜟ╩ 5.2⌐ ∆

─ ™ │ ⌐ ⅎ√∆═╡ ╩ ⇔≡™╢  
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5.2 Inconel718 ─ ⸗♦ꜟ 

 

5.2  

 

 Inconel713C ─ 2≈─⸗♦ꜟ⌐│ 3%─ └∏╖╩ 100 ─☻♥♇ⱪ⌐ ↑≡

ⅎ√ Inconel718 ─⸗♦ꜟ⌐│ 1.4%─ └∏╖╩ 200 ─☻♥♇ⱪ⌐ ↑≡ ⅎ

√ ↓─≤⅝ 1.4%─└∏╖╩ ⅎ√≤⅝─ └∏╖ │ 5.3─╟℮⌐⌂∫√

↓↓≢ └∏╖≤│ ∆═≡─∆═╡ ⌐⅔↑╢∆═╡ ─ ╩ ∆  

 

   

Inconel713C  Inconel718  

5.3 └∏╖ 1.4%≢─ └∏╖  
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 5.3 ╩ ∆╢≤ Inconel718 ─╒℮⅜ └∏╖⅜ ↕™↓≤⅜╦⅛╢ ≈╕

╡ ∂└∏╖╩ ⅎ√ Inconel718 ─╒℮⅜ ⅜ ⌂™≤ ⅎ╠╣╢  

 

5.3 ≤─  

 

 ⌐ ╦╣√ ─ ╩ 5.4⌐ ∆ 5.4⌐⅔™≡ ╩ ╡≢─

└∏╖ ╩ ╕≢─ ╡ ⇔ ≤⇔≡™╢ ↓↓≢ Inconel713C │ ╡

╡ ⇔ ≢─ ⅜ ╦╣√√╘ ◓♇♪ⱴfi ╩ ™≡ ╡ ╡ ⇔└

∏╖┼─ ╩ ∫√ ∕─ ⌂ ╩ ⌐ ∆  

 ╕∏ ◓♇♪ⱴfi │ ≢ ↕╣╢  

1 m
a w

B

s
s s

s

å õ
= -æ ö
ç ÷

          (5.1) 

 (5.1)⌐⅔™≡ as ws ╡ ms Bs

↕╩ ∆ 4.3─ ⅛╠ (5.1)╩ ™≡ ws ╩ ╘ ꜘfi◓ ≢ ╢≤ ╡└∏

╖ ⅜ ╕╢  
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5.4  

 

 5.4╩ ∆╢≤ Inconel718 ─╒℮⅜ ⌐ⱪ꜡♇♩↕╣≡™╢ ≈╕╡ Inconel718

─╒℮⅜ ⅜ ™↓≤╩ ⇔≡™╢ ↓╣│ ( 5.3)≤ ⅜≤╣≡™╢  

 

5.4  

 

 ( 5.3)≢│ Inconel718 ─╒℮⅜ └∏╖⅜ ↕ↄ ⅜ ⌂™↓≤

⅜ ↕╣√ ↓↓≢ ⌐╟∫≡ ╠╣√ 2 ≈─ ─ ΅└∏╖ ╩

∆╢( 5.5)  
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5.5 ΅└∏╖  

 

5.5 ╩ ∆╢≤ Inconel718 ─╒℮⅜ ™ ≢№╢↓≤⅜╦⅛╢ ≢ ⅎ╢

│↓─ └∏╖ ╟╡ ⇔√─≢ ⌐⅔™≡ Inconel718 ─╒℮⅜ ™

╩ ⅎ≡⅔╡ ⅜ ⌂ↄ⌂∫√─│ ≢№╢≤™ⅎ╢ ╟∫≡

≢─ ─ ⅜ ≤ ( ΅└∏╖ )─≥∟╠⌐ ∆╢─⅛╩ ∆

╢↓≤⅜≢⅝⌂™ ∕↓≢ ─ ╩ ∆╢√╘ 3 ≈─⸗♦ꜟ─∆═≡⌐

Inconel713C ─ ╩ ⅎ≡ 1.4%─└∏╖╩ ⅎ╢ ╩ ∫√( 5.6)  

 

   

Inconel713 C Inconel718  

5.6 └∏╖ 1.4%≢─ └∏╖ ( ) 
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 5.6╩ ∆╢≤ Inconel713C ≤ Inconel718 ≢ └∏╖⅜ ⌐ ⅝ↄ

⌂╢ ≢─ ⌐№╕╡ │╖╠╣⌂™ ↓─↓≤⅛╠ 5.3─ ⌐⅔↑╢ ─

│ ╟╡╙ ⅜ ↄ ⇔≡™√↓≤⅜╦⅛╢  

 

 ⌐ ⅜ ⌐ ⅎ╢ ─ ╩ ═╢√╘ 5.6─ ≢

≢─ ≤ ⅎ√└∏╖╟╡ ∕╣∙╣─ ⸗♦ꜟ─ ΅└∏╖ ╩

⇔√( 5.7)  

 

 

5.7 ⸗♦ꜟ─ ΅└∏╖  

 

 5.7╩ ∆╢≤ Inconel713C ─ ╩ ⅎ√ Inconel718 ─⸗♦ꜟ ∆⌂╦∟

─ ↕™⸗♦ꜟ─╒℮⅜ ™ ≢№╢↓≤⅜╦⅛╢ ↓╣│ │

⌐ ∆╢↓≤╩ ⇔≡™╢ │ ⌐ ∆╢√╘ ⌐ │

⌐ ∆╢↓≤⅜ ↕╣√  
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6   

 

6.1 ─  

 

≢│ 1≈─ ⌐≈⅝ 2≈─∆═╡ ╩ √∑√ 2

╩ ∫√ ⅛╠ └∏╖─ ╩ ⇔ ⅜ ⌐ ╓∆

╩ ⇔√ ╠╣√ ╩ ⌐ ∆  

 

Inconel718ה ─╒℮⅜ Inconel713C ╟╡ ⅜ ⌂⅛∫√ ↓╣│ ─ ╩

⇔≡™╢  

ה ⌐ ⅝⌂ ╩ ╓∆─│ ╟╡╙ ≢№╡ ╛╦╠⅛™ ─╒

℮⅜ ⅜ ⅝⅛∫√ ⇔⅛⇔ ∕─ ╙ ⌐ ⇔ ⅜ ↕™╒

≥ ™ ╩ ≈↓≤╩ ⇔√  

 

6.2 ─  

 

ה ≢│ 2 ≈─∆═╡ ╩ ⇔√ 2 ╩ ∫√⅜ ∆═≡─∆═╡ ╩

⇔√ 3 ╩ ℮↓≤≢ ╟╡ ⌐ ⇔√ ⅜ ≤ ╦╣╢  

ה ⅜ ⌐≥─╟℮⌂ ╩ ╓∆─⅛╩ ⌐ ╙╢√╘ ╟╡ ↄ

─⸗♦ꜟ⌐≈™≡─ ╩ ℮↓≤⅜ ╕╣╢  
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 ╩ ∆╢⌐№√╡ ↄ─ ₁⌐ ⇔≡™√∞⅝╕⇔√  

─ ⌐│ ⇔≡™√∞⅝ ╛ ⌐│ ─ ⌂

≥≢ ⌂↔ ╩™√∞⅝╕⇔√  

 ─ ⌐│ ─ ╩ ╦∑≡™√

∞ↄ ™╤™╤≤ ∫≡™√∞⅝╕⇔√  

 ─ ↕╪⌐│ ─ ╛ ╩♃כ♦ ⇔≡ↄ∞↕∫√∞↑≢

⌂ↄ ╙ ─ ⌐ ∫≡™√∞⅝╕⇔√  

 ─ ↕╪⌐│ ↔ ─ ╙ ⅎ≡™╢ ⌐ ⇔≡↕╕↨╕⌂

▪♪Ᵽ▬☻╩™√∞⅝╕⇔√  

─ ↕╪⌐│ ─ ─ ™ ╩ ⅎ≡™√∞™√∞↑≢⌂ↄ

╙ ─ ⌐ ∫≡™√∞⅝╕⇔√  

⌐╙ ─ ⌐│↕╕↨╕⌂ ≢ ≤ ╠⅞╩™√∞⅝╕⇔√ ⇔≡

™√∞™√∆═≡─ ₁⌐ ™√⇔╕∆  

 ∕⇔≡ ─ ≤⇔≡ ⌂ ⌐ ⇔ ⌐ ⇔≡ↄ∞↕∫√

⌐│ ╟╡ ™√⇔╕∆  

 ↓─ │ ─↔ ⌂⇔⌐│ ⇔≡ ™√⇔╕∑╪≢⇔√ ╘≡ ╩ ⇔

→╕∆  
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A OIM Analysis fi▪♇ⱪכꜞ◒─≢  

 

↕╣√ EBSD ≡™⅔⌐♃כ♦ ℮╕ↄ ≢⅝⌂⅛∫√ ─ ╛ ╩♃כ♦

∆╢ ⌐ ⇔╛∆™╟℮⌐ EBSD ─♃כ♦ ╩ ℮↓≤⅜№╢ ⌐⅔™≡

│ ─√╘─ ⸗♦ꜟ╩ ∆╢√╘⌐ ∫√ ≢│ ≢

fi▪♇ⱪכꜞ◒√™ ╩ ∆╢  

 

Grain Dilationה  

 ≤ ↕╣≡™⌂™ ─ ╩♃כ♦ ─ ≤ ↕╣√Ⱨ◒☿ꜟ

∟℮─♃כ♦ CI ⅜ ─╙─≢ ⅝ ⅎ╢ ↓─ ⌐╟∫≡ ↄ╕℮⅜♃כ♦

≤╣≡™⌂™Ⱨ◒☿ꜟ╩ ∆╢↓≤⅜≢⅝╢ 

 

Average Orientation per Grainה  

─∆═≡─ ╩♃כ♦ ∕─ ─ ─ ≢ ⅝ ⅎ╢

≢─ ─ ╩⌂ↄ⇔ ╩ ∆╢↓≤⅜≢⅝╢  
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B ∕─ ─  

 

 Inconel718 ─⸗♦ꜟ⌐≈™≡ └∏╖ 0.8%─ ╡ ╡ ⇔└∏╖╩ ⅎ╢≤

└∏╖ │ B.1 ─╟℮⌐⌂∫√  
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◘▬◒ꜟ 1 ◘▬◒ꜟ 2 

  

◘▬◒ꜟ 3 ◘▬◒ꜟ 4 

 

 

◘▬◒ꜟ 5  

B.1 0.8%─ ╡ ╡ ⇔└∏╖╩ ⅎ√ ─ └∏╖  

 

  


