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Non-destructive and non-contact measurement of hardness by X -ray diffraction 
(1st Report)

䇷  Relationship between the half value breadth and the Vickers hardness of
heat-treated steel materials  䇷

OGAI Motoharu,  UEMATSU Toshiaki,  UCHIYAMA Munehisa  and  TERAMOTO Yoshinobu

The hardness of steel materials is one of the most important features in an evaluation of mechanical properties. 
The Vickers hardness test or the Rockwell hardness test are mainly used for hardness measurements. Non-
destructive and non-contact hardness measurements are req uired in the performance of q uality control for steel 
products.

In this paper, the authors investigate the relationship between the half value breadth (HVB) and the Vickers 
hardness for heat-treated steel to evaluate the reliability of hardness measurements by X -ray diffraction.

The results obtained in this investigation are as follows.
(1) Coarse grain increased the dispersion of the HVB within the Debye ring.  (2) The range of the HVB was larger 
for the q uenched specimen than it was for the tempered specimens and the as-received specimens.  (3 ) There was an 
inflection point in the relationship between the H9% and 9ickers hardness� The appro[imate eTuation was different 
when the H9% was wider or narrower than the inflection point�  (�) The proposed method could be used to estimate 
the Vickers hardness from the HVB by obtaining the approx imate eq uation for each steel type.

Keywords : Steel, Vickers hardness, Half value breadth, Dispersion of the half value breadth, The velation between the 
half value breadth and hardness
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１　はじめに
㕲㗰ᮦᩱ䛾◳䛥䛿䚸 ᶵᲔⓗ≉ᛶ䛻䛚䛔䛶㔜せ䛺ᣦ

ᶆ䛷䛒䜛䛯䜑䚸 ⇕ฎ⌮䜢䛧䛯〇ရ䛾ရ㉁⟶⌮䜔〇

ရ㛤Ⓨ䛷Ḟ䛛䛫䛺䛔ヨ㦂䛾䜂䛸䛴䛸䛺䛳䛶䛔䜛䚹 ㏻

ᖖ䚸 ◳䛥ヨ㦂䛻䛿䚸 䝻䝑䜽䜴䜵䝹◳䛥ヨ㦂䜔䝡䝑䜹䞊䝇

◳䛥ヨ㦂䛜⏝䛥䜜䛶䛔䜛䚹 䛣䜜䜙䛾ヨ㦂䛿䚸ヨ㦂∦

䛻所ᐃ䛾Ⲵ㔜䜢䛛䛡䛶ᅽᏊ䜢ᢲ㎸䜏䚸  ᐃ㠃䛻䛴䛔

䛯䛟䜌䜏䛾䛝䛥䜔῝䛥䛛䜙◳䛥䜢⟬ฟ䛧䛶䛔䜛䚹 ṇ䛧

䛟ヨ㦂䜢⾜䛖䛯䜑䛻䛿䚸 ᐃ㠃䛜䚸ᅽᏊ㍈䛻ᆶ┤䛷䛺

䛡䜜䜀䛺䜙䛪䚸ษ᩿䜔研☻䛺䛹䛾ヨᩱㄪ〇䛜ᚲせ䛸䛺

䜛ሙྜ䛜䛒䜛䚹 䜘䛳䛶䚸 㒊ရ䛿䚸 ヨ㦂ᚋ䛻◚ቯ䛥䜜䛶

⏝䛷䛝䛺䛔䛣䛸䜔ヨ㦂䜎䛷䛻㛫䛜䛛䛛䜛䛣䛸䛺䛹

䛾ḞⅬ䛜䛒䜛䚹

䛭䛾䛯䜑䚸 㠀◚ቯ䚸 㠀᥋ゐ䚸 ▷㛫䛾◳䛥 ᐃ䛸

䛧䛶 㼄 ⥺䜢⏝䛩䜛᪉ἲ䛜᳨ウ䛥䜜䛶䛔䜛䠍㻙 䠏）䚹 㕲㗰

ᮦᩱ䛻 㼄 ⥺䜢↷ᑕ䛧䚸ᅇᢡ⌧㇟䛻䜘䛳䛶ᚓ䜙䜜䛯䝇䝨

䜽䝖䝹䛾䝢䞊䜽ᙉᗘ䛾 1㻛2 䛸䛺䜛䠎Ⅼ䜢⤖䜣䛰ᖜ （ᅗ䠍）

（௨ୗ䚸༙౯ᖜ） 䛿䚸◳䛥䛸㛵ಀ䛜䛒䜛䛣䛸䛜▱䜙䜜䛶
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䜘䜛◳䛥 ᐃ䜢ᐇ⏝䛩䜛䛯䜑䛻䛿䚸 ㌾㉁ᮦ䛛䜙◳㉁

ᮦ䜎䛷ᖜᗈ䛔㕲㗰ᮦᩱ䛾◳䛥䜢 ᐃ䛷䛝䜛䛣䛸䛜ồ䜑

䜙䜜䜛䚹 䛧䛛䛧䚸 ᮏᡭἲ䜢ከ䛟䛾㗰✀䛷᳨ウ䛧䛯報告

䛿ᑡ䛺䛟䚸 ᐃ್䛾ಙ㢗ᛶ䛻㛵䛩䜛䝕䞊䝍䛜㊊䛧䛶

䛔䜛䚹 䛭䛣䛷䚸 ᮏ研究䛷䛿䚸 㼄 ⥺ᅇᢡ䛻䜘䜛◳䛥 ᐃ

䛾ಙ㢗ᛶ䜢☜ㄆ䛩䜛䛯䜑䚸✀䚻䛾㕲㗰ᮦᩱ䜢⏝䛔䛶䚸

㔠ᒓ⤌⧊䛻䜘䜛༙౯ᖜ䛾ኚ䜔༙౯ᖜ䛸◳䛥䛾㛵ಀ

ᛶ䛻䛴䛔䛶ホ౯䛧䛯䚹

２　実験方法
⏝䛧䛯㕲㗰ᮦᩱཬ䜃 㻶㻵㻿 䛷つᐃ䛥䜜䛯Ꮫᡂศ

䜢⾲䠍䛻♧䛩䚹 ྛ㕲㗰ᮦᩱ䛿䚸 䃥 20㼙㼙 㽢 㻸㻌200㼙㼙

䛻ຍ工䛧䛯ᚋ䚸 㻤㻡0䉝㽢 0㻚㻡㼔 䛷ຍ⇕䛧Ἔ෭䛷↝ධ䜜

䛧䛯䚹 ◳䛥䜢ㄪᩚ䛩䜛䛯䜑䛻↝ධ䜜ᮦ䛛䜙䚸 㻸㻌10㼙㼙

䛾ᰕ䜢ษ䜚ฟ䛧䚸 200䉝䛛䜙 㻢00䉝䛾㛫䛾 100䉝䛤䛸

䛾 ᗘ䛷䠎㼔 ↝ᡠ䛧䛧䛯䚹 ↝ᡠ䛧䛧䛯㕲㗰ᮦᩱ䛿䚸 ⇕

ฎ⌮䛻䜘䜛⬺Ⅳᒙ䛺䛹䛾ᙳ㡪䜢㝖ཤ䛩䜛䛯䜑䚸㍈᪉ྥ

䛾୰ኸ （㻸㻌㻡㼙㼙） 䜢◒▼䛷ษ᩿䛧䛯䚹 䜎䛯䚸↝ධ䜜ᮦ

䛸ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ䜒↝ᡠ䛧ᮦ䛸ྠᵝ䛾䝃䜲䝈䛻ษ᩿䛧

䛯䚹 ษ᩿ᚋ䛾ᮦᩱ䛿䚸 ษ᩿䛧䛯㠃䛜 ᐃ㠃䛸䛺䜛䜘䛖

䛻䚸 ᶞ⬡䛻ᇙ䜑㎸䜏䚸 䝞䝣研☻䛧䚸 䛣䜜䜙䜢ヨ㦂∦䛸

䛧䛯䚹 䛣䛣䛷ྛヨ㦂∦䛿䚸 ↝ධ䜜ᮦ䜢 㻽䚸 ↝ᡠ䛧ᮦ䜢

㼀㻙 ↝ᡠ䛧 ᗘ䚸 ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ䜢 㻭㻾 䛸䛧䚸 ᮦ㉁ྡ

䛻ୗ䛡䛧䛶⾲グ䛩䜛䚹 （㻌㻟00䉝䛷↝ᡠ䛧䛧䛯

㻿㻯㻹420 䜢 㻿㻯㻹420㼀㻙㻟00 䛸䛩䜛）

㔠ᒓ⤌⧊ヨ㦂䛿䚸 㻿㻯㻹420 ཬ䜃 㻿㻯㻹440䚸 㻿㻷10㻡䚸

㻿㼁㻶2 䛾↝ධ䜜ᮦ䚸 㻢00䉝↝ᡠ䛧ᮦ䚸ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ

䜢䠑䠂䝘䜲䝍䞊䝹䛷⭉㣗䛧䚸㔠ᒓ㢧ᚤ㙾㻹㻭200 （䞞䝙

䝁䞁） 䜢⏝䛧䛶䚸 ᐇ䛧䛯䚹

図、表及び写真

図?（p115）

図? � 線��ク����6$���半価幅図１　9ઢεϖΫτル͔Β算ग़͞Εる価幅

表１　Խֶ成分

図、表及び写真

表㸯

表㸯 Ꮫᡂศ

Steel C[%] Si[%] Mn[%] P[%] S[%] Cr[%] Mo[%]
SCM420 0.17~0.23 0.15~0.35 0.55~0.90 ~0.030 ~0.030 0.85~1.25 0.15~0.35
SCM440 0.37~0.44 0.15~0.35 0.55~0.90 ~0.030 ~0.030 0.85~1.25 0.15~0.35
SK105 1.00~1.10 ~0.35 ~0.50 ~0.030 ~0.030 - -

SUJ2 0.95~1.10 0.15~0.35 ~0.50 ~0.025 ~0.025 1.30~1.60 -
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３　結果および考察
3.1　価幅にٴ΅すۚଐ৫のӨڹ
㻿㻯㻹420䚸 㻿㻯㻹440䚸 㻿㻷10㻡䚸 㻿㼁㻶2 䛾ཷ䛡ྲྀ䜚䛾䜎

䜎ᮦ䚸 ↝ධ䜜ᮦ䚸 㻢00䉝↝ᡠ䛧ᮦ䛾㔠ᒓ⤌⧊䜢ᅗ䠐䛻

♧䛩䚹 ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ䛷䛿䚸 㻿㻯㻹420㻭㻾 ཬ䜃

㻿㻯㻹440㻭㻾 䛿䚸䛔䛪䜜䜒䝣䜵䝷䜲䝖䛸ᒙ≧䛾䝟䞊䝷䜲䝖䛾

ΰྜ⤌⧊䛷䚸 㻿㻯㻹420㻭㻾 䛾᪉䛜 㻿㻯㻹440㻭㻾 䜘䜚䜒䝟䞊

䝷䜲䝖㔞䛿ᑡ䛺䛔䚹Ⅳ⣲㔞䛜ከ䛔㻿㻷10㻡㻭㻾ཬ䜃㻿㼁㻶2㻭㻾

䛿䛭䜜䛮䜜䝣䜵䝷䜲䝖䛸Ⅳ≀䛷䛒䛳䛯䚹 ↝ධ䜜䜢⾜䛖

䛣䛸䛷䚸 㻿㻯㻹420㻽 䛿ᑡ㔞䛾䝬䝹䝔䞁䝃䜲䝖䛸䝧䜲䝘䜲䝖

䛾ΰྜ⤌⧊䚸 㻿㻯㻹440㻽 䛿䝬䝹䝔䞁䝃䜲䝖䛸ᑡ㔞䛾䝧䜲

䝘䜲䝖䛾ΰྜ⤌⧊䚸 㻿㻷10㻡㻽 ཬ䜃 㻿㼁㻶2㻽 䛿䝬䝹䝔䞁䝃

䜲䝖䛸ᮍ⁐ゎⅣ≀䛾ΰྜ⤌⧊䛻䛺䛳䛯䚹 ᮏ研究䛷

䛿䚸 㗰✀䛻䜘䜙䛪↝ධ䜜᮲௳䜢ྠ୍䛻䛧䛯䛣䛸䛛䜙䚸

㻿㻯㻹420 䛷䛿䚸 ෭༷㏿ᗘ䛜䝬䝹䝔䞁䝃䜲䝖䛻ኚែ䛩䜛

䛯䜑䛻䛿༑ศ䛸䛺䜚䚸 ᑡ㔞䛾䝬䝹䝔䞁䝃䜲䝖䛸䝧䜲䝘

䝞䜲䝸䞁䜾䛿䚸 ᅗ䠏䛻♧䛩䜘䛖䛻 㼄 ⥺䝇䝨䜽䝖䝹䛾㞟ྜ

య䛷䛒䜚䚸 㻡00 Ⅼ䛾䝇䝨䜽䝖䝹䜢ྠ䛻⾲♧䛧䛶䛔䜛䚹

༙౯ᖜ䛿䚸 䛭䜜䛮䜜䛾䝇䝨䜽䝖䝹䛛䜙⟬ฟ䛥䜜䛯 㻡00

Ⅼ䛾ᖹᆒ್䜢 ᐃ⤖ᯝ䛸䛧䛯䚹༙౯ᖜ䛾 ᐃ⨨䛿䚸

ྛヨ㦂∦䛾௵ព䛾䠑⟠所䛸䛧䛯䚹 䜎䛯䚸 㻿㻯㻹440 ཬ䜃

㻿㼁㻶2 䛿䚸 ྠ୍⟠所䛻䛚䛔䛶䠑ᅇ㐃⥆䛷⧞䜚㏉䛧 ᐃ

䜒⾜䛳䛯䚹

䝡䝑䜹䞊䝇◳䛥ヨ㦂䛿䚸 ᚤᑠ◳ᗘィ 㻲㻹㻙㻭㻾㻿㻥00㻤

（䞞䝣䝳䞊䝏䝳䜰䝔䝑䜽）䜢⏝䛧䚸Ⲵ㔜2㻚㻥42㻌㻺（㻟00㻌㼓㼒）

䛷䚸 ྛヨ㦂∦䛾௵ព䛾䠑⟠所䜢 ᐃ䛧䛯䚹

༙౯ᖜ䛾 ᐃ䛻䛿䚸┿䠍䛻♧䛩ྍᦙᆺ 㼄 ⥺ṧ␃

ᛂຊ ᐃ⨨䃛㻙㼄㻟㻢0㼟 （䝟䝹䝇䝔䝑䜽工業䞞） 䜢⏝䛔

䛯䚹 ⨨䛾ᵝ䜢⾲䠎䛻♧䛩䚹  ᐃ䝴䝙䝑䝖䛿䚸 㼄 ⥺

䛜ヨᩱ⾲㠃䛻ᑐ䛧䛶䚸 ᆶ┤䛻ධᑕ䛷䛝䜛䜘䛖䛻ጼໃ䜢

ᅛᐃ䛧䚸 㼄 ⥺䛾Ⓨ⏕㒊䛸 ᐃ㠃䛾㊥㞳䜢㻟0㼙㼙 䛸䛧

䛯䚹 㼄 ⥺䛾䝁䝸䝯䞊䝍ᚄ䛿䚸 䃥䠍㼙㼙 䛸䛧䚸 䛣䛾䛸䛝䛾 㼄

⥺䛾↷ᑕ㡿ᇦ䛿䃥䠎㼙㼙 ⛬ᗘ䛷䛒䛳䛯䚹 䠍ᅇ䛾 ᐃ䛻

䛚䛡䜛 㼄⥺↷ᑕ㛫䛿䚸㻢ࠥ 1㻡⛊䛸䛧䛯䚹  ᐃ䝴䝙䝑

䝖䛛䜙↷ᑕ䛥䜜䛯 㼄 ⥺䛿䚸  ᐃ㠃䛷ᅇᢡ䛧䚸 䠎ḟඖ᳨

ฟჾ䛷ᅗ䠎䛻♧䛩䜘䛖䛻䝸䞁䜾≧䛻᳨ฟ䛥䜜䜛 （௨ୗ䚸

䝸䞁䜾≧䛻ᅇᢡ䛥䜜䛯 㼄 ⥺䜢䝕䝞䜲䝸䞁䜾䛸䛩䜛）䚹 䝕

図２　デόイϦϯά

図３　̭ઢճંによるεϖΫτルٴびデόイϦϯά

図、表及び写真

図㸰

図㸰 ࢢࣥࣜࣂࢹ

図、表及び写真

図@(p116)

図@ C線(0�����ク��及び������

表２　装置の༷

図、表及び写真

表㸰

表㸰 ⨨のᵝ

⌫⟶ࠉ⥺; Cr
⟶㟁ᅽ 30kV
⟶㟁ὶ 1.5mA
ᅇᢡ㠃 (211)

ࣸ真１　9ઢཹԠ力ଌ定装置

図、表及び写真

写真㸯

写真㸯 X ⥺ṧ␃ᛂຊ ᐃ⨨
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䜲䝖䛾ΰྜ⤌⧊䛸䛺䛳䛯䚹 䜎䛯䚸 㻿㻷10㻡 ཬ䜃 㻿㼁㻶2 䛷

䛿䚸 䜸䞊䝇䝔䝘䜲䝖䛸Ⅳ≀䛾䠎┦ᇦ䛛䜙↝ධ䜜䛧䛯䛣

䛸䛷ᮍ⁐ゎⅣ≀䛜ṧ␃䛧䛯䚹 㻢00䉝↝ᡠ䛧䜢⾜䛖䛣䛸

䛷䚸 㻿㻯㻹420㼀㻙㻢00 䛿䝣䜵䝷䜲䝖䛸Ⅳ≀䛾ΰྜ⤌⧊䚸

㻿㻯㻹440㼀㻙㻢00 䛜䝋䝹䝞䜲䝖䚸 㻿㻷10㻡㼀㻙㻢00 䛿䝋䝹䝞䜲䝖䛸ᚤ

⣽䝟䞊䝷䜲䝖䛸ᮍ⁐ゎⅣ≀䚸 㻿㼁㻶2㼀㻙㻢00 䛿䝋䝹䝞䜲䝖䛸

ᮍ⁐ゎⅣ≀䛾ΰྜ⤌⧊䛻䛺䛳䛯䚹

ḟ䛻㕲㗰ᮦᩱ䛾௦⾲ⓗ䛺㔠ᒓ⤌⧊䛷䛒䜛䝬䝹䝔䞁

䝃䜲䝖䚸 䝋䝹䝞䜲䝖䚸 䝟䞊䝷䜲䝖䚸 䝣䜵䝷䜲䝖䛜ྵ䜎䜜䜛

㻿㻯㻹440 ཬ䜃 㻿㼁㻶2 䛻䛴䛔䛶䚸 䝕䝞䜲䝸䞁䜾ཬ䜃༙౯

ᖜ䛾ホ౯䜢⾜䛳䛯䚹 ᅗ䠑䛻ྛヨ㦂∦䛾௵ព䛾䠍⟠所䜢

 ᐃ䛧䛯䛾䝕䝞䜲䝸䞁䜾䜢䚸 ⾲䠏䛻༙౯ᖜ䛾ᖹᆒ್

ཬ䜃ᶆ‽೫ᕪ䚸ኚືಀᩘ䜢♧䛩䚹 ༙౯ᖜ䛾ᖹᆒ್ཬ

䜃ᶆ‽೫ᕪ䚸ኚືಀᩘ䛿䚸 䠍䛴䛾䝕䝞䜲䝸䞁䜾䛻Ꮡᅾ

䛩䜛 㻡00 Ⅼ䛾 㼄 ⥺䝇䝨䜽䝖䝹䛛䜙⟬ฟ䛧䛯䚹

ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ䛾䝕䝞䜲䝸䞁䜾䛾ᙧ≧䛿䚸㻿㻯㻹440

ཬ䜃 㻿㼁㻶2 䛸䜒䛻ᩬⅬ≧䛷䛒䛳䛯䚹 ↝ධ䜜ᮦ䛿䚸ྛヨ

㦂∦䛸䜒䝕䝞䜲䝸䞁䜾䛾ᙧ≧䛜ᆒ୍䛸䛺䜚䚸 ཷ䛡ྲྀ䜚䛾

䜎䜎ᮦ䛸ẚ㍑䛧䛶䝕䝞䜲䝸䞁䜾䛾ᖜ䛿ᗈ䛟䛺䛳䛯䚹㻢00䉝

↝ᡠ䛧ᮦ䜒↝ධ䜜ᮦ䛸ྠᵝ䛻䝸䞁䜾ᙧ≧䛿ᆒ୍䛷䛒䛳

䛯䛜䚸ྛヨ㦂∦䛸䜒↝ධ䜜ᮦ䜘䜚䜒䝕䝞䜲䝸䞁䜾䛾ᖜ䛿

⊃䛟䛺䛳䛯䚹䛣䜜䜙䛾䛣䛸䛛䜙⇕ฎ⌮䜢⾜䛖䛣䛸䛷䝕䝞䜲

䝸䞁䜾䛾ᙧ≧ཬ䜃ᖜ䛜䛝䛟ኚ䛩䜛䛣䛸䛜ศ䛛䛳䛯䚹

ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ䛾䝕䝞䜲䝸䞁䜾䛾ᙧ≧䛜ᩬⅬ≧䛻

䛺䛳䛯せᅉ䛸䛧䛶䚸 䝣䜵䝷䜲䝖䜔䝟䞊䝷䜲䝖䛾⤖ᬗ⢏䛜

1㻡䃛㼙 ⛬ᗘ䛷䛒䛳䛯䛣䛸䛛䜙䚸㼄 ⥺䜢↷ᑕ䛧䛯㡿ᇦ䛾ᅇ

ᢡ䛻ᐤ䛧䛯⤖ᬗ䛜ῶᑡ䛧䛯䛣䛸䛜ᣲ䛢䜙䜜䜛䚹 䜎䛯䚸

⇕ฎ⌮䜢⾜䛖䛣䛸䛷䝬䝹䝔䞁䝃䜲䝖ኚែ䛻⤖ᬗ䛜ᚤ

図5　4$M440ٴび4U+2のデόイϦϯά

表３　熱ॲཧによる価幅のมԽ

図、表及び写真

図 5

図 5 SCM440 及び SUJ2 のࢢࣥࣜࣂࢹ

図、表及び写真

表㸱

表㸱 半価幅のᶆ‽೫ᕪ

ᖹᆒ್[deg] ᶆ‽೫ᕪ[deg] ኚື係ᩘ

SCM440AR 2.48 0.079 0.032
SCM440Q 6.40 0.095 0.015

SCM440T-600 2.73 0.013 0.005
SUJ2AR 2.33 0.160 0.069
SUJ2Q 7.46 0.113 0.015

SUJ2T-600 2.72 0.026 0.010

半価幅
ヨ㦂∦ྡ

図４　熱ॲཧによるۚଐ৫のมԽ

図、表及び写真

図㸲

図㸲 㔠ᒓ⤌⧊
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⣽䛩䜛䛸䛸䜒䛻ከ䛟䛾䜂䛪䜏䛜⤖ᬗෆ㒊䛻Ⓨ⏕䛧䛯

䛣䛸䛷䚸 䝕䝞䜲䝸䞁䜾䛿ᆒ୍䛷ᖜ䛜ᗈ䛟䛺䜚䚸 ↝ᡠ䛧

䛻⤖ᬗ䛾ᅇ䜔⤖ᬗ䛜㉳䛣䜛䛣䛸䛷䜂䛪䜏䛜ῶᑡ

䛧䚸 䝕䝞䜲䝸䞁䜾䛿ᆒ୍䛾䜎䜎䚸 ᖜ䛜⊃䛟䛺䛳䛯䛸⪃䛘

䜙䜜䜛䚹

ྛヨ㦂∦䛾䝕䝞䜲䝸䞁䜾䛛䜙⟬ฟ䛥䜜䛯༙౯ᖜ䛾ᖹ

ᆒ್䛿䚸 㻿㻯㻹440㻭㻾 䛷 2㻚4㻤㼐㼑㼓䚸 㻿㻯㻹440㻽 䛷 㻢㻚4㼐㼑㼓䚸

㻿㻯㻹440㼀㻙㻢00 䛷 2㻚㻣㻟㼐㼑㼓䚸㻿㼁㻶2㻭㻾 䛷 2㻚㻟㻟㼐㼑㼓䚸㻿㼁㻶2㻽 䛷

㻣㻚4㻢㼐㼑㼓䚸 㻿㼁㻶2㻭㻾 䛷 2㻚㻣2㼐㼑㼓 䛸䛺䛳䛯䚹 䛔䛪䜜䛾ᮦᩱ

䜒↝ධ䜜ᮦ䛾༙౯ᖜ䛜᭱䜒ᗈ䛟䚸 㻢00䉝↝ᡠ䛧ᮦ䚸 ཷ

䛡ྲྀ䜚䛾䜎䜎ᮦ䛾㡰䛻⊃䛟䛺䛳䛯䚹 ྛ䝇䝨䜽䝖䝹䛛䜙⟬

ฟ䛥䜜䛯 㻡00 Ⅼ䛾༙౯ᖜ䛾ኚືಀᩘ䛿䚸㻢00䉝↝ᡠ䛧

ᮦ䛜ᑠ䛥䛟䚸 ↝ධ䜜ᮦ䛸ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ䛜䛝䛟䛺䜛

ഴྥ䛷䛒䛳䛯䚹 䛣䛣䛷ኚືಀᩘ䛜䛝䛟䛺䛳䛯

㻿㻯㻹440㻽 ཬ䜃 㻿㻯㻹440㻭㻾 䛾䝢䞊䜽ᙉᗘ䛸༙౯ᖜ䛾㛵

ಀ䜢ᅗ䠒䛻♧䛩䚹 㻿㻯㻹440㻽 䛷䛿䚸 ༙౯ᖜ䛻䜀䜙䛴䛝

䛜䜏䜙䜜䜛䛜䚸 䝢䞊䜽ᙉᗘ䛻䜘䜛ഴྥ䛿ぢ䜙䜜䛺䛔䚹

୍᪉䚸 㻿㻯㻹440㻭㻾 䛷䛿䚸 䝢䞊䜽ᙉᗘ䛜ୖ᪼䛩䜛䛸༙౯

ᖜ䛿䚸 ῶᑡ䛩䜛ഴྥ䛜ぢ䜙䜜䛯䚹 䛣䛾䛣䛸䛛䜙䚸

㻿㻯㻹440㻭㻾 䛾䜘䛖䛻䝕䝞䜲䝸䞁䜾䛜ᩬⅬ≧䛻䛺䜛㔠ᒓ

⤌⧊䛷䛿䚸 䝢䞊䜽ᙉᗘ䛻䜘䛳䛶༙౯ᖜ䛜ኚ䛩䜛䛣䛸

䛜ศ䛛䛳䛯䚹

ḟ䛻⧞䜚㏉䛧 ᐃ䜢⾜䛳䛯䛸䛝䛾༙౯ᖜ䛾䜀䜙䛴䛝

䜢ホ౯䛩䜛䛯䜑䛻ྠ୍⟠所䜢㐃⥆䛷䠑ᅇ ᐃ䛧䛯䛸䛝

䛸䚸 ௵ព䛾䠑⟠所䜢 ᐃ䛧䛯䛸䛝䛾༙౯ᖜ䛾⠊ᅖ （᭱

್䇷᭱ᑠ್） ཬ䜃ᖹᆒ್䜢ồ䜑䛯⤖ᯝ䜢⾲䠐䚸 ⾲

䠑䛻♧䛩䚹 ྠ୍⟠所䜢 ᐃ䛧䛯䛸䛝䛾༙౯ᖜ䛾⠊ᅖ

䛿䚸 㻿㻯㻹440㻽 䛷 0㻚0㻟㼐㼑㼓 䛷䛒䛳䛯䚹 䛭䛾䛾ヨ㦂∦

表４　ಉ一ՕॴΛ5ճଌ定した価幅のଌ定値ٴびͦのฏ均値とൣғ

表５　５ՕॴΛଌ定した価幅のଌ定値ٴびͦのฏ均値とൣғ

図６　9ઢのϐーΫ強度と価幅の関係

ʢaʣ4$M4402 ʢCʣ4$M440"3図、表及び写真

表㸲

表㸲 ྠ୍⟠ᡤを 5 ᅇ ᐃࡋた半価幅の ᐃ್及びࡑのᖹᆒ್と⠊ᅖ

⠊ᅖ

1 2 3 4 5 㸦್᭱-᭱ᑠ್㸧

SCM440AR 2.48 2.48 2.49 2.49 2.49 2.49 0.01
SCM440Q 6.53 6.54 6.55 6.55 6.56 6.55 0.03

SCM440T-600 2.73 2.73 2.73 2.72 2.72 2.73 0.01
SUJ2AR 2.32 2.31 2.32 2.32 2.32 2.32 0.01
SUJ2Q 7.53 7.54 7.54 7.53 7.53 7.53 0.01

SUJ2T-600 2.72 2.72 2.71 2.71 2.72 2.72 0.01

ヨ㦂∦ྡ

半価幅[deg]

ᖹᆒ್
 ᐃᅇᩘ

図、表及び写真

表㸳

表㸳 5 ⟠ᡤを ᐃࡋた半価幅の ᐃ್及びࡑのᖹᆒ್と⠊ᅖ

⠊ᅖ

1 2 3 4 5 㸦್᭱-᭱ᑠ್㸧

SCM440AR 2.53 2.54 2.54 2.53 2.51 2.53 0.03
SCM440Q 6.46 6.27 6.45 6.28 6.47 6.39 0.20

SCM440T-600 2.72 2.73 2.71 2.72 2.72 2.72 0.02
SUJ2AR 2.32 2.34 2.36 2.31 2.32 2.33 0.05
SUJ2Q 7.42 7.43 7.44 7.40 7.45 7.43 0.05

SUJ2T-600 2.72 2.73 2.69 2.71 2.70 2.71 0.04

半価幅[deg]
ヨ㦂∦ྡ

ᖹᆒ್
 ᐃᅇᩘ

図、表及び写真

図６(p118)

                        

  （a）SCM440Q                (b)SCM440AR                

図６ X 線のピーク強度と半価幅の関係
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䛿䚸㗰✀䛻䜘䜙䛪 0㻚01㼐㼑㼓 䛸䛺䜚䚸ᑠ䛥䛔್䛷䛒䛳䛯䚹

௵ព䛾䠑⟠所䜢 ᐃ䛧䛯䛸䛝䛾༙౯ᖜ䛾⠊ᅖ䛿䚸 ྠ୍

⟠所䜢 ᐃ䛧䛯䛸䛝䛸ྠᵝ䛻 㻿㻯㻹440㻽 䛷 0㻚20㼐㼑㼓 䛸

䛝䛟䛺䜚䚸ྠ୍⟠所䛾䠓ಸ⛬ᗘ䛸䛺䛳䛯䚹 䛭䛾䛾ヨ㦂

∦䛻䛚䛡䜛୧⪅䛾ᕪ䛿䚸 0㻚0㻡㼐㼑㼓 ௨ୗ䛷䛒䛳䛯䚹

䛣䛣䛷༙౯ᖜ䛾⧞䜚㏉䛧 ᐃ䜢⾜䛳䛯ྛヨ㦂∦䛻䛴

䛔䛶௵ព䛾䠑⟠所䛷 ᐃ䛧䛯䝡䝑䜹䞊䝇◳䛥䛾ᖹᆒ್

ཬ䜃⠊ᅖ䜢⾲䠒䛻♧䛩䚹 䝡䝑䜹䞊䝇◳䛥䛾ᖹᆒ್䛿䚸

ཷ䛡ྲྀ䜚䛾䜎䜎ᮦ䛷䛿㻿㻯㻹440㻭㻾䚸㻿㼁㻶2㻭㻾 䛸䜒䛻1㻥0㻴㼂

⛬ᗘ䛷䛒䛳䛯䚹 ↝ධ䜜䜢⾜䛖䛣䛸䛷䚸 㻿㻯㻹440㻽 䛿

㻢㻟0㻴㼂 ⛬ᗘ䚸 㻿㼁㻶2㻽 䛷 㻣㻣0㻴㼂 ⛬ᗘ䜎䛷䝡䝑䜹䞊䝇◳

䛥䛿ୖ᪼䛧䚸 㻢00䉝↝ᡠ䛧䛻䜘䛳䛶 㻿㻯㻹440㼀㻙㻢00䚸

㻿㼁㻶2㼀㻙㻢00 䛸䜒䛻 㻟00㻴㼂⛬ᗘ䛻పୗ䛧䛯䚹 䝡䝑䜹䞊䝇◳

䛥䛾⠊ᅖ䛿䚸㻿㻯㻹440㻭㻾 䛜᭱ᑠ䛷 10㻴㼂䚸㻿㻯㻹440㻽 ཬ

䜃 㻿㻯㻹440㼀㻙㻢00 䛜᭱䛷 㻟0㻴㼂 䛷䛒䛳䛯䚹 䜘䛳䛶ྠ୍

⟠所䜢⧞䜚㏉䛧 ᐃ䛩䜛䜘䜚䜒 ᐃ⨨䜢ኚ䛘䛯䛸䛝䛾

᪉䛜༙౯ᖜ䛾⠊ᅖ䛜䛝䛟䛺䛳䛯䛾䛿䚸 ᐃ⨨䛷◳

䛥䛾␗䛺䜛㔠ᒓ⤌⧊䛸䛺䛳䛶䛔䛯䛯䜑䛸⪃䛘䜙䜜䜛䚹௨

ୖ䛾䛣䛸䛛䜙䚸 ༙౯ᖜ䛿䚸 㔠ᒓ⤌⧊䛾䜀䜙䛴䛝䜔⤖ᬗ

⢏䝃䜲䝈䛻䜘䛳䛶䚸 䜀䜙䛴䛝䛜䛝䛟䛺䜛ᠱᛕ䛿䛒䜛䜒

䛾䛾䚸ᮏ研究䛷⏝䛧䛯⨨䛷䛿䚸䝁䝸䝯䞊䝍䛻䜘䛳䛶

㼄 ⥺䛾↷ᑕ㡿ᇦ䜢ไ㝈䛧䛶䛔䜛䛯䜑䚸 䝡䝑䜹䞊䝇◳䛥

䜔䝻䝑䜽䜴䜵䝹◳䛥䛸ྠᵝ䛻ᚤᑠ㡿ᇦ䛾◳䛥 ᐃ䛾

⏝䛻ᮇᚅ䛷䛝䜛䛣䛸䛜ศ䛛䛳䛯䚹

3.2　価幅とϏοΧーεߗ の͞関係
ྛヨ㦂∦䛾༙౯ᖜ䛸䝡䝑䜹䞊䝇◳䛥䛾㛵ಀ䜢ᅗ䠓䛻

♧䛩䚹 ᅗ୰䛾䝥䝻䝑䝖Ⅼ䛿䚸༙౯ᖜ䛜ᗈ䛔䜒䛾䛜↝ධ
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表６　各試験片のϏοΧーε͞ߗ

図、表及び写真

表㸴

表㸴 ྛヨ㦂∦のビッカース硬さ

⠊ᅖ

1 2 3 4 5 㸦್᭱-᭱ᑠ್㸧

SCM440AR 188 184 190 187 194 186 10
SCM440Q 628 641 630 633 611 623 30

SCM440T-600 304 323 292 300 301 307 31
SUJ2AR 188 183 192 198 183 182 16
SUJ2Q 773 780 761 766 775 780 19

SUJ2T-600 300 295 300 295 297 311 16

 ᐃᅇᩘ
ᖹᆒ್

ビッカース硬さ>HV]

ヨ㦂∦ྡ
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