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

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

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 H  and ickers hardness  The appro imate e uation was different 
when the H  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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２　実験方法
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図 線 ク 半価幅図１　X線スペクトルから算出される半価幅

表１　化学成分

図、表及び写真

表

表

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　半価幅に及ぼす金属組織の影響
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図２　デバイリング

図３　Ｘ線回折によるスペクトル及びデバイリング
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図 線 ク 及び

表２　装置の仕様

図、表及び写真

表

表 の

Cr
30kV
1.5mA
(211)

写真１　X線残留応力測定装置
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図5　SCM440及びSUJ2のデバイリング

表３　熱処理による半価幅の変化
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図 5

図 5 SCM440 及び SUJ2 の

図、表及び写真

表

表 半価幅の

[deg] [deg] 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

図４　熱処理による金属組織の変化
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表４　同一箇所を5回測定した半価幅の測定値及びその平均値と範囲

表５　５箇所を測定した半価幅の測定値及びその平均値と範囲

図６　X線のピーク強度と半価幅の関係

（a）SCM440Q （b）SCM440AR図、表及び写真

表

表 を 5 た半価幅の 及び の と

1 2 3 4 5 -

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

半価幅[deg]

図、表及び写真

表

表 5 を た半価幅の 及び の と

1 2 3 4 5 -

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]

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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3.2　半価幅とビッカース硬さの関係
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図７　半価幅とビッカース硬さの関係
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図 7 半価幅とビッカース硬さの関係

〇：SCM420、◇：SCM440、△：SUJ2、□：SK105
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図 7

図 7 半価幅とビッカース硬さの関係

〇：SCM420、◇：SCM440、△：SUJ2、□：SK105

表６　各試験片のビッカース硬さ

図、表及び写真

表

表 のビッカース硬さ

1 2 3 4 5 -

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

ビッカース硬さ HV]
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図８　受け取りのまま材を除いた半価幅とビッカース
硬さの関係
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図８ 受け取りのまま材を除いた半価幅とビッカース硬さの関係
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図８ 受け取りのまま材を除いた半価幅とビッカース硬さの関係
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