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Residual stress measurements in Hardox™ high strength steel 
using neutron diffraction 
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+LJK� VWUHQJWK� VWHHOV� FDQ� EH� VHQVLWLYH� WR�
K\GURJHQ�HPEULWWOHPHQW��+(��ZKLFK�FDQ�OLPLW�
WKH� DSSOLFDWLRQ� RI� WKH� VWHHO� LQ� FHUWDLQ�
HQYLURQPHQWV��$� SUHUHTXLVLWH� IRU�+(� LV� WKH�
SUHVHQFH�RI�UHVLGXDO�VWUHVVHV�EXLOW�XS�LQ�WKH�
SURGXFW� GXULQJ� SURGXFWLRQ� DQG� LQ� VHUYLFH��
5HVLGXDO� VWUHVVHV� FDQ� EH� UHGXFHG� E\�
DSSO\LQJ�WKHUPDO�WUHDWPHQWV��L�H��WHPSHULQJ��
GXULQJ� WKH�SURGXFWLRQ�SURFHVV��+RZHYHU��D�
OLPLWDWLRQ� LV� WKDW� WKH� WLPH� DQG� WHPSHUDWXUH�
SURILOH�XVHG�PXVW�QRW�DOWHU�WKH�VWUHQJWK�RI�WKH�
VWHHO� IURP� DFFHSWDEOH� YDOXHV�� 7R� RSWLPL]H�
WKH� SURFHVV�� WKHUH� LV� D� QHHG� WR� PDS� WKH�
VWUHVV�GLVWULEXWLRQV��7KLV�LV�WKH�TXHVW�IRU�DQ�
HIIHFWLYH�SURGXFWLRQ�URXWH�WKDW�ZLOO�DOORZ�IRU�
WKH�IXOO�SRWHQWLDO�RI�WKHVH�KLJK�VWUHQJWK�VWHHO�
SURGXFWV��
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,W� LV� GHVLUDEOH� WR� PDS� UHVLGXDO� VWUHVVHV�
WKURXJKRXW� WKH� ZKROH� RI� WKH� WKLFNQHVV� RI�
VWHHO�SODWHV��1RQ�GHVWUXFWLYH�DQDO\VLV�RI�WKH�
EXON� LV� LPSRVVLEOH� WR� SHUIRUP� ZLWK�
FRQYHQWLRQDO�ODERUDWRU\�PHWKRGV��H�J��;�UD\�
GLIIUDFWLRQ�� GXH� WR� WKH� OLPLWHG� SHQHWUDWLRQ�
GHSWK��6LQFH�QHXWURQV�SHQHWUDWHV�GHHS�LQWR�
D�PDWHULDO��QHXWURQ�GLIIUDFWLRQ�LV�DQ�LGHDO�WRRO�
IRU�WKLV��
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7KH�QHXWURQ�GLIIUDFWLRQ�GDWD�XVHG�WR�DQDO\VH�
UHVLGXDO� VWUHVV� ZHUH� UHFRUGHG� IURP� WKH�
(QJLQH�;� GLIIUDFWRPHWHU� DW� ,6,6�1HXWURQ� 	�
0XRQ�6RXUFH��8.���

)LJXUH����7KH�H[SHULPHQWDO�VHW�XS�RI�(QJLQH�;��

0HDVXUHPHQWV�ZHUH�SHUIRUPHG�RQ�VDPSOHV�
DIWHU�TXHQFKLQJ�� WHPSHULQJ�DQG� OHYHOOLQJ�RI�
WKH�VWHHO�SODWH. 7KH�UHVLGXDO�VWUDLQ�DQG�VWUHVV�
DW�HDFK�PHDVXUHPHQW�GHSWK�ZDV�FDOFXODWHG�
XVLQJ�WKH�EFF�FXELF�FHOO�SDUDPHWHUV�REWDLQHG�
IURP�WKH�FRUUHVSRQGLQJ�QHXWURQ�WLPH�RI�IOLJKW�
GDWD��
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([DPSOHV� RI� PDFUR� VWUHVV� SURILOHV� DUH�
VKRZQ� LQ� )LJXUH� ��� ZKHUH� WKH� TXHQFKHG�
VWDWH� LV� FRPSDUHG� WR� WKH� ����&� WHPSHUHG�
VDPSOH��

)LJXUH� ��� 6WUHVV� GLDJUDPV� ZLWK� VWUHVV� LQ� 03D� YV�
VDPSOLQJ�GHSWK��

7KH� UHVLGXDO� VWUHVV� OHYHOV�DQG� WKH� WKURXJK�
SODWH� VWUHVV� SURILOH� FKDQJHG� EHWZHHQ� WKH�
GLIIHUHQW� SURFHVV� VWHSV� DQG� ERWK� OHYHOOLQJ�
DQG� WHPSHULQJ� UHGXFHG� WKH�VWUHVVHV� LQ� WKH�
SODWH�� 7KH� UHVXOWV� QHHG� WR� EH� IXUWKHU�
DQDO\]HG�VLQFH� WKH�VWUHVVHV�GLIIHU�EHWZHHQ�
WKH�WRS�DQG�ERWWRP�VLGH�RI�WKH�SODWH�DQG�WKH�
UHDVRQ�IRU�WKLV�QHHGV�WR�EH�FODULILHG��

    “For SSAB it is important to see the 
evolution of the residual stresses in the 
production route and further to develop steel 
with higher resistance to hydrogen 
embrittlement. Also important is the aspect of 
sharing the possibilities with neutron 
diffraction within the R&D function 
throughout the company.” /Torbjörn Narström, 
SSAB Special Steels 
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