
˺˼˻

 

Ê+'* T'M)^ËZ\- #TËZ� )�{`!V �{ .�g- {�!-YYK*>��#ZC¯ �)222(
5&Y�`¯ É|Æ$ 1

Ã|'°q 
�ZÌ¿d�Y IZ�Y�y f&Z� !] d$ÁZm$ Á 5-H� ÉZÅ 5³ˆ&Á c#GB$ NÌ¯�  VÉ��ÁZ�¯ �Y']Y �Å �{ ~��$ {�#$ Ã{Z$ 52Ì¿Z2$ .

|&Z?¿ 5$ Z;&Y ZÅ 5³ˆ&Á +&Y {Z(&Y É Y�] 5?Æ$ fm¿ 5 �Y�Z )ZÌG?� .!� 5�&Z� {�2G?� 56Ì] fÌa Á !`&Zm$ fÅÁˆa +&Y ~|Å

d�Y Ã{#] É��ÁZ�¯ �Y']Y ÉY�] Ã|� !ÌJ#  {t#M.+]�¯ �a {t#M µ#?*$ �#_ !]~0/70%C) ( +jÁ� �{ I|� „¿Y#¯ !B�YÁ !] !¯

 {Á|Z 5-H� !] d;¿ Z&38-45 HRC ÉY�Y{ Á d;� 5GÌy ÉZÅ +Ì$� �{ Z$Y {�Y{ É��ÁZ�¯ �Y']Y ÉY�] 5]#y Ã{Z;-�Y {�#$ V|��]

 {Á|Z �-�Ì] 5-H� !] Ã'&� †6� Á †6�45-52 HRC f&Z� !] d$ÁZm$ �Y']Y Z  d�Y �ZÌ¿ !¿#³ +&Y ÉY�] š|�Z] !-�Y{ 5]#y

e�#-$ +]�¯ Z] {t#M �Y Ã{Z;-�Y VZÅ{�]�Z¯ ){Á|Z~0/30%C (d�Y Ã|� !ÌJ#  �#] Z& UÁ�¯ �JZ6� z¯ �&{Zm$ Z] .fÅÁˆa +&Y �{
|� !`&Zm$ �,&|2& Z] f&Z� f&Z$�d FG-H$ lÁ� Á{ !] {t#M !� +&Y 5�&Z� d$ÁZm$ .Á |&{�³ +ÌÌ*  N�Z6$ ÉZÅ�Z-yZ� '&�

 VZÅ [`&{ Lu$ É��ÁZ�¯ �Y']Y ÉY�] VZÅ Id 52Ì¿Z2$ ÉZÅ 5³ˆ&Á �,&{ Á 5]B� 5-H� �Ìiƒ Z] �Ì³ �{ ÉY'mY �&Z� Á ZÅ µ'Ì7 
>&�_ �Y !¯ Id 5mÌmZ �Y|m$ Z] Á 56Ì] fÌa 5(&�|  f&Z� �iY �{ U�m fÅZ¯ V{t#M �Å ÉY�] šdM�³ �Y�D !EZ{$ {�#$ \Zy

|&{�³ !`&Zm$ |� +ÌÌ*  f&Z$�d .…&Z-¿ �Y 5C�Z6$ "#GH$ Z& d&'6 �Z$ |&Z] É��ÁZ�¯ �Y']Y ÉY�] N�Z6$ �Z-yZ� '&� !¯ {Y{ IZ�¿ 
+]�¯ �a {t#M !] dC`¿ �Y{ UÁ�¯ Á �Y{�#] {t#M Á{ �Å š|6�Z] !-�Y{ Y� U�t f&Z� !] d$ÁZm$ Á 5-H� Z  |�Z] |Ì]�Z¯ Á d&'6 �Z$

Á �{ Vf&Z� !] d$ÁZm$ Á 5-H� ÉZÅ 5³ˆ&-�Y{ É�-Æ] {�2G?� 5�&Z� d$ÁZm$ +Ì?H  ÉY�] Ã|� !vY�Y 5OZ&� É#,WY š|6

 É�Y|m$ Y� f&Z� Ã|� !vY�Y É#,WY šd�Y{ |ÅY#y 5By !GJZM �Å ÉY�] Y� U�m fÅZ¯ +Ì?H  5&Z¿Y#  Vf&Z$�d {�#$ ÉZÅ{t#M

 Id �Y Ã{Z;-�Y {#?¿ 56Ì] fÌa Y� � �Y{ IZ6Ì?_Y dWZZ I#7 5WÁ {Y{ IZ�¿ Ã|� É�Ì³ Ã�Y|¿Y �&{Zm$ �Y fÌ]|�Z  5$ !ÌJ#  L]ZD.

ÃYY# |'N¯ :f&Z� 5-H� V�Y{ UÁ�¯ {t#M V�Y{ �#] {t#M V+]�¯ �a {t#M VIZ�Y�y 
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|�Z] 5$ eC �$ {#� 5$ {Z(&Y \Zy �{ �Y']Y d¯�Z �iY �{ !¯ 5�&Z� !] ‚Z�Z�Y É��ÁZ�¯ �Y']Y �?� .+Ì] L]Zm-$ f6¯ �iY �{ f&Z�

f&Z� V|&d 5$ {#m#] �Y']Y nB� Á \Zy !m�{ Vd��� V�Z¯ �Y|m$ |6¿Z$ FG-H$ L$Y#� !] Á |�Z] 5?¿ Ã{Z$ 5 YY 5³ˆ&Á [& 
{�Y{ 5,-`] eÌ]$ e&Y�� Á 5m�Zy {Y#$ {#mÁ V5-H� V)�Y�Z]6.[VZÅ�Z-yZ�'&� V5&ZÆ¿ 5-H� XZ�Y �] |&Z] N�Z6$ Ã{Z$ cZH-¿Y

|�Z] Id 5�&Z� d$ÁZm$ Á 52Ì¿Z2$ ÉZÅ 5³ˆ&Á .µZu$ �#_ !] :VÉ��ÁZ�¯ [`&{ +]�¯�a Z] {t#M �Y !x¿Z67~0/70%C) (!ÌÆ 

 5-H� !¯ É�#_ !] {#� {�� q&�� d;¿ Z& +jÁ� �{ V5 �Y�Z )ZÌG?� �Y %a Á38-45 HRC \Zy ÉY�] |�Z] !-�Y{ Y� 
5-H� !¯ VÃ|6&Z� Á d;� 5GÌy ÉZÅ \Zy 5BÌ]$ e&Y�� �{ Ã{Z;-�Y ÉY�] {t#M +Ì?Å 5WÁ |�Z] 5$ N�Z6$ É��ÁZ�¯ µ#?*$

){Á|Z45-52HRC (!¯ +]�¯ e�#-$ {t#M �Y IY#  5$ V{�Y#$ +&Y �{ š|�Z] 5?¿ N�Z6$ d�Y �ZÌ¿ �-�Ì] f&Z� !] d$ÁZm$ Á
!] d$ÁZm$ Á 52Ì¿Z2$ c#GB$ ÉZÅ 5³ˆ&Á 5 �Y�Z )ZÌG?� Z] Á {�¯ Ã{Z;-�Y |�Z] Ã|� Ã{Á'MY �#] Z& UÁ�¯ É€ZÌWd �JZ6� Id !]

{�¯ {Z(&Y ZÅ Id �{ Y� N�Z6$ f&Z� .Å 5³ˆ&Á |6¿Z$ É��ÁZ�¯ �Y']Y �{ Ã{Z;-�Y ÉY�] �Y{�#] Z& �Y{ UÁ�¯ {t#M �{ c#GB$ É Z

V[`&{ Z& +jÁ� ÉZm !] cd �{ I{�¯ „¿Y#¯ >&�_ �Y !¯ N�Z6$ 5 �Y�Z )ZÌG?� �iY �{ \Zy Á ÃZÌ³ Z] eC �$ ÉY'mY �&Z� Á µ'Ì7 
|� |ÅY#y {Z(&Y {#� 5$ LJZZ d;¿]1.[
{Z(&Y �Y']Y nB� �{ \Zy !¯ 5�&Z�d�Y IZ�Y�y f&Z� |6¯ 5$]12.[ÃY�?Å A#B� Z& nB� 5C`¿ d¯�Z �iY �{ IZ�Y�y f&Z�

 Á{ f&Z� @#¿ Á{ !] NÌ �  !] A#B� +Ì] �{ {Y�d Ã|6&Z� )Y�Y �#hZ Z& �#hZ U|� N`Z �] Á {#� 5$ {Z(&Y Ã|6&Z� )Y�Y Z]
5?`m15?`m !� Á2d�Y Ã|� zÌ`m  .� ÉZÅ 5³|$d�] {#mÁ �iY �{ 5?`m Á{ f&Z� VXZ?  �{ nB� Á{ Z& [& ÉÁ� �] dH

 |¿�Y{ 5¿Y�Á{ Z& 5�':W d¯�Z VXZ?  �{ A#B� +Ì] {Y�d �#_ !] Ã|6&Z� dH� )Y�Y 5?`m !� f&Z� �{ Á {{�³ 5$ {Z(&Y]5.[
f&Z� |&Z?¿ 5$ d¯�Z 56� \Zy !¯ 5¿Z$� Á 5?`m Á{ f&Z� |6¯ 5$ d¯�Z c#_�$ 5�� \Zy ��Á \Zy �Y']Y ÉÁ� �] 5-DÁ

 5$ 5?`m !� {�#$ ÉZÅ {t#M d�Y 5?`m !� zÅ Á Á{ zÅ ��Á \Zy �Y']Y ÉÁ� �] \Zy d¯�Z I#m 5G¯ dWZZ �{ š|�Z]

|¿Y !-M�³ �Y�D 5���] {�#$ IZ�Y�y f&Z� @#¿ Á{ �Å �{ fÅÁˆa +&Y �{ f&Z$�d .

ZÅ a#� # {Y!- 
d�Y Ã|� !ÌJ#  É��ÁZ�¯ �Y']Y ÉY�] ZÅ Id �Y Ã{Z;-�Y !¯ {t#M !� VfÅÁˆa +&Y �{]1[É�-$#-¿Y#¯ Z] ZÅ Id NÌ¯�  Á cZH-¿Y 

|� 3H�$ .�Y |¿ #] )�ZC� ZÅ{t#M +&Y :Z] {t#M7/0Z] {t#M V+]�¯ |J �{ 3/0{Á Z Á +]�¯ |J �{003/0Á �#] |J �{
Z] {t#M3/0{Á|Z Á +]�¯ |J �{ 40/0ZÌWd �JZ6� {#mÁ �iY !`&Zm$ �#E6$ !] +Ì6x?Å š|¿{#] UÁ�¯ |J �{ t#M [& VÉˆ Ã{Z� {
e�#-$)3/0|J �{ (dM�³ �Y�D f&Z$�d {�#$ 'Ì¿ +]�¯ .5&ZmWY ÉZÅ Ã�#¯ �{ Ã|6�Á�M �E¿ �ZÆ^Y >C_ �Y{ UÁ�¯ Á �#] ÉZÅ{t#M

|¿{#] Ã|� |ÌW#  5ÅZ,�&Z$�d .Ã�Y|³ ÉZÅ †&{ !] UÁ�¯ Á �#] ÉZÅ€ZÌWd '&� ÉY25{{�  !ÌÆ  f?� Z  {#� 5$ !MZOY 5$�³ #GÌ¯ 
ÌG?� ZÅ f?� ÉÁ� %p�U�³ {�#¿ )Z3{#� 5$ UZ(¿Y .!¿#?¿ |¿|  !ÌÆ  ZÅ f?� �Y f&Z$�d ÉZÅ .ÉZ${ �{ ZÅ !¿#?¿900!m�{ 

!-Ì6-�d {Y�³ 5-¿Z�4Ã|� dHa �Z] d&'6 �Z$ �Z-yZ� '&� {Z(&Y Á Ã|¿Z$ 5DZ] ÉZÅ�Z�M ~9Z ÉY�] Á |¿|� 5|¿|&{�³ dHa �Z] V.!]

+]�¯ �a {t#M �{ N�Z6$ �Z-yZ� '&� {Z(&Y �#E6$ �Y %p� �Y{ UÁ�¯ Á �Y{ �#] {t#M Á{ �{ Á +jÁ� �{ „¿Y#¯ �Y %a dHa�Z] )ZÌG?� 
|� UZ(¿Y cd �{ „¿Y#¯]2.[5]B� 5-H� !] I|Ì�� Á Ã|� dHa �Z] d&'6 �Z$ �Z-yZ� '&� {Z(&Y 5 �Y�Z )ZÌG?� �Y ~|Å)HRC 

45-52 (+]�¯ �a {t#M �{ Á �Y{�#] {t#M Á �Y{ UÁ�¯ {t#M �{HRC)  38-45 ({#] .NÌ¯�  !] LJZZ ÉZÅ�ZM 5?(Z |J�{

{�Y{ 5,-`] I{�¯ {�� d��� Á Ã|66¯ {�� Ã{Z$ )�Y�Z !m�{ V 5&ZÌ?Ì�]9.[>C_ ZÅ !¿#?¿ V{t#M �Å �Z-yZ� '&� 5���] ÉY�]

{�Y|¿Z-�Y ASTM E3-1995 µZ-Ì¿ µ#G]$ �{ Á |¿|� Ã{Z$d 62%–Y V7|¿|� .f&Z$�d d$ÁZm$ ÉZÅ 5?`m !� f&Z� !]

 >C_ {�Y|¿Z-�YASTM G105-1989c#_�$ \Zy Á 52Ì-�t ‘�7 ÃZ,-�{ �{]10[f&Z$�d ÁÁ{ f&Z� !] d$ÁZm$ ÉZÅ

 
1 Two Body Abrasive Wear 

2 Three Body Abrasive Wear 
3 Hot Roll 

4 Austenite 
5 Tempered Martensite 

6 Nital 
7Etch 
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 {�Y|¿Z-�Y >C_ 5?`mASTM G132-1996[`&{ ÉÁ� !GÌ$ ÃZ,-�{ �{ 1]11[|� UZ(¿Y .V5�&Z� d$ÁZm$ !`&Zm$ ÉY�]

¯ !] 56]�¯ Ã{Z� ÉZÅ {t#M U�m fÅZ¯ dC`¿ �Y )�ZC� !¯ 5C`¿ f&Z� {#] f&Z$�d {�#$ ÉZÅ {t#M �Y [& �Å �{ U�m fÅZ

|� !C�Z]$.
c"* # dËZ0¿ 

BlY :ÊexË# >�Z0yZ� KË� # Ê°'¿Z°- >ZÅ 
5³ˆ&Á zÌG`  d$ÁZm$ VnB� 5-H� L$Z� {t#M �Å 52Ì¿Z2$ ÉZÅ25&ZÆ¿ 5��¯ d$ÁZm$ V35³|Ì�¯ |J�{ V4!] d$ÁZm$ Á
!]�O55a�Z� lÁ� !] 6µÁ|m �{ +ÌÌ*  1Ã{Y{ IZ�¿ 5³ˆ&Á �Å c#GB$ �&{Zm$ µÁ|m +&Y �{ +Ì6x?Å šd�Y Ã|� ÉY�] 

d�Y Ã|� Ã{�Ád É��ÁZ�¯ �Y']Y]12.[
µ#|11:TËZ-�? {�!- >ZÅ {`!V # >��# ­Zy �YK*Y >Y�* j!N%- Ê°'¿Z°- >ZÅ ÊexË# 

Ê°'¿Z°- ÊexË# 
�Ë{Z\- 
j!N%- 

{`!V 
s�!0- 
5*�¯ 

{`!V
�M
5*�¯

{`!V
�Y{ �!*

{`!V 
�Y{ G#�¯

ÊËZ[¿ Ê0O� 
(HRC) 

45-52 41/0 44/847/649/0 

ÊËZ[¿ ÊCC¯ d-#Z\-
(Mpa) 

1370-15701355 153714901543 

q'N^( d-#Z\- 
(Mpa) 

1170-13701172 139712921249 

µ!_ {ZË{�Y|3�{ 
(50mmGL) 

3-7 6/08 3/705/103/91 

)*�y )* d-#Z\- 
)zZ(Y >Z-{ �{(

(Nm) 

 9/81 19/42 5/2034/8111/28 

!¯ dM�³ !(Ì-¿ IY#  5$ c#GB$ �&{Zm$ Z] Ã|� É�Ì³ Ã�Y|¿Y �&{Zm$ !`&Zm$ Z] :d$ÁZm$ Á 5-H� LÌW{ !] +]�¯ e�#-$ {t#M

 zÌG`  d$ÁZm$ V5��  ̄d$ÁZm$ !6Ì�Ì] VnB� 5-H� V +]�¯ �a {t#M šd`Ì¿ N�Z6$ ��Á \Zy �Y']Y Ã{Z;-�Y ÉY�] z¯ 5��¯

�ZÌ¿ {�#$ |Z �{ V5³|Ì�¯ |J �{ÉZÅ 5³ˆ&Á �Y{ UÁ�¯ Á �Y{�#] ÉZÅ{t#M Á d�Y z¯ {t#M +&Y !]�O !] d$ÁZm$ 5WÁ {�Y{ 
|6�Z] 5$ Y�Y{ Y� U�t .

ZÌWd �JZ6� {#mÁ �iY �] ZÅ {t#M +&Y É�&9a 5-H� f&Y'MY LÌW{ !] V�Y{ UÁ�¯ Á �Y{�#] ÉZÅ{t#M 5-H� I{#] �-�Ì] Á �#] Éˆ

 UÁ�¯]2[q&�� I|� {�� †6Åd Á{#] cd �{ „¿Y#¯ �iY �] �  .{t#M ÉY�] cd �{ q&�� I{�¯ {�� �iY �{ LJZZ 5-H�

 NÌ �  !] �Y{ UÁ�¯ {t#M Á �Y{ �#] {t#M V+]�¯ �a {t#M V+]�¯ e�#-$ HRC 3/45V4/48V2/50Á0/51{#] .�Z-yZ� '&�

5$ LJZZ cd �{ „¿Y#¯ e&Y�� �{ ‚t#?*$ !¯ {t#M Y š|�Z] 5$ d&'6 �Z$ {#� {t#M +]�¯ �Y|m$ !] d&'6 �Z$ ÉZÅ 5³ˆ&Á NGj

5$ Y� d&'6 �Z$ 5&ZÆ¿ )ZÌJ#�y Á {�Y{ 5,-`] V{t#M 5&ZÌ?Ì� NÌ¯�  Á 5 �Y�Z )ZÌG?� iy�7 i6ÌÆ] NÌ¯�  >&�_ �Y IY# 

 
1 Pin on Disc Machine 

2 Yield Strength 
3 Ultimate Tensile Strength 

4 Elongation 
5 Impact Strength 

6 Charpy 
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{#?¿ +ÌÌ* ]2.[Ã|¿Z$ 5DZ] ÉZÅ f6  fÅZ¯ Z& Á I{�] +Ì] �Y �#E6$ !]1dHa�Z] )ZÌG?� !] �ZÌ¿ 5,$�m7 f&Y'MY Á2�{ 
d�Y Ã|� d&'6 �Z$ {t#M]5.[dHa�Z] )ZÌG?� �iY �{:Id UZ(¿Y 5WÁ |]Z& 5$ fÅZ¯ f&Z� !] d$ÁZm$ Á UZ2]-�Y V5-H�

d�Y É�Á�O .lÁ� ZÆ6  V{#� 5$ LJZZ {t#M �{ dHa�Z] )ZÌG?� �Y %a !¯ 5-H� {#CÆ] ÉY�] !¯ d�Y 5 �Y�Z )ZÌG?�

 !] 5]ZÌ-�{ �#E6$ !] Á {t#M 52Ì-�tY y{Á|]$Z >GB$ 5-H� LDY|Z 5$ N�Z6$ Vc#GB$ >?� |�Z]9.[
L2� �{15&Z?¿ ±�'] Z] +]�¯ e�#-$ Á +]�¯ �a {t#M �Z-yZ� '&� 20d�Y Ã|� Ã{Y{ IZ�¿ �Y'Å .L2�1IZ�¿ FWY 

5$ Á {#� 5$ !EZ{$ †¿� |Ì;� �ZM )�#J !] 5*?(  d&�M VL2� �{ Á  Ã|�¿ UZ(¿Y d&'6 �Z$ L$Z¯ !&'(  !¯ |Å{

 L2� �{1|�Z] 5$ 3H�$ Ã|� dHa�Z] d&'6 �Z$ ÉZÅ�ZM c.Á d&�M �Z-yZ� '&� Vcd �{ „¿Y#¯ �Y |*] +]�¯ e�#-$ {t#M

d�Y{ d&'6 �Z$ .|¿{#] Ã{Y{ �ÌÌ:  Vd&'6 �Z$ Á |Ì]�Z¯ !] Y� ZÅ�Z-yZ� '&� VUÁ�¯ Á �#] ÉZÅ€ZÌWd '&� I{�¯ !MZOY .I{�¯ !MZOY

 NC� V{t#M !] z¯ �Y|m$ !] �#] Á |6¯ Y|Ìa NWZj �Z-yZ� '&� IY#6� !] 5-&'6 �Z$ �Z-yZ� '&� V„¿Y#¯ )ZÌG?� �Y |*] !¯ {#] Ã|�

{{�³ L&|C  |Ì]�Z¯ Á d&�M !] d&'6 �Z$ �Y É�Y|m$ dHa�Z] )ZÌG?� �{)L2�2FWY .()Z];J {#mÁ V �Y{ UÁ�¯ {t#M �{
|� Ã|ÅZ�$ d&'6 �Z$ �ZM IZÌ$ �{ +Åd |Ì]�Z¯ �Y 5¯�Z¿)L2�2c(.|�Z] 5$ {Z&� 5WZ,7 Z] 5&Z(]Z¿ Ã|6Å{ IZ�¿ Ã�Ì  5ZY#¿

!¿#?¿ �{ ZÅ Id {#mÁ !¯ 5$ �ZE-¿Y Ã|� dHa�Z] Á „¿Y#¯ ÉZÅ {Á�.

1 Residual Stress 
2 Tempering 
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¶°�1:ÊËZ¼  {�K* Z* Ã|� dOM�Z* # |¿Y!¯ {`!V �Z0yZ� KË�20�YKÅ .BlY :{`!V3/0�Z0yZ� KË� }5*�¯ |3 �{ 
# Ã|� dOM�Z* dËK+(�Z-dË�V .j:{`!V7/0Ã|� dOM�Z* dËK+(�Z- �Z0yZ� KË� }5*�¯ |3 �{ .

¶°�2:ÊËZ¼¿ {�K* Z* Ã|� dOM�Z* # |¿Y!¯ {`!V �Z0yZ� KË�15�YKÅ .BlY :dOM�Z* dËK+(�Z- �Z0yZ� KË� }�Y{ �!* {`!V
KË� |'*�Z¯ # Ã|�)>!\Nu .(j:Z¿ d'0¿Z¼� �Z0yZ� KË� }�Y{ G#�¯ {`!VÃ|� dOM�Z* dËK+(�Z- # >Y )"¨3 ­�.

j:ÊexË# d-#Z\- >ZÅ)*D? Ê+'* T'M # TËZ� 
5���] !`&Zm$ ÉZÅ 5³ˆ&Á �Y{ UÁ�¯ {t#M zÅ Á �Y{ #] {t#M zÅ !¯ {#?¿ �Z2�d ÉY !] dC`¿ É�-Æ] f&Z� !] d$ÁZm$ 

5$ IZ�¿ 56]�¯ Ã{Z� ÉZÅ{t#M |6Å{ .5?`m !� IZ�Y�y f&Z� f&Z$�d �{)|¿Z-�Y {�Y ASTM-G105(!] d$ÁZm$ 
NÌ �  !] +]�¯ e�#-$ {t#M !] dC`¿ �Y{ UÁ�¯ Á �Y{�#] {t#M ÉY�] f&Z�5/2Á53/2!] +]�¯ �a {t#M !] dC`¿ Á �]Y�] 

NÌ � 10/1Á11/1�]Y  {#] )L2�3(.V +]�¯ �a {t#M f&Z� !] d$ÁZm$ +Ì6x?Å 2/28 e�#-$ {t#M �Y �-�Ì] �]Y�] 
+]�¯{#] .
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¶°�3:5*�¯ �M # 5*�¯ q¯ {`!V )* d]^¿ TËZ-�? {�!- >ZÅ {`!V Ê¼^1 )� DZ�Y�y TËZ� )* d-#Z\- )^ËZ\-.
5?`m Á{ IZ�Y�y f&Z� f&Z$�d �{){�Y|¿Z-�YASTM-G99 (�Y{�#] {t#M ÉY�] f&Z� !] d$ÁZm$ 3H�$ �#_ !] 'Ì¿

#-$ Á +]�¯ �a {t#M !] dC`¿ �Y{ UÁ�¯ Á{#] �-�Ì] +]�¯ e� .L2� �{4Ã|� Ã{Y{ IZ�¿ ZÅ{t#M 5C`¿ f&Z� !] d$ÁZm$ 
d�Y .NÌ �  !] +]�¯ e�#-$ {t#M !] dC`¿ �Y{ UÁ�¯ Á �Y{�#] {t#M f&Z� !] d$ÁZm$ f&Z$�d +&Y �{9/4Á2/5Á �]  

NÌ �  !] {Z&� +]�¯ Z] {t#M !] dC`¿6/1Á7/1�]Y�] #M f&Z� !] d$ÁZm$ ÁV +]�¯ �a {t 3e�#-$ {t#M �Y �-�Ì] �]Y�] 
{#] +]�¯ .

¶°�4:DZ�Y�y TËZ� )* d-#Z\- )^ËZ\- #{5*�¯ �M # 5*�¯ q¯ {`!V )* d]^¿ TËZ-�? {�!- >ZÅ {`!V Ê¼^1.
{#] Ã|� Ã|Ì&Z� )Y�Y É�Ád q?m IZ2$Y !¯ 5?`m Á{ f&Z� f&Z$�d �{šFG-H$ 5By LJY#M �{VÌ&Z� )Y�Y Á Y|  Ã|� Ã|

|6-M�³ �Y�D 5���] {�#$ Ã�Y|¿Y �E¿ �Y.L2� �{5Id 5¿YÁY�M |J �{ N`Z �] {t#M �ZÆ7 �Å Ã|� Ã|Ì&Z� )Y�Y Ã�Y|¿Y q&�#  
{#� 5$ !EZ{$ )ÁZ;-$ 5By !GJZM Á{ �{ ZÅ .L2� �{ !x¿Z6755By iGJZM �{ d�Y Ã|� Ã{Y{ IZ�¿ FWY km25/1

Å ÉY�] 5�&Z� )Y�Y �BD +&�-�Ì] f&Z$�d {�#$ {t#M i¿#?¿ �ZÆ7 �m20]{#š5By iGJZM �{ 5WÁ km5�BD +&�-�Ì]

 5�&Z� )Y�Y �Y{ UÁ�¯ {t#M ÉY�]m20�Y{ �#] Vm30+]�¯ �a {t#M Vm40+]�¯ e�#-$ {t#M Ám50
{#])L2�5c.(
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¶°�5:� Ã|'ËZ� 4Y�k Ã�Y|¿Y Ê¿Y#Y�V |3 �{TËZ-�? {�!- >ZÅ{`!V �{ Ã| .BlY :Ê%y )N3ZV �{km25/1.j:)N3ZV �{
Ê%ykm5.

µÁ|m �{2LJY#M �{ Ã|� Ã|Ì&Z� nB� y|� É�Ì³ Ã�Y|¿Y 5-H� km25/1V5/2V75/3Á5f&Z$�d {�#$ {t#M �ZÆ7 �Å ÉY�] 
d�Y Ã|� l�Y'³ .
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 µ#|12:[q �{ TËZ-�? µ!_ �{ TËZ-�? {�!- >ZÅ{`!V $%� Ê0O�4#Z¨0- Ê%y dVZ^- �Z 

Ã|� Ê_ dVZ^-Ê0O�(HRC) 

(km) 
{`!V 

5*�¯ s�!0-
{`!V 
5*�¯ �M

{`!V 
�Y{ �!*

{`!V 
�Y{ G#�¯

1/25 39/39 42/75 46/97 47/67 

50/298/4181/4595/4869/51

75/302/4303/4881/5267/54

5/00 38/98 44/98 52/10 53/96 

$ !EZ{$ µÁ|m !] !m#  Z]d�  !-MZ& fÅZ¯ %p� Á f&Y'MY 5-H� Y|-]Y {t#M �ZÆ7 �Å �{ !¯ {#� 5.!ÌWÁY f&Y'MY LÌW{

5-H� �Z¯ �Ìiƒ  LÌW{ !] V5-H�15$ |�Z]]8[dH� {Y#$ Z] f&Z$�d {�#$ {t#M UÁY|$ {�#y�] �iY �{ !¯ 5$ LJZZ V�  {{�³ .LÌW{

-³�'] )Y�Y LÌ2�  |¿Y#  5$ !ÌWÁY f&Y'MY �Y %a 5-H� fÅZ¯y|� Z(]Zm 5By iGJZM �{ �É€�¿Y fÅZ¯ NC� !¯ �-�Ì] 
!&t {#� 5$ ÉY |�Z] .5$ IZ�¿ @#O#$ +&Y ÉZÅ {t#M �{ Á d�Y Ã{Z-MY |Z; Y z¯ f&Z� Y|-]Y +Ì*$ 5By !GJZM [& Z  !¯ |Å{

 Ã�Y|¿Y Z  Ã|� Ã|Ì`¯Y [7#¯ )Y�Y L$Z� !-MZ& f&Z� )Y�Y �Y{�#] Á �Y{ UÁ�¯m105$M �{ Á |�Z]5By !GJZkm5+&Y V
Ã�Y|¿Y Ã{Á|]$ �{ É'GM ±�'] )Y�Y L$Z� 5�&Z� )Y�Y 10 mZ 305$ Ã|� |Ì` Ȳ )Y�Y Z] Ã Y ?Å |�Z] .�{ 5WY#-$ fÅZ¯

 É'GM )Y�Y LÌ2�  iGZ�$ �{ Á !ÌWÁY LZY�$ �{ !¯ Ã|� |Ì` Ȳ \�Z¿ ÉZÅ !&t I|� !-`2� �iY �{ d�Y +2?$ V5-H� �Y|m$

|&|� f&Z� NC� !¯ ±�']5$|�Z] |¿{�³]8.[
L2� �{65By !GJZM�{ NÌ �  !] +]�¯ e�#-$ {t#M )Y�Y Ã�Y|¿Y �&#�  km25/1V5/2Á5d�Y Ã|� Ã{Y{ IZ�¿ .L2� �{6

É|Ì`¯Y )Y�Y !¯ |6-`Å Ã|Ì�¯ Z& Á {�³ ‚ZC&�m  L2� !] Á � [7#¯ 5�&Z� )Y�Y FWY){�Y{ {#mÁ 'GM 5]B� !&t �{ !¯ (5$

L2� �{ š|6�Z]6L2� �{ š|6�Z] 5$ É'GM )Y�Y �  ±�'] )Y�Y Á |Ì`¯Y )Y�Y V[7#¯ 5�&Z� )Y�Y c6dWZZ 5�&Z� )Y�Y •
|6�Z] 5$ 'GM )Y�Y emM Á |¿�Y{ 5*?(  .

1 Work Hardening 
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¶°�6:BlY BN0O- Ê%y ¶3Y!V �{ 5*�¯ s�!0- {`!V ÊCËZ� 4Y�k Ã�Y|¿Y :)N3ZV �{25/1�0-!N'¯ .j:)N3ZV �{5/2
�0-!N'¯ .m:)N3ZV �{5�0-!N'¯ .

|6¿Z$ FG-H$ +Ìmm]$ |Ì&ƒ  {�#$ !¯ 5]�(  µ#$�M XZ�Y �]�ÅZ³ UÁ�1d�Y Ã{#]]13[�{ Ã|� 5_ dMZ`$ Á nB� 5-H� +Ì]

|� +ÌÌ*  �&� 5OZ&� e]YÁ� 5?`m Á{ IZ�Y�y f&Z� f&Z$�d .d�  �&� �Y�D !] 5]�(  !B]Y�:
)1(

|#M !B]Y� �{:QVf&Z� �iY �{ !-MZ& fÅZ¯ U�m VU�³ N`Z �]W{�#$ !¿#?¿ ÉÁ� �] Ã|� {�YÁ I�Á �Y|m$ V+ #Ì¿ N`Z �]

Vf&Z$�ddV�BD V�-$ 5GÌ$ N`Z �]SVÃ|� 5_ 5By !GJZM V�-$#GÌ¯ N`Z �]H��2&Á N`Z �] 5-H� 2ÁKd]Zi N&�O 
�Y|m$ {�Y#$ �-�Ì] �{ !¯ d�Y �Y �  z¯ Id1/0|�Z  5$ ]8.[�Y m$Kˆa +&Y �{�]Y�] fÅ#× 10 -3 2/33|� !C�Z]$ .�Y|m$

 Ã|� Ã|Ì&Z� nB� 5-H�)H(3H�$ dMZ`$ 5_ �Y %a)S(|� Ã{� +Ì?H  �&� e]YÁ� �Y.
FWY :�a {t#M +]�¯H = -0/12S4 + 0/9417S3 – 2/295S2 +4/4433S +37/43 

1Zumgahr 
2 Vickers 

H
KWdSQ 



˺̊˺

c:�Y{ �#] {t#MH= 0/001S4 -/0345S3 + 0/19896S2 + 1/7228S+39/274 
•:�Y{ UÁ�¯ {t#MH = 0/0065S4 – 0/1749S3 + 1/3788S2 – 1/7376S + 42/733 

L2� �{7$ �#_ !] !¯ É�&{Zm$ Z] |#M e]YÁ� e�#  56Ì?H  �&{Zm$ !`&Zm$ |� É�Ì³ Ã�Y|¿Y 5-H� f&Z$�d ÃZ,-�{ Z] zÌm-`

d�Y Ã|&{�³ .fÌa +]�¯ e�#-$ {t#M ÉY�] |�  +2?$ V!ÌWÁY {Z&� f&Z� LÌW{ !] |#M µ#$�M XZ�Y �] f&Z� �Y|m$ 56Ì].
fÌa 5$�m fÅZ¯ +Ì] ~{-yY œ5By !GJZM ÉY�] 5]�(  …&Z-¿ Z] Ã|� 56Ì]5/2Z 5L2� �{ �-$#GÌ¯ 7{Y{ IZ�¿ šd�Y Ã|� Ã
+]�¯ �a {t#M ÉY�] ~{-yY +&Y1Z 13�Y{�#] {t#M ÉY�] V|J �{28-5/1�Y{ UÁ�¯ {t#M ÉY�] Á |J �{ 40-10{#] |J �{.

|6-�Y{ É�-?¯ ~{-yY Ã|� É�Ì³ Ã�Y|¿Y �&{Zm$ Z] �Y{ UÁ�¯ {t#M !] dC`¿ �Y{ �#] {t#M Á +]�¯ �a {t#M �{ 56Ì?H  ÉZÅ µ#$�M .
#] {t#M �Y fÌ] 5By !GJZM ÉY�] �Y{ �75/3�-$#GÌ¯ 5/1Z 6/85By !GJZM +&Y �{ �Y{ UÁ�¯ {t#M Á |J �{ 10Z 40Z] |J �{ 

|6-�Y{ IZ�¿ ~{-yY Ã|� É�Ì³ Ã�Y|¿Y �&{Zm$ .LÌW{ !] ~{-yY +&Y Z] !`&Zm$ �{ �Y{ UÁ�¯ {t#M �{ !¯ d�Y É�-�Ì] 5-H�

iGJZM �Å �{ �Y{�#] {t#M �$ 5By |� Ã|Å .5By iGJZM �{ !¯ |� !EZ{$ +Ì6x?Å5Ã�Y|¿Y 5$�m fÅZ¯ +Ì] )ÁZ;  V�-$#GÌ¯ 
fÌa Á Ã|� É�Ì³ NÌ �  !] �Y{ UÁ�¯ {t#M Á �Y{�#] {t#M �{ Ã|� 56Ì]28-24Á27-25{#] |J �{ .

V+]�¯ �a {t#M !� �Å VÉ��ÁZ�¯ �Y']Y {�]�Z¯ ÉY�] fÅÁˆa +&Y �Y LJZZ …&Z-¿ XZ�Y �]�#] |6�Z] 5$ N�Z6$ �Y{ UÁ�¯ Á �Y{ .
{t#M VÉ��ÁZ�¯ µ#?*$ ÉZÅ \Zy ÉY�]7/05WÁ d�Y � N�Z6$ �Y�Z] �{ 5¿YÁY�M Á É€ZÌWd �JZ6� +-�Y|¿ LÌW{ !] V+]�¯ |J �{ 
d;� \Zy �{ !¯ 5�&Z� e&Y�� ÉY�] V�Y{�#] Z& Á �Y{ UÁ�¯ +]�¯ e�#-$ ÉZÅ {t#M �Y Ã{Z;-�Y {�Y{ {#mÁ 5,6� Á{ZÆ6�Ìa 

{#� 5$.
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¶°�7:�Y{ G#�¯ # �Y{ �!* A5*�¯ �M >ZÅ{`!V �{ ÊyZË� s*Y#� �Y Ê+'¼O( �Ë{Z\- Z* Ê*� ( dËZ0¿ )^ËZ\-.

# dËZ0¿{Z[+C'M ZÅ:
1.a �Z] Á I{�¯ „¿Y#¯ �Y |*] �Y{ UÁ�¯ {t#M Á �Y{�#] {t#M V +]�¯ �a {t#M 5]Ìm�  ÉZÅ�Z-yZ� '&� Z& d&'6 �Z$ |&Z] dH

|6�Z] !-�Y{ É��ÁZ�¯ �Y']Y ÉY�] Y� N�Z6$ 5-H� Z  |�Z] |Ì]�Z¯ Á d&'6 �Z$ �Y 5C�Z6$ 5CÌ¯�  .
2.+]�¯ e�#-$ {t#M !] �#] Z& UÁ�¯ I{#?¿ !MZOY(~0/30C)5$ {t#M É�&9a dH� f&Y'MY Nm#$ {{�³ .5MZOY 5-H�

LÌW{ !] � cd �{ ZÅ {t#M +&Y I{�¯ „¿Y#¯ IZ2$Y|�Z] 5$ {�.
3.{Z&� +]�¯ +-�Y{ LÌW{ !] +]�¯ �a {t#M �³Y |ÅY#y \�  q&�� {#� „¿Y#¯ cd �{�#y „¿Y#¯ +jÁ� �{ Y� Id |&Z] +&Y �]Z6] {

d�Y{ |ÅY#y 5 Y�h$ d`&� eÌ]$ ÉY�] Á d�Y{ |ÅY#y É�-�Ì] !6&'Å cd �{ „¿Y#¯ !] dC`¿ +jÁ� �{ „¿Y#¯ š{#?¿ .
4.* 5C`¿ �#_ !] f&Z� !] d$ÁZm$ e�#-$ Ã{Z� Á +]�¯�a V�Y{�#] V�Y{ UÁ�¯ {t#M 5C`¿ d$ÁZm$ !¯ É�#_ !] |� +ÌÌ

 NÌ �  !] 5?`m Á{ f&Z� �{ +]�¯2/5V9/4V0/3Á1NÌ �  !] 5?`m !� f&Z� �{ Á53/2V50/2V28/2Á/1{#] .
5³ˆ&Á �Y{�#] Á �Y{ UÁ�¯ {t#M !¯ |� !-M�³ !(Ì-¿ Y9W ?`m Á{ f&Z� �{ zÅ É�-Æ] ÉZÅ 5?`m !� f&Z� �{ zÅ Á 5

dH� ÉZÅ \Zy e&Y�� �{ �Z¯ ÉY�] Y� ZÅ Id �Y Ã{Z;-�Y IY#  5$ LÌW{ +Ì?Å !] |¿�Y{ {#?¿ !ÌJ#  � .
5.V5]�(  …&Z-¿ XZ�Y �]É#,WY [& Vz(Z fÅZ¯ ÉZ6C$ �] 5�&Z� d$ÁZm$ +Ì?H  ÉY�] Vf&Z$�d {�#$ ÉZÅ{t#M �{

|� !vY�Y 5OZ&� .ÅZ¯ +Ì?H  5&Z¿Y#  #,WY +&Yd�Y{ |ÅY#y 5By !GJZM �Å ÉY�] Y� z(Z f.5]�(  …&Z-¿ !`&Zm$ !7 �³Y
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fÌa Y� É�-�Ì] f&Z� É{Á|Z Z  56Ì?H  �&{Zm$ !¯ {Y{ IZ�¿ 56Ì?H  �&{Zm$ Z] 5$ 56Ì] �&{Zm$ !¯ Id LÌW{ !] 5WÁ |6&Z?¿

 ÉY�] IZ6Ì?_Y Z] e]YÁ� +&Y �Y IY#  5$ |6�Z] 5?¿ Ã|� É�Ì³ Ã�Y|¿Y �&{Zm$ �Y � z¯{#?¿ Ã{Z;-�Y f&Z� �Y|m$ +Ì?H.
6.fÅÁˆa +&Y �{ !¯ É�Y{�#] Á �Y{ UÁ�¯ ÉZÅ{t#M �Y {�#$ f&Z$�d6-M�³ �Y�D LÌ] �ÌE¿ !]Z�$ ÉZÅ{�]�Z¯ �{ IY#  5$ |

!:Ì  V52Ì¿Z2$ �ZÌ¿ !¯ \Zy Á ÃZÌ  Z] �Ì³ �{ ÉZÅ�Y']Y �,&{ Á l�] ÉZÅ ÃZ,-�{ VZÅ�62�Y VZÅ !]{Z&� 5�&Z� d$ÁZm$ 
|¿�Y{;-�Y {�¯ Ã{Z.
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