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Ä»|G»:
$�( "Z*] 5$ZAf)Y �nY �$ 5$Z» y.) QfH� Q*] 9Y "YÂF Ê» Y� X#Z) .�$ �V#1-# Z] ,( 1»ZC y.)  $ Q*] Ê&E¿ =(�` �nY �$ X#Z)

Z] Ê» qZ/F1fHY Ê» vZAFY 1À6.SZI �Y!]Y y.) �$ SZI ,( Ê�#Z) Ê» $Ze#Y 9�  =)Y "Z6Y�I X#Z) 1À(]6Y13Y14[.X#Z)
Ê» $Ze#Y 51À#Z) 'Y�g Z] 5Y�/0 ˆÂ.) Z#  y.) Ê&E¿ =(�` �nY �$ "Z6Y�I {� Ê»ZVÀ0 "Z6Y�I X#Z) i#�TF b&a -$Â6

Ê» �Y$ =(�` �V#1-# ,] =&E¿ ,( qZ/F �$ ºEC  $ 9Y ,( 10$=L) Ê-# Y1¿ =L) 'Y�g >Y�Y$ Z#  �F16Z] �F]9[.X#Z) �nY �$
=L) 5$Z» ,d*)Â] 5$Z» h# y.) "Z6Y�I Ê» t#�LF �F$Â6 ]3[SZI �Y!]Y X#Z) �$=L) 5$Z» SZI Y9�  Ê» �FZ]t#�LF  16

 �Y!]Y y.) �$)>$]ÂH (Ê» '�Â[ $�*³.O 1C �$1» >Z0�ZfIZ) !#� Z] 51À#Z) 5$Z» 1Àr ÊfL) qZ*+» tE` �] $]ÂH idfL
=)Y 516 N�Y!³ 9�-#  .

O 1C1:9�-#  ÊfL) tE` �] idfL» �ZfIZ) !#� Z] $]ÂH  51À#Z) $YÂ» 9Y >$Y1TF ÊfL) 
ÊfL))(   

    
�ZfIZ) !#�$]ÂH 

ÊfL))(   
    

51À#Z) $YÂ» 

4600-3000 =*·�a)>uZ*·:( 20000-18000 ZÀ*»Â·:)_ 1¿�((
3200-2500 a=*·�)5$Z) ÊÀ]�(( 100000-60000 YqZ/· 
2000-700 =#�H)Q0:D( 26000-21000 º*E*d*) 1*]�Z( 

10000-5000 =*EÀF�Z» 11000-7500 !F�YÂ()Z-*d*)(
Ê¿Z( ‘Zc· 9YÊ¿Z( ": �] 5 3<  =)Y !F�YÂ( =*d)  Q6 'Y�g Êd[Y Ê¿Z( YÊ)ZÀ6 dH 1À¿Z» >�V#$ ,*· Y >Z0  �Zb)Y1

Ê» =HZ# ZB¿: �$ !*¿ Z-*» $Â6 .q� �$ Ê¿Z( Z0 ": Q#�F ºB» ,( $�Y$ $ÂC  ÊAdfL» >Z0 'Z-*d*) Z0 =)Y º*¿Â»Â·: >Z0.
Z0 X0 �a b&aYqÂ» qZ*+» �$ =d*)  5!#� ‹À) YQ6 ÊfL) 7)O$ZT»     110009�-#  qZ*+» �$(16Z] Ê»

  =)Y SZI ÊfL) �Y1+» Q#�f�*] �Y1+» Q#Y ,( $ 1` q� 'Y�g ÊfL)5/2qÂ» )O$ZT»    2009�-#  ÊfL) qZ*+» �$ (
16Z] Ê» ]7[.SZI �Y!]Y 51À#Z) 5$Z» SZI 51À#Z) $YÂ»  =)Y >9� Z�( SZI Y9�  8-6 ,] td‡Y Z0 1À¿Z» Z-*d*) idfL» >Z0

!F�YÂ(1Ê» 1À6Z]]4Y7Y14[�$  1¿�Y$ 9� SZI �Y!]Y $]ÂH ÊfL) 9Y X*] ÊfL) td‡Y ,( Ê» X#Z) t&) �Y!]Y > � �] =(�` �nY
1¿Â6 .

eÁ� QZ�Y�y iËZ& 01167 ÊÅZ"CËZ»�M ÉZÅ 
Y}#�) 1¿YÂF Ê» ,( =)Y ": X#Z) X#Z»9: 5ZVf)$ Ê³�#  >Z0 ,¿Â/¿ "ZE-# 516 O�fÀ( f#Y�6 �$  º( ,À#!0 Z]

  1À( ,E#Z+» X#Z) ,] =» Z+» ‘Zc· 9Y Y� idfL» Ê#ZBÀF ,] Y� X#Z) �] �no» 8»YÂ<10$ �Y�4 ,T·Z.» $�Â» .
9Y =)Y '�Z&< X#Z) X#Z»9: 5ZVf)$ 9Y 5$ZAf)Y t#ZT» :,E#Z+» N9�Y f+H U#Zf¿ 9Y Ê L] f+H X#Z»9: �0 �$ Y1¿�Y$ >Y

Ê» Y� ÊT4Y  �Z( f#Y�6 ,*&6 "YÂF 5ZVf)$ 5 3< ,] $�Y1¿ $ÂC  X#Z»9: h# �$ �no» 8»YÂ< _Z/F �nY Ê)��] "Z-»Y  $�( >9Z) >Z0
 X#Z»9:Ê/¿ �$Z4 X#Z) 1À#Z/¿ Q**TF Y� ‹À) $�ÂI�] 9Y 8[Z` ,]�p  SZI =(�` t*(�F �nY �$ X#Z) 1À6Z].

5ZVf)$ Ê» 5$ZAf)Y "Z6Y�I X#Z) Ê)��] >Y�] Y=TÀ[ �$ OÂ/T» �Âa ,] ,( >$�Y1¿Zf)Y Ê0ZV�#Z»9: >Z0 ,¿Â³  $ $Â6
Ê» 1À6Z].

1-5ZVf)$ ( ,d*» 8-6 ,] X#Z»9: ,¿Â/¿ YZB¿: �$ ,( Ê#Z0Ê» hrÂ 51À#Z) > � �]  16Z] º*+fE» �Âa ,] Y=]Zn >Z0
Ê» =(�` 1#Z/¿) .8-61.(5ZVf)$ Q#Y �$ Ê» OZ/<Y =]Zn > �*¿ Y,d*» > � �] Z0 X*a �$ Y,¿Â/¿ "$�( "9  Z] X#Z) �Y1+»  $Â6

$$�³ Ê» Q**TF YX#Z»9: 9Y �a  .

1-Quartz  
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8-61:"Z6Y�I X#Z) X#Z»9: 5ZVf)$ ,) h*FZ/6)51À#Z)=]Zn ) .(i·Y:(\Z[ y.) > � ,d*»1) .K:(hE#$ > � ,d*»2) .†:(hfd‡ > � ,d*»3.

Ê» 5$Z&À) ,r�Za Z# m‡Z( h# 8»Z6 =]Zn 51À#Z) º*E*d*) 1*]�Z( 51À#Z) 'Y�g ": �$ ,( 16Z]4ZÀ*»Â·: Z#  559Y1¿Y Z] 
51*&Er >Y ,r�Za Z# m‡Z( ,] YlL�» ,r�Za Z# m‡Z(  1¿Y ,] Z# hE#$ Y,cA[ >!dH hfd‡6Z] Ê» 8@f»1À.5ZVf)$ Q#Y �$Z0

$�Y1¿ >�Y�-F �Â&< Y�*E» h# �$ ,¿Â/¿ Ê» N!x· Y59ZF 51À#Z) 'Y�g > � �] Y51À#Z) ,r�Za Z# m‡Z( =(�` �nY �$ 1À( .Q#Y
5ZVf)$ ,] Y51À#Z) ;cA[  ,d*» =(�` ÊV¿ÂVr tE` �] YZ03Ê» º*E+F 5 �³ 1¿Â6.

i·Y -Z) ,cA[ ,] =&E¿ ,d*» Êd*.fE» 51À# $�Y$ Êf�³�]  =H� º*+fE» =(�` Y8-6 )8-61i·Y .(
K-Ê» =(�` hE#$ ,] =&E¿ Ê<ZT6 �Âa ,] ,d*» 51À#Z) ,] =&E¿ ,d*» $�Y$ Ê¿Y� $ =(�` hE#$ "Âr  1À( Z0

=6Y$ 10YÂI P*a�Z» =(�`)8-61K.(
†-Ê» =(�` ,¿YÂf)Y > � �] �Âc» 'Y9YÂ» ,] ,d*» =(�` ,¿YÂf)Y  1À( $�Y$ Ê¿Y� $ )8-61†.(
2-5ZVf)$ Ê» 8-6 Êd*.fE» y.) >Y�Y$ Ê�#Z»9: ,¿Â/¿ YZB¿: �$ ,( Ê#Z0 Q*] $Y9: �Âa ,] Y51À#Z) 'Y�g  16Z] h# {�r

Ê» �Y�4 ,¿Â/¿  �Y $ 1¿�*³ .5ZVf)$ Q#Y �$Ê» �Z�H �Y $ {�r h# ,] =]Zn �Z] =cF ,¿Â/¿ Z0 ,¿Â/¿  {�r Q*] 51À#Z) 5$Z»  $� :
�4Ê» �Y$�*³ .5ZVf)$ Ê» �Z( N � Q#Y Z] ,( Ê#Z0 Ê» º*E+F 5 �³ ,) ,] !*¿ 1ÀÀ( 5ZVf)$ 'Z@L�» ,( 1¿Â6 $�Y1¿Zf)Y >Z0

     =)Y �#9 '�Â[ ,].
i·Y h�I Q6  Ê-*f)] {�r /)65 (     -  :

ZT]Y ,] ,¿Â/¿ Y5ZVf)$ Q#Y �$ $     26      10    76{�r h# 8]Z+» �$>$]ÂH �Y $ 59 >Y�Y$ Y,] Ê-*f)]

.4/////�   6/228>ZÀBa     13Ê» �Y 4 $�*³)8-62i·Y .(�$ ,( =)Y >$]ÂH hE#$ h# 8»Z6 Ê-*f)] {�r
 ": \Y�aY8*FÂ] �d( h*f)]6=»ZLp Z]    13$�Y$ �Y�4.)Y ÊfL) Z] 1#Z] Z0 h*f)] Ê/62-58�Â6 �f»�Â#$ 7 ,*BF 

Ê-*f)] {�r -1¿Â6�) Z]<]Zn ==     200 1I�r Ê»  Z],¿9  "$Y$ �Y�4 ,] Y{�r Z] ,¿Â/¿ qZ/F 8c»Y/< > �*¿ />$Â

T»/// O$Z45Z#130Ê» OZ/<Y QFÂ*¿ $Â6 .51À#Z) 5$Z» �*d*) Q6)!F�YÂ( (>1À] ,¿Y$ Z]µ 300–212,( 16Z] Ê» =]Âa�
 9Y �f/( 1#Z] ":5/016Z] 1[ �$.=C _Z¿ ,] =C h# f)ÂF 51À#Z) �Y1+» ,] Y,)Z» 400-250 ,]  _Y�: �Âa ,] ,+*4$ �] _�³ 

Z] ,¿Â/¿ qZ/F 8c» ,] S9Z¿ 5$�a h# '�Â[Ê-*f)] {�r1#Z/¿ Ê» N!#� ]12[.

1-Pin over flat 
2 - Pin on disk 
3 - Pin on drum 
4-Silicon Carbide  
5-Alumina 
6 Chlorobutyle 
7 Durometer Shore A 
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8-62:"Z6Y�I X#Z) X#Z»9: 5ZVf)$ ,) h*FZ/6)=]Zn �*‡ 51À#Z)) .(i·Y :(h�I Q6  Ê-*f)] {�r)65(ASTM -G) .K:({�r

KÂa�» Q6  Ê-*f)])105ASTM –G () .†:(KÂa�» 51À#Z)  >$]ÂH {�r)611ASTM –B (.
K:KÂa�» Q6  Ê-*f)] {�r)105ASTM  – G (:

Ê» h�I Q6  Ê-*f)] {�r N � 1À¿Z» ": $�(�Z( OÂ[Y 16Z] .MÂdL» K: Z] Z-*d*) 51À#Z) 'Y�g YN � Q#Y �$ Ê»

 $$�³: ,( Ê.*c» �$ ,¿Â/¿  =(�` "!/0 f)ÂF Q6  KÊ» 5$Y$ $�*³ Ê» �Y�4 Y1¿Â6)8-62K.(
$ZT]Y ,] ,¿Â/¿ Y5ZVf)$ Q#Y �$ mm × 26mm × 10mm58�.4 ,] Ê-*f)] {�r h# 8]Z+» �$mm178 

»ZLp/// =mm13Ê» �Y�4 $�*³ .�Y�4 >$]ÂH hE#$ � $ ,( Ê-*f)] 59 5ZVf)$ Q#Y �$$�Y$"�aÂ~¿ �ÀC 9Y1] Ê»16Z.
)Y ÊfL) Z] ' ZAf» 5 �³ ,) �$ Z0 h*f)] Ê/50Y60 70�Â6 �f»�Â#$ A,*BF Ê»Ê-*f)] {�r -1¿Â6<�) Z] =

]Zn=rpm2451I�r Ê»  Z],¿9  "$Y$ �Y�4 ,] Y/< > �*¿ Y{�r Z] ,¿Â/¿ qZ/F 8c»/T» >$Â// O$ZN22210YÂI OZ/<Y 
16 . $5�arZB 9Z] �Ê#,( /+<  ÂdC�$Ê» �Y�4 {�r t�*³¿1/K: =#Y10 Q/p Â/¿ qZ/F 8c» ,] Q6  ¿Ê-*f)] {�r Z] ,

Ê» Q6 "16 Q*�¿ ,F }¿Z» 1¿Â6.51À#Z) 5$Z» �*d*) Q6)!F�YÂ( (>1À] ,¿Y$ Z]µm300–212Z] ,( 16Z] Ê» �.+» K:
MÂdL»Ê»$Â6]11[.

†:KÂa�» 51À#Z)  >$]ÂH {�r)611ASTM –B (:
¿ !*¿ N � Q#Y �$Ê» MÂdL» 51À#Z)  K: ,( Ê.*c» �$ ,¿Â/ Ê» =(�` 5�a f)ÂF  1À6Z] Ê» �Y 4 1À#Z/¿ $�*³ .�Y $ {�r

=)Y Ê-*f)] 59 14ZH _=)Y qZ/F �$ >$]ÂH {�r Z] ,¿Â/¿Ê» º*¿Â»Â·: 1*E(Y 51À#Z)  16Z])8-62†.(Q**TF 5�#  N � Q#Y

=)Y =L) Êd*I >Z0$]ÂH  Z01*]�Z( X#Z) .f)Y X#Z»9: $�Y1¿Z611ASTM -B Ê» "Z*] Y� X#Z»9: N � Q#Y 'Z*Z!C 1À( 
]10[.

$�Y$ ÊBCÂF 8]Z4 �*nwF X#Z) �Y1+» �] td[ >$]ÂH {�r Z#  Ê-*f)] {�r 9Y 5$ZAf)Y .{�r f)ÂF 51À#Z) Êf4 
Ê»  �H h*f)] �$ 5$Z» =L) 9ZH ,] $�ÂI�] _ZVÀ0 1#Z/¿ $�Y  �Z�H ,¿Â/¿ > � �] Ê-*f)] *¿  $ � ,¿Â/¿ y.) ,] Y� >�f/( > �

 
1 Neoprene 
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Ê» 8+fÀ» qZ/F �$ td[ _ZECY Z] \�a  $ 9Y 51À#Z) 5�g �³Y Ê·  $Â] 10YÂI �f/( 5$Z» =L) 9ZH �$ =E-6 $Ze#Y "Z-»Y Ym· 1À(
1#Z/¿ Ê» =E-6 $Ze#Y  5$�( gÂA¿ ,¿Â/¿ =L) 9ZH �$ 1À-�¿  16Z] ,f6Y$ Ê#]Z] =» Z+» ,R¿ZÀr 16Z] .

ZÅ eÁ� Á $YÂ»:
"Âr9�  SZI �Y!]Y $]ÂH_=)Y ÊT*&a $YÂ»  S�cf» 51À#Z) Z] qZ/F �$ 9Y"Z6Y�I X#Z) X#Z»9: >Z0 5ZVf)$ _ $ 5 �³ 

16 5$ZAf)Y 16Z] Ê/¿ =]Zn 51À#Z) Z0 ": �$ ,( $�Y1¿Zf)Y Z] X#Z»9: _ $ 5 �³ X#Z»9: 5ZVf)$ ,) Q*] 9Y -51À#Z)  >$]ÂH {�r
KÂa�»# ,( ": 8*·$ ,] !*¿ 5�]�Z(=)Y =L) Êd*I >Z0$]ÂH  Z01* >9� Z�( >Z0 SZI 9Y �F =L) Êd*I º0 ": 51À#Z)  

=H�³ �Y�4 ,T·Z.» $�Â» 5 �³ Q#Y �V#$ 5ZVf)$  $  1#$�³ \m` =)Y.
,( ": 8*·$ ,] X#Z»9: �$ ,T·Z.» $�Â» $]ÂH KZLf¿Y �ÂGÀ» ,]1#Z] �Y!]Y $]ÂHº0,] =» Z+» Ê³�#  º0  X#Z) =» Z+» Ê³�# 

]16Z] ,f6Y$ Y� ,]�p ,9YQ]�( f)Âf» $]ÂH h# )45C k(KZLf¿Y -1#$�³$�Â» $]ÂH Ê#Z*/*6 t*(�F 5ZVf)$ f)ÂF ,( ,T·Z.»
�f/*f¿YÂ( O 1C �$ 16 Q**TF)2(=)Y 516 5$� : .

O 1C2:,T·Z.» $�Â» $]ÂH Ê#Z*/*6 t*(�F 

S P M n S i C =»3< $�Y1¿Zf)Y 5�Z/6
01/0 01/0 74/0 26/0 44/0 45 C k 1191/1

ÊfL) X#Y!HY >Y�] Q#Y $]ÂH4_Ze¿Y ": > � �] idfL» ÊF�Y�` 'Z*d/< #$�³1]1[�G¿ �$ ,)ZÀ6 h# ÊF�Y�` 'Z*d/< �0 -
16 ,fH�³-8»Z6 ÊF�Y�` 'Z*d/< ,)ZÀ6 �0 6Z] X#Z»9: >Y�] ,¿Â/¿  $ X#Z»9: 5ZVf)$6,<�!» X#Z»9: >Y�] ,¿Â/¿  $ �$

$Â] �Y�-F-=6Y$ ÊF ZAf» ÊfL)  �ZfIZ) !#�  $Â] ,fH�³ �Y�4 Ê[ZI ÊF�Y�` 'Z*d/< =cF ,)ZÀ6 �0]1[.,¿Â/¿ ÊfL) Q*V¿Z*»

'�a O  UÀ) ÊfL) 5ZVf)$ Z] ,( ,)ZÀ6 �0 >Z01"Z/·: )q�1» =*]�F 5ZV�¿Y$ $YÂ» Ê)1ÀB» 5ZV�#Z»9: �$ }4Y (>�*³ 59Y1¿Y 
=)Y 516 N�Y!³ 16 .ZVf)$  $ �$ Z0 X#Z»9: h�I Q6  Ê-*f)] {�r X#Z»9: 5)$ZBC "Z»9Z) 'Z+*+cF !(�» �$ }4Y 

q�ZH Ê³1¿9Z) (KÂa�» Q6  Ê-*f)] {�r  )q�1» =*]�F 5ZV�¿Y$ $YÂ» Ê)1ÀB» 5ZV�#Z»9: �$ }4Y  (16 _Ze¿Y .YX#Z) �Z*T»
: N � b&a9Z0 X#Z»_�0 9Y 516 ,f)Z( _�C �Y1+» ,] ,CÂF Z] ,( $Â] ºe` X0Z( qZ)Y �] 5�#  _�C  ,¿Â/¿ $�Â» $]ÂH ,T·Z.»
16 ,&)Zc».8-6 �$3Ê-*f)] {�r  h�I Q6 "Z6Y�I X#Z) 5ZVf)$ Z] 516 51*#Z) ,¿Â/¿  $ �#Â@F)“r =/) ( Q6

Ê-*f)] {�r  KÂa�»)=)Y� =/)($Â6 Ê» ,G`3» .

8-63:h�I Q6 "Z6Y�I X#Z) 5ZVf)$ Z] 516 51*#Z) ,¿Â/¿  $ �#Â@F Ê-*f)] {�r  )“r =/) (Ê-*f)] {�r  KÂa�» Q6)=)Y� =/)(

Q*»9 �$ >Y ,<�!» >Z0 X#Z»9: Y5ZVCZ] ,+.À» �$ }4Y  9Y�*6 5ZV�¿Y$ >9� Z�( 51-�¿Y$ Ê<Y�9 >Z016>�f»Âd*( 
16 _Ze¿Y 9Y�*6 �B6 OZ/6 ._Â· s�Y!» >Z0 SZI =HZ]Y_Â· Êfd*) Y$Â] ÊÀ6 Ê)�  ÊÀ6 _Â· . ‹À) s�Y!» SZI 5!#� ‹À) 

-=6Y1¿ 9Y SZI =]Âa�13ZF179Y SZI >�0Z| 5�#  _�C  1[�$ 44/1ZF48/11//6 >�*³ 59Y1¿Y tT-»�f» Êf¿Z) �] _�³ .

1 Wolpert 
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"Y$�³�] 9� SZI N�] ,x*F > � �] 'Z/T·Z.» b/< �$ ºL6 'Z*d/< qZ)Y �]  �Y$25-15=<�)  �f» Êf¿Z) 4Ê·  5/5
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