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eQ@ Q}eDt jta |}=wy |xJ[wL QF= |@ QHD |UQQ@

l} QDtwv=v |Q=mu}W=t QO |}=wy pOv}BU= C=W=aDQ=
�|@ Qt� �xO=ROvwN; OtLt

R=wy= OL=w |tqU= O=R; x=oWv=O '|UOvyt w |vi |xOmWv=O
�Q=}O=DU=� |DOLw O=OQyt

|Uw] u}Or=Q}Yv xH=wN |DavY x=oWv=O 'l}v�t |UOvyt |xOmWv=O

|Q=mu}W=t QO QDtwv=v OwOLQO |=yCkO x@ uO}UQ |=Q@ |}=wy pOv}BU= u}}=B C=W=aDQ=
|=yQDt=Q=B 'xOQWi |=wy |x}PeD |xwLv '|v=QwO CaQU "CU= syt Q=}U@ j}kOjwi

j}kLD u}= QO "OvDUy pOv}BU= C=W=aDQ= Q@ QF-wt |=yQDt=Q=B xrtHR= """w |}=wy |xJ[wL
"CU= xDiQo Q=Qk |@ QHD |UQQ@ OQwt |v=QwO CaQU w |}=wy |xJ[wL jta |=yQDt=Q=B

hm |=Q@ "OW xDiQo Q_v QO Q}eDt CQwYx@ j}kLD u}= QO |}=wy |xJ[wL jta
wO =@ |wQm '|tQy '|]wQNt 'CND %CU= xOW ?=NDv= Cr=L VW |}=wy |=yxJ[wL
"CU= xOW xDiQo Q_v QO Cr=L xU R}v |v=QwO CaQU |=Q@ &C@=F jta w 'Cw=iDt `=aW

60 x=oDUO R= C=W=aDQ= |UQQ@ |=Q@ "CiQo s=Hv= V}=tR; 18 O=OaD ' ẁtHt QO
"OW p}rLD DOE R= xO=iDU= =@ C=W}=tR; G}=Dv u=}=B QO w xOW xO=iDU= VibroTest

u}}=B |v=QwO CaQU QO |tQy hm |=yxJ[wL xm OyO|t u=Wv j}kLD u}= G}=Dv
"OvyO|t x�=Q= |QDsm C=W=aDQ=

m akhondzadeh@iauahvaz.ac.ir
vahdati@kntu.ac.ir

|xJ[wL '|Q=mu}W=twv=v '|}=wy pOv}BU= 'j}kOjwi |Q=mu}W=t %|O}rm u=oS=w
"C=W=aDQ= '|}=wy

xtOkt "1
h} QaD 'sm l =m]Y= Q}_v |O}=wi OHwt |}=wy pOv}BU= QO 4=wy |x}q OwHw
Qo}Om} =@ Rri wO T=tD R= `v=t =wy |x}q u}= "CU= V}=U u=Oki w =yQwLt j}kO
x=oDUO V=aDQ= p=kDv= Vy=m R}v w CQ=QL w l =m]Y= Vy=m ?@U xH}DvQO w
xJ[wL l} OQ=w =OD@= 'xrY=i u}= x@ OwQw R= p@k =wy "OwW|t Q=mxa]k K]U x@

"OwW|t 5|}=wy VmJ uwJty |D=QF= Vy=m ?@U w OwW|t
Q=}U@ QDtwv=v OwOLQO |=yCkO x@ uO}UQ |=Q@ |}=wy pOv}BU= u}}=B C=W=aDQ=
|xwLv '|v=QwOCaQU x@ u=wD|t pOv}BU= C=W=aDQ= Q@ QF-wt |=yQDt=Q=B R= "CU= syt
Q=Wi '|}=wy |xJ[wL pt=wa 'x}PeD M=QwU Q]k pt=W �� xOQWi |=wy |x}PeD

"OQm xQ=W= """w �� QwD=DU= w QwDwQ u}@ xrY=i QO OwHwt |=wy
C=W=aDQ= Q@|v=QwOCaQU w|}=wy |xJ[wLjta |=yQDt=Q=B QF=j}kLDu}= QO
QO |}=wy |xJ[wL jta |r@k C=k}kLD QO "CU= xOW |UQQ@ |}=wy pOv}BU=
pOv}BU= C=W=aDQ= C}a[w Ow@y@ |=Q@ Q[=L j}kLD QO =t= "Ow@ u=Um} u; QU=QU
C=W=aDQ= Q@ u; QF= w xOW xDiQo Q_v QO Q}eDt CQwYx@ |}=wy |xJ[wL jta '|}=wy

"CU= xOW |UQQ@ |}=wy pOv}BU=

j}kLD |xv}W}B "2
nvy; w Q=@ C}iQ_ '|DNU Q@ |}=wy |xJ[wL jta C=Q}}eD QF= 1985 p=U QO

1|}xDUy |SQv= '|m}vwQDmr= '|}xv=}=Q C=a]k j}kO CN=U |=Q@ =[=kD V}=Ri=
2�UPM� j}kOjwi |Q=mu}W=t |=yOv}=Qi V}=O}B x@ QHvt |a=iO |=yOQ@ Q=m w
\w@ Qt |=ylDre w |QDw}Bt=m |x_i=L |=ylU}O '3|Qwv |=yxv}; "CU= xOW
OwOL QO pmW CkO w QDtwv=v OwOL QO CN=OQB K]U =@ '|BmwDi |=yu}W=t x@
|=yu}W=t C=YNWt u} QDsyt "Ov=C=a]k u}= R= |}=yxvwtv 'uwQm}tQ} R =} uwQm}t
w q=@ |a}@] Tv=mQi 'q=@ |DNU =@ Q=R@=u}W=t u=tDN=U %R= Ov=CQ=@a j}kOjwi
C=W=aDQ= 'q=@ |m}v=mt w |DQ=QL |Q=O}=B '?wN �lqyDU=� |}=Q}t C=}YwYN

"q=@ CkO =@ pQDvm w j}kO Q=}U@ |DmQL |=yQwLt 'u}}=B
pOv}BU= '=y|} wWm %OvQ=O |tyt |DmQL |=yCtUk j}kOjwi |=yu}W=t
=Q} R 'CU= j}kOjwi Q=R@= u}W=t |O}rm w[a l} pOv}BU= "xmQLt sDU}U w '|}=wy
xOW |Q=mu}W=t C=a]k CkO w K]U C}i}m Q@ |tyt QF= pOv}BU= |DmQL |=]N
l}D=DUwQ�; ẁv R= j}kOjwi Q=R@=|=yu}W=t QO xOW xO=iDU= |=ypOv}BU= QFm = "OQ=O
|WNQJ CaQU C}r@=k w q=@ |DmQL CkO |=Q=O wO Qy xm 'OvDUy l}D=DUwQO}y w
uewQ =@ l}D=DUwQO}y pOv}BU= R= QDu}}=B l}D=DUwQ�; pOv}BU= |DNU "OvDUy q=@

"CU= QDsm u; |DQ=QL pmW Q}}eD =t= 'CU=

pw�Ut xOvU} wv �
"1392 3 6 VQ}PB '1392 2 23 x}LqY= '1391 9 21 Ci=} QO %M} Q=D
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"j}kLD OQwt |=yQDt=Q=B |=Q@ |@=NDv= Kw]U "1 pwOH
V}=tR; |=yQDt=Q=B

K]U(B) (A)

(rpm) |v=QwO CaQU xJ[wL hm Cr=L
1800 CND 1
2556 |]wQNt 2
3600 |tQy 3

�25mm � `=aW� |wQm 4
�50mm � `=aW� |wQm 5

C@=F jta 6

"Q}eDt jta |=yxJ[wL |=Q@ |@=NDv= O=a@= "2 pwOH
|}=wy xJ[wL pmW (mm) |}=wy xJ[wL O=a@=

r1 = 11 3

xOW x�=Q= jwi |=yQDt=Q=B |=Q@ |@=NDv= Kw]U 1 pwOH QO "CU= xOW xDiQo Q_v QO
"CU= V}=tR; 18 Q@=Q@ ,=awtHt xOW s=Hv= C=W}=tR; O=OaD "CU=

xQ}=O pmW '|}=wy |xJ[wL pmW QDt=Q=B |=Q@ 'j}kLD u}= s=Hv= Qw_vtx@
=wy OwQw pLt |va} 'u=WRmQt QO =yxJ[wL |t=tD jta u}vJty "OwW|t ?=NDv=
CL=Ut R= |}=wy |xJ[wL xR=Ov= QDt=Q=B |=Q@ "CU= QDt|r}t 6 Q@=Q@ 'xJ[wL x@
2 pwOH QO 'CU= xQ}=O xm Q_v OQwt |}=wy |xJ[wL O=a@= "CU= xOW xO=iDU= u;

"CU=xOW x�=Q=
QwD=DU= uwt=Q}B QO xm 'xOW xDiQo Q_v QO |}=wy |xJ[wL 3 O=OaD u}vJty

"Ov=xDiQo Q=Qk Q@=Q@ |}x} w=R pY=wi QO
"CU= xOW xO=O u=Wv Q}eDt jta |=yxJ[wL |xOQwNVQ@ K]U 1 pmW QO
K]U x@ C@Uv xJ[wL jta O =D hr= |=ypmW QO 'OwW|t xOy=Wt xm u=vJ
jta �y pmW QO u}vJty "CU= Q}eDt xJ[wL RmQt x@ C@Uv QwD=DU= |vwQ}@

"CU= C@=F xJ[wL K]U s=tD QO xJ[wL
CQwYx@ QwDwQ '=y|Q}oxR=Ov= |xO=U |=QH= w C=a]k CN=U QO CrwyU |=Q@
TvH "CU= xOW xDiQo Q_v QO �� ONQJ@ QwD=DU= pwL QwDwQ xm |Qw] �� |HQ=N
QwDwQ |rN=O Q]k hqDN= "CU= xOW ?=NDv= nvRO[ Oqwi R= QwDwQ w QwD=DU=
25 Q@=Q@ =wy |x}q Ct=N[ |DQ=@ax@ &CU= uwQm}t 50 QwD=DU= |HQ=N Q]k w

"CU= xOW ?=NDv= uwQm}t
?=NDv= V=QD x=oDUO 'pOv}BU= |v=QwO CmQL u}t-=D w C=W}=tR; s=Hv= |=Q@
lQLt |rwB Q]k C@Uv Q_v OQwt |=yCaQU x@ uO}UQ |=Q@ u}=Q@=v@ "CU= xOW

"CU= xOW xDiQo Q_v QO 3 6 Q@=Q@ 'QwDwQ Q]k x@
|R=wD sOa Q}F-=D |R=Uxv}tm w 'QwDwQ x@ lQLt |rwB |v=QwO CmQL p=kDv= |=Q@
u}vJty "CU= xOW ?=NDv= nv} Qw= 'QwDwQ pO=aD Q@ QwDwQ w lQLt |rwB |=yQwLt
Q@=Q@ =yxJ[wL uwQO x@ =wy |x}PeD |=yxvRwQ Q]k w '1 5bar Q@=Q@ =wy Q=Wi Q=Okt

"CU= xOW xDiQo Q_v QO QDt|r}t 1
|x}=B l} 'C=W}=tR; s=Hv= w |}=wy pOv}BU= |xawtHt uDW=O xov |=Q@

"OwW|t ?Yv V=QD x=oDUO |[Qa CQB wU |wQ xm xOW |L=Q] xOvQ=Oxov

|=Q=O V}=tR; OQwt u=k=D=} QwmPt |xar=]t QO [1]"OW |UQQ@ |}=wy u=k=D=} u=} QH
OQwtQO |k}kLD 2000 p=U QO "Ow@ GvQ@ TvH R= w X pmWx@ |}=yxJ[wL
QDtwv=v CkO =@ Q=R@= u}W=t |=ysDU}U OQ@ Q=m |=Q@ l}D=DUwQ�; |=yu=k=D=} |L=Q]
|=yu=k=D=} |m}t=v}O |Q=O}=B w |m}D=DU= Q=DiQ 2002 p=U QO TBU [2]"OW x�=Q=
u=k=D=} u}= K]U [3]"CiQo Q=Qk p}rLD OQwt Q=OQ=}W |r}]DUt l}D=DUwQ�; |rw]
'=yQ=}W |=Q@ u=} QH pO=aD CqO=at pL =@ u}kkLt w Ow@ X pmWx@ |}=yQ=}W |=Q=O
QO |H}=Dv x@ u=k=D=} V}=tR; w CN=U =@ u=v; "OvOQm p}rLD =Q u=k=D=} |m}D=DU= Q=DiQ
=yZQa QF= |UQQ@ 'Q=}W uwO@ w Q=OQ=}W u=k=D=} QO Q=Wi `} RwD |xU}=kt |xv}tR
u=k=D=} QO R=o u=} QH nvy; w |DNU 'Q=@ C}iQ_ Q@ Q=}W hrDNt |=yjta w
Q=}W Q=yJ =@ |Uwk l}D=DUwQ�; |rw] u=k=D=} l} [4]Qo}O |k}kLD QO "OvDi=} CUO

"CU= xDiQo Q=Qk |UQQ@ OQwt |Q_v CQwYx@ |]}Lt Q=}W Q=yJ w |QwLt
M=QwUwQm}t u}OvJ =@ l}D=DUwQ�; |}=wy u=k=D=} sDU}U l} 2002 p=U QO
M=QwUwQm}t u}OvJ R= pNrNDt O=wt R= xO=iDU= |=Hx@ u; |] xm [5]OW x�=Q=
|rta CQwYx@ sy w |R=Ux}@W =@ sy =Q u=k=D=} u}= u}kkLt "Ow@ xOW xO=iDU=
pOv}BU= |a=aW CkO |@=} RQ= VwQ l} 2003 p=U QO "OvO=O Q=Qk |UQQ@ OQwt
QO [6]"OW x�=Q= VNQJ RmQt |a=aW CmQL uDiQo Q_v QO =@ l}D=DU=wQO}y |}=wy
|=yxOvvmOwOLt =@ |R=o OQo |=yu=k=D=} =@ pOv}BU= sDU}U |Q=O}=B 2004 p=U
Q=}W =@ |xOvvmOwOLt =@ w [7]CiQo Q=Qk uwtR; w p}rLD OQwt CN=wvm} Q}e |Q=}W
O=a@= |R=Uxv}y@ w KqY= OQwtQO |k}kLD 2009 p=U QO "OW xU}=kt CN=wvm}
|=ypOv}BU= |L=Q] x@ xm [8]OW x�=Q= |k=vH |=yQ=}W =@ OQo |=yu=k=D=} |=yQ=}W

"OQm|t ltm xDi=}Ow@y@ C} RmQt R= GwQN C=YNWt =@ j}kO
u=k=D=} � QwDwQ sDU}U |Q=O}=B Q@ |}=wy |=yxJ[wL Q}F-=D 2009 p=U QO
w x}PeD |=yM=QwU O=OaD C=Q}F-=D QwmPt |xar=]t QO [9]"OW |UQQ@ l}D=DUwQ�;
ROrwv} Q Oa@|@ |xrO=at R= xO=iDU= =@ 'l}D=DUwQ�; pOv}BU= l} |Q=O}=B Q@ =yv; u=mt
l} 2010 p=U QO "OW |UQQ@ |oDUw}B CqO=at w TmwDU= � Q} w=v R= pY=L
x�=Q= PCB p} QO u}W=t |=Q@ OQo |Qvi xOvvmpO=aDt =@ l}D=DUwQ�; |]N |} wWm
Q=}W xU xm '?mQt |xOvvmOwOLt |wQ}=O |R=o u=k=D=} l} Qw_vt u=O@ [10]"OW
pO=aD CqO=at R= xO=iDU= =@ 'Ow@ xOW |Q=mu}W=t u; |wQ |Uwk w s}kDUt jtasm
u}vJty "OW K} QWD Q=OQ=}W |wQ}=O |rw] |}=wy |=yu=k=D=} Q=DiQ w 'p}rLD u=} QH

"OW s=Hv= u; |wQ |D=W}=tR; x=oDUO u}= CN=U =@
C=W=aDQ= Q@ =Q |}=wy |=yxJ[wL |xR=Ov= w O=OaD QF= 2013 p=U QO u=oOvQ=ov
QF= Qo}O |k}kLD QO 'p=U u}ty QO [11]"OvO=O Q=Qk |UQQ@ OQwt |}=wy pOv}BU=
xm OvDi=} QO w [12]xO=O Q=Qk xar=]t OQwt |}=wy |xJ[wL jta w pmW |=yQDt=Q=B
=Q C=W=aDQ= u} QDsm |wQ}=O w |r}]DUt |}=wy |=yxJ[wL =@ |}=wy |=ypOv}BU=

"OvQ=O

j}kLD VwQ "3
|L=Q] "1"3

CaQU w |}=wy |xJ[wL jta QDt=Q=B wO |}=wy pOv}BU= C=W=aDQ= |UQQ@ Qw_vtx@
Q@ |}=wy |xJ[wL jta QF= |UQQ@ QO "CU= xOW ?=NDv= |}=wy pOv}BU= |v=QwO
pmW |=Q@ &Ov=xOW ?=NDv= 6Q}eDt jta =@ |}=yxJ[wL '|}=wy pOv}BU= C=W=aDQ=
9|tQy '8|]wQNt '7CND %CU= xOW xDiQo Q_v QO Cr=L 5 =yxJ[wL u}= hm
Cr=L =} K]U xU R}v |v=QwO CaQU QDt=Q=B |=Q@ "hrDNt `=aW wO =@ 10|wQm w
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"EDM =@ |}=wy |=yxJ[wL |Q=mu}W=t Ov}=Qi "2 pmW

"xOW xDN=U |=yQwD=DU= |xawtHt "3 pmW

"CN=U pL=Qt p}tmD R= TB QwDwQ "4 pmW

"C=W}=tR; QO xO=iDU= OQwt C=R}yHD "5 pmW

"C@=F jta w Q}eDt jta |=yxJ[wL xOQwN VQ@ K]U "1 pmW

CN=U "2"3
|xrtH R= "Ov=xOW xDN=U |O}rwD hrDNt C=}rta R= xO=iDU= =@ xOW|L=Q] C=a]k
'|Oqwi |=yQwD=DU= |Q=mM=QwU w |W=QDwQ '|W=QDhm x@ u=wD|t C=}rta u}=
'11�EDM� |m} QDmr= |x}rND |Q=mu}W=t =@ |}=wy |=yxJ[wL |Q=mu}W=t
Ov}=Qi |awv� p} QO QB wU Ov}=Qi =@ |QDt|r}t 1 |x}PeD |=yxvRwQ |Q=mM=QwU
|vRnvU 'xOvQ=Oxov |x}=B x@ QwD=DU= p=YD= pLt |Q=mR} wqk '�|m} QDmr= |x}rND
CN=OQB w QwLt nvU x=oDUO =@ QwDwQ |rN=O K]U w =yQwD=DU= |HQ=N K]U
=@ =yxJ[wL |Q=mu}W=t Ov}=Qi 2 pmW QO "OQm xQ=W= sQv Q=}U@ |xO=@vU =@ =yv;
4 pmW QO w 'xOWxDN=U |=yQwD=DU= 3 pmW QO '|m} QDmr= |x}rND R= xO=iDU=

"CU= xOW xO=O u=Wv CN=U pL=Qt p}tmD R= TB QwDwQ

V}=tR; C=R}yHD "3"3
C=R}yHD u}= "CU= xOW xO=O u=Wv C=W}=tR; QO xO=iDU= OQwt C=R}yHD 5 pmW QO

%R= Ov=CQ=@a
&Ov=xOW xDN=U ,q@k xm u; xOvQ=Oxov |x}=B w |}=wy pOv}BU= ��
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@"GvUV=aDQ= x=oDUO =@ xOW |Q}oxR=Ov= |}=Hx@=H Q}O=kt "3 pwOH
Q=Okt =yQDt=Q=B xQ=tW|}=Hx@=H (B) (A) V}=tR;

(�m) |v=QwO CaQU xJ[wL hm Cr=L
12 834 1 1 1
13 025 2 1 2
12 649 3 1 3
10 634 1 2 4
10 681 2 2 5
11 454 3 2 6
9 575 1 3 7
10 912 2 3 8
10 465 3 3 9
10 347 1 4 10
12 357 2 4 11
13 417 3 4 12
10 719 1 5 13
11 315 2 5 14
13 267 3 5 15
14 823 1 6 16
17 871 2 6 17
17 561 3 6 18

"C=W}=tR; G}=Dv �ANOVA� Tv=} Q=w R}r=v; "4 pwOH
P-Value F0

QwPHt xHQO ẁtHt `@vt
u}ov=}t |O=R; C=a@ Qt C=Q}}eD

0 000 23 27 15 700 5 78 501 A

0 016 6 46 4 359 2 8 718 B

0 675 10 6 746 Error

17 93 965 Total

Q@ j}kLD OQwt |=yQDt=Q=B |t=tD 'Tv=} Q=w p}rLD R= pY=L |xH}Dv T=U=Q@
u}= R= |Lw]U uDi=} Qw_vtx@ "�4 pwOH� OvQF-wt |}=wy pOv}BU= V=aDQ= Q=Okt
|=yQDt=Q=B QF=pt=aD w|rY= QF= |=yQ=Owtv 'CU= QDsm V=aDQ= Q=Okt u; QO xm =yQDt=Q=B
`} RwD Q=Owtv 7 pmW QO "CU= xOW sUQ MiniTab Q=Ri=sQv |xr}Uwx@ j}kLD OQwt
?}DQDx@ 9 w 8 pmW QO "CU= xOW xO=O u=Wv C=W}=tR; G}=Dv |=Q@ =yxOv=t p=tQv
pOv}BU= C=W=aDQ= Q@ QwDwQ |v=QwO CaQU w xJ[wL hm Cr=L |=yQDt=Q=B QF=

"CU= xOW xO=O u=Wv |}=wy
C=W}=tR; R= pY=L |}=Hx@=H Q}O=kt 'OwW|t xOy=Wt 7 pmW QO xm u=vJ
|xJ[wL hm Cr=L QF= Q=Owtv |xar=]t R= TB "CU= Q=OQwNQ@ p=tQv `} RwD R=
QO V=aDQ= Q=Okt u} QDsm xm Ci=} QO u=wD|t |}=wy pOv}BU= C=W=aDQ= Q@ |}=wy

GvUV=aDQ= x=oDUO QO V=aDQ= Q=Okt |Q}oxR=Ov= \}Lt C=t}_vD "6 pmW
"VibroTest 60

u; |}q=@ CQB wU� u; |[Qa CQB wU |wQ C=W}=tR; s=Hv= |=Q@ V=QD x=oDUO ��
&�CU= xOW ?Yv xOvQ=Oxov |x}=B u; |=H x@ w xOW R=@

&QwDwQ x@ V=QD x=oDUO s=_v xU |v=QwO CmQL p=kDv= |=Q@ QwO p=kDv= |rwB ��
|=wy QO jrat C=a}=t Q}=U w ?; ?PH w uDiQo |=Q@ Q}ouewQ w Q}oC@ w]Q ��

&=wy |kr x@ =yv; OwQw R= |Q}owrH w QwUQBtm uOQm Q=m R= |W=v xOQWi
&QwD=DU= x@ |OwQw |=wy Q=Wi Q=Okt R= u=v}t]= |=Q@ GvUQ=Wi ��

&QwD=DU= w GvUQ=Wi x@ Q}oC@ w]Q R= xOQWi |=wy p=kDv= |=Q@ =wy nvr}W ��
&QwDwQ x@ lQLt |rwB |v=QwO CmQL p=kDv= |=Q@ xtUD ��
&C=W}=tR; |=Q@ xOQWi |=wy u}t-=D |=Q@ =wy QwUQBtm ��

|=Q@VibroTest 60 x=oDUO R= pmWDt V=aDQ= |Q}oxR=Ov= |xawtHt ��
IN-085 GvU|}=Hx@=H �QwUvU� |xU=UL 'V=aDQ= Q}O=kt C@F w |Q}oxR=Ov=
|xOvvmQB w xU=UL uDW=Oxov |=Q@ T}]=vet |x}=B 'V=aDQ= |Q}oxR=Ov= |=Q@

"QwDwQ K]U x@ C@Uv xU=UL C}akwt s}_vD |=Q@ |QDt|r}t 1 5
%R= Ov=CQ=@a O=O s=Hv= O}=@ GvUV=aDQ= x=oDUO =@ |Q}oxR=Ov= |=Q@ xm |D=t}_vD

&IN-085 %xU=UL ẁv �
&peak (p) %|Q}oxR=Ov= |xvt=O �

&(�m) uwQm}t %|Q}oxR=Ov= OL=w �
"1000�10Hz u}}=B OL w q=@ OL |=yTv=mQi �

u=Wv VibroTest 60 GvUV=aDQ= x=oDUO |=Q@ sRq C=t}_vD 6 pmW QO
"CU= xOW xO=O

'1800rpm |v=QwO |=yCaQU x@ |@=}CUO Qw_vtx@ O}=@ xm |}=yCaQU
w 710 '500rpm %R= Ov=CQ=@a OQm s}_vD V=QD x=oDUO |wQ 3600 w 2556

"1000

G}=Dv "4
xO=O u=Wv GvUV=aDQ= x=oDUO =@ xOW |Q}oxR=Ov= |}=Hx@=H Q}O=kt 3 pwOH QO

"CU= xOW
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|=yxJ[wL u}vJty "OwW|t xOy=Wt |tQy hm |}=wy |=yxJ[wL =@ pOv}BU=
Q@ |}=wy pOv}BU= |v=QwO CaQU QF= Q=Owtv "OvQ=O =Q V=aDQ= u} QDW}@ C@=F jta
MQ |QDsm C=W=aDQ= 'QDu}}=B |v=QwO CaQU QO xm OyO|t u=Wv pOv}BU= C=W=aDQ=
"OwW|t xOwRi= R}v |}=wy pOv}BU= C=W=aDQ= Q@ QwDwQ |v=QwOCaQU V}=Ri= =@ w xO=O
CaQU w |}=wy |xJ[wL hm Cr=L |=yQDt=Q=B QF= pt=aD Q=Owtv 10 pmW QO

"CU= xOW xO=O u=Wv |}=wy pOv}BU= C=W=aDQ= Q@ pOv}BU= |v=QwO
CaQU w |}=wy |xJ[wL hm Cr=L |=yQDt=Q=B QF= pt=aD Q=Owtv T=U=Q@

QwDwQ |v=QwO CaQU w xJ[wL hm Cr=L |=yQDt=Q=B QF= pt=aD Q=Owtv "10 pmW
"|}=wy pOv}BU= C=W=aDQ= Q@

CaQU QO|tQyhm |=yxJ[wL =@ pOv}BU= QO C=W=aDQ= u} QDsm 'pOv}BU=|v=QwO
"OvwW|t xOy=Wt 1800rpm

|Q}oxH}Dv "5
|}=wy pOv}BU= C=W=aDQ= Q=Okt 'xOW sUQ |=yQ=Owtv w xrY=L G}=Dv x@ xHwD =@
u}= p}rO "CU= C@=F jta =@ |=yxJ[wL R= QDsm Q}eDt jta =@ |=yxJ[wL QO
pLt R= '|}=wy |xJ[wL jta |H} QOD Vy=m QO u=wD|t =Q C=W=aDQ= Vy=m

"CUv=O |}=wy |xJ[wL |=yx@r CtU x@ =wy |OwQw |xvRwQ
Q@ j}kLD u}= |UQQ@ OQwt |=yQDt=Q=B QF= pt=aD w |rY= QF= |=yQ=Owtv T=U=Q@
|v=QwO CaQU QO |tQy hm |=yxJ[wL =@ pOv}BU= '|}=wy pOv}BU= C=W=aDQ=
xm OyO|t u=Wv j}kLD u}= G}=Dv u}vJty "OvQ=OQwNQ@ |QDsm C=W=aDQ= R= u}}=B
u} QDW}@ QDq=@ |v=QwO |=yCaQU QO C@=F jta |=yxJ[wL =@ |}=wy pOv}BU=

"OvQ=O =Q |}=wy pOv}BU= C=W=aDQ=

"=yxOv=t p=tQv `} RwD Q=Owtv "7 pmW

"|}=wy pOv}BU= C=W=aDQ= Q@ xJ[wL hm Cr=L QF= Q=Owtv "8 pmW

"|}=wy pOv}BU= C=W=aDQ= Q@ QwDwQ |v=QwO CaQU QF= Q=Owtv "9 pmW

=yCWwv=B
1. nuclear energy
2. ultra precision machining (UPM)

3. optical mirrors
4. air gap
5. air Hammer
6. variable depth
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7. 
at
8. conical
9. pyramidical
10. spherical
11. electro discharge machining (EDM)
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