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|Q}oxR=Ov= |=Q@ "OW xDiQo Q_v QO |}xLiY CQwYx@ xQB |wQ VvD 'QwUQBtm xQB
xO=iDU= Q} R \@=wQ R= '|U=tt w |a=aW CyH wO QO xQB |wQ Ov=tUB |=yVvD

[20]%OW

P (H) = ��(H) + �R(H)
2

Q(H) = (��(H)� �R(H))
2

T (H) = �R� (11)

QO |@}mQD |=yVvD T (H) w Q(H) 'P (H) w |Q}oxR=Ov= jta H =yu; QO xm
%CW=O s}y=wN |@}mQD |=yVvQm |=Q@ "Ow@ Ovy=wN H jta

p(H) = "3(H) + "1(H)
2

q(H) = ("3(H)� "1(H))
2

t(H) = "3(H) + "1(H)� 2"2(H)
2 (12)

w OvwW|t xO}t=v |@}mQD |=yVvQm t(H) w q(H) 'p(H) 12 |x]@=Q QO
"OvDUy xvwtv H jta QO xOWxOv=wN |=yVvQm "2(H) w "3(H); "1(H)

CUO x@ 13 |x]@=Q T=U=Q@ |@}mQD |=yVvQm R= xO=iDU= =@ |@}mQD |=yVvD
[20]"Ov};|t

a(P ) = E
1 + �

fpg
b(Q) = Efqg
b(T ) = Eftg (13)

|=yVvD 14 |x]@=Q ltmx@ u=wD|t '|@}mQD |=yVvD uDi=} w 13 |xrO=at pL =@
%OQw; CUO x@ =Q |rY=

�Max; �Min = P (H)�pQ2(H) + T 2(H) (14)

V}=tv 5 pmW QO xQB |wQ |x]kv CWy QO Ov=tUB |=yVvD |Q}oxR=Ov= G}=Dv
|Q=mM=QwU R= xrLQt Qy QO |rY= |=yVvD �2 w �1 Q}O=kt "CU= xOW xO=O
CQwYx@ xQB K]U QO OwHwt |=yVvD?re= 'OwW|t xOy=Wt xm Qw]u=ty "OvDUy

"CU= |Q=Wi

lQD O=H}= s=ovy QO QwUQBtm lU}r@ p=Owt p}rLD "5
x}rw=

=@ "CU= xOW x�=Q= 1 pwOH QO QwUQBtm lU}r@ x@ \w@ Qt |=yxO=O w C=YNWt
=@ Q@=Q@ xm |HQ=N |=yl} QLD x@ \w@ Qt 10|}xQo |=yQ]k 'l} QLD \}=QW x@ xHwD
QO 'pw= Tv=mQi VW QO 's=OmQy x@ \w@ Qt |=yxO=wv=N x=Qtyx@ 'OvDUy 6 w 3 '1
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"QwUQBtm lU}r@ u=QwO R= |W=v TU}tuwi VvD "6 pmW

"|Q=Wi Q=@ R= |W=v TU}tuwi VvD "7 pmW

p=mU=B=ot 210 xQB |=B QO |m}t=v}O VvD u}=Q@=v@ w 21 92 =@ Q@=Q@ 15K}LYD
[18]"Ow@ Oy=wN

lU}r@ Qta x@U=Lt "6
xO=iDU= |rLt VvQm |x} Q_v R= 'lU}r@ |wQ Q@ x}rw= lQD O=H}= =D Qta u}tND |=Q@

%CU= xOW xDiQo Q_v QO Cr=L wO 'lU}r@ Qta |x@U=Lt |=Q@ "CU= xOW
Ov=tUB |=yVvD uDiQo Q_v QO uwO@ �

QO =Q VvD RmQtD ?} Q[ Q=mOwN Qw]x@ 'OwOLt <=RH= Q=Ri=sQv xm u}= x@ xHwD =@
u}=Q@=v@ "Ow@ Oy=wN OL=w =@ Q@=Q@ 7 |x]@=Q QOKf Q=Okt 'OQ}o|t Q_v QO C=@U=Lt
|x]@=Q R= xO=iDU= =@ w p=mU=B=ot 419 48 =@ Q@=Q@ 16|tU= VvD |xvt=O Q=Okt
,=@k=aDt "OW Oy=wN �� = 414 13[Mpa] pO=at 17|rLt VvD |xvt=O '7
�" = 0 005711 Q@=Q@ 6 |x]@=Q R= xO=iDU= =@ |rLt VvQm |xvt=O Q=Okt
|xrO=at QO |rLt VvQm |xvt=O Q=Okt |Q=Po}=H =@ u}=Q@=v@ "O};|t CUO x@
"OW Oy=wN Ni = 4 7� 108 [Cycles] Q@=Q@ x}rw= lQD O=H}= Qta Q=Okt 8
OQmQ=m x@ xHwD =@ 'RDQy 1425 |Q=m Tv=mQi CLD w Xr=N O}OWD \}=QW CLD
RwQ 3 8 pO=at xNQJ O=OaD u}= |=Q@ QwUQBtm lU}r@ Qta Q=Okt '|RwQxv=@W

"CU=

"QwUQBtm lU}r@ x@ \w@ Qt |=yxO=O "1 pwOH
OQmrta u=Q=wO CaQU 28500rpm

|rN=O Q]k 36mm
|HQ=N Q]k 135mm
xQB O=OaD 23

(Front Frame) |O=y |=yxQB O=OaD 3
O=wt X=wN

xO=t ẁv Al 2618
|}=yv OL VvD 440MPa

s}rUD VvD 372MPa

�E� nv=} pwOt 74 4GPa
�K0� |rm}U Ctw=kt ?} Q[ K0 = 1085MPa

�n0� |rm}U |WvQm |DNU u=wD n0 = 0 12
��0f � |oDUN Ctw=kt ?} Q[ �0f = 1250MPa

��0f � |oDUN |Q}PB pmW ?} Q[ "0f = 0 0513
�b� |oDUN Ctw=kt u=wD b = �0 072

�c� |oDUN |Q}PBpmW u=wD c = �0 6

|Q=m s} SQ QO sWW w swU 'pw= |}xQo Q]k |a}@] |=yTv=mQi xO=wv=N "2 pwOH
"Take O�

The Frequency of each nodal diameter

in Take o� Regime

Frequency nodal nodal nodal

Number diameter 1 diameter 3 diameter 6
1 1 25E�02 1440 1627 7
2 1580 6 3749 6 3892 2
3 2867 5 4121 9 5591
4 3905 1 5819 5 7324
5 5701 8 7580 3 8142 1
6 7527 3 9175 4 9290 8

|Q=m s} SQ QO sWW w swU 'pw= |}xQo Q]k |a}@] |=yTv=mQi xO=wv=N "3 pwOH
"OQU QwDwt

The Frequency of each nodal diameter

in Cold Motor Regime

Frequency nodal nodal nodal

Number diameter 1 diameter 3 diameter 6
1 0 12633 1277 1 1295 8
2 1268 9 3641 9 3784
3 2765 1 4013 6 5321 7
4 3797 4 5508 7 7245 6
5 5414 7 7510 1 8014 5
6 7462 9 8993 3 9107 6
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"""Q=
DiQ

Q@O
v=tU

B|
=yV

vDQF=|ak=w Qta u}}aD QO Ov=tUB |=yVvD uDiQo Q_v QO C}ty= jwi C=@U=Lt `k=w QO
"OyO|t u=Wv =Q Q_v OQwt QwUQBtm xQB

|Q}oxH}Dv "7
O=H}= |xrLQt QO C=a]k |oDUN Q=DiQ Q@ Ov=tUB |=yVvD Q}F-=D Q=DWwv u}= QO
|=Q@ xa]k p=Owt R}r=v; '|oDUN C=@U=Lt R= p@k Qw_vtu}O@ "OW |UQQ@ x}rw= lQD
xa]k |Q=m \}=QW R= u=v}t]= Qw_vtx@ |tU= |m}t=v}O VvD |xvt=O |x@U=Lt
x@ l}ORv Q=}U@ |Q=m \}=QW CLD jwi QwUQBtm xm O=O u=Wv G}=Dv "OW s=Hv=
xa]k |m}t=v}O VvD |xvt=O QO Qt= u}= xm Ovm|t Q=m pw= Tv=mQi Tv=vwRQ Cr=L
|=yVvD uDiQo Q_v QO uwO@ |oDUN C=@U=Lt |xt=O= QO "OQ=Po|t |O=} R Q}F-=D
G}=Dv xm Qw]u=ty "OW s=Hv= xa]k |wQ Q@ Ov=tUB |=yVvD uOQmQw_vt =@ w Ov=tUB
xm |Dr=L G}=Dv =@ |W}=tR; uwtR; G}=Dv x@ xHwD =@ QwUQBtm Qta Q=Okt 'OvO=O u=Wv
u=Wv =Q Qta V}=Ri= �45 OwOL 'CU= xOW ^=Lr C=@U=Lt QO Ov=tUB |=yVvD
QF= 'OvQ=O |yHwD p@=k Ov=tUB VvD xm |D=a]k QO Cio u=wD|t u}=Q@=v@ "OyO|t

"Ow@ Oy=wN xOvvmu}}aD Q=}U@ C=a]k Qta QO Ov=tUB |=yVvD

QwUQBtmlU}r@ xQB |x}=B Q@ x}rw= lQD sQ=yJ RwQ QO 'jwi C=@U=Lt j@] `k=w QO
lQD O=H}= |=Q@ QwUQBtm lU}r@ Qta |@ QHD G}=Dv j@] =t= "OW Oy=wN O=H}=
s=Hv= Ov=tUB VvD Q=Okt uDiQo Q_v QO uwO@ jwi C=@U=Lt "CU= RwQ 6 x}rw=
Ov=tUB VvD Q=Okt uDiQo Q_v QO =@ jwi C=@U=Lt xQ=@ wO u}=Q@=v@ "CU= xOW

"OW Q=QmD
Ov=tUB |=yVvD uDiQo Q_v QO =@ �

xQB x}=B QO Ov=tUB VvD Q=Okt 'xQB |wQ Q@ Ov=tUB VvD |Q}oxR=Ov= G}=Dv x@ xHwD =@
|x]@=Q QO Ov=tUB VvD Q=Okt u}= |Q=Po}=H =@ "CU= p=mU=B=ot �18 =@ Q@=Q@
Ni = 6 8 � 108 [Cycles] =@ Q@=Q@ x}rw= lQD O=H}= |=Q@ Qta Q=Okt '10
=@ 'RDQy 1425 |Q=m Tv=mQi CLD w Xr=N O}OWD \}=QW CLD "OW Oy=wN
xNQJ O=OaD u}= |=Q@ QwUQBtm lU}r@ Qta Q=Okt '|RwQxv=@W OQmQ=m x@ xHwD

"O};|t CUO x@ RwQ 5 5 pO=at
O=H}= QwUQBtm lU}r@ QO sWW RwQ QO x}rw= lQD xm OyO|t u=Wv jwi pL
'C=@U=Lt QO Ov=tUB VvD uDiQo Q_v QO =@ 'OW xOy=Wt xm Qw]u=ty "OwW|t
"OW QDl}ORv QwUQBtm lU}r@ |W}=tR; |=yuwtR; G}=Dv x@ xOWx@U=Lt Qta Q=Okt

CWwv=B
1. fatigue crack initiation
2. macroscopic crack propagation
3. �nal fracture
4. notch strain-stress analysis
5. low cycle fatigue
6. local strain
7. local stress
8. front frame
9. pressure side
10. nodal diameter
11. mode shape
12. mode
13. resonance
14. damping ratio
15. quality factor
16. nominal stress
17. local stress range
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