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pmWL |xLiY p=@ wO Q@ Owta |}xLiY QO pmWL |xLiY *Qo}O p=@ |wQ Q@
xOW xO=O u=Wv uw}U=Q@}r=m |xwLv 15 pmW QO "OvQ}o Q=Qk �p=@ wO lQDWt Owta�

"CU=

Q}wYD VR=OQB "6
pFt |i=[= OQ=wt w OvwW |yOOw@y@ x@r w nvQ Q_v R= xOWxDiQo Q} w=YD O}=@ =OD@=
R= Qw_vt u}= |=Q@ "OwW hPL �CU= |R=OQB Qwv \}=QW pY=L xm � xv}tR R} wv
�national instruments vision v8 2 1� Q} wYD VR=OQB OvtCQOk Q=Ri=sQv

"s} R=OQB|t VR=OQB pL=Qt K}[wD x@ xt=O= QO "CU= xOW xO=iDU=
u=Wv|WR=OQB xvwoQy s=Hv= R= p@k 'Q=Ri=sQv x@ |OwQw w x}rw=Tma 16 pmW QO
xrLQt u}= R= |HwQN Q} wYD '|yOOw@y@ |=yl}vmD s=Hv= R= TB "CU= xOW xO=O
"OwW|t xO=DUQi C=@U=LtVN@ x@ |OwQw u=wvax@ w xOW p}O@D |} wOwO CQwYx@
p}rOx@ "OwW|t p}O@D |QDUm =N K]U x@ Q} wYD 'RtQk nvQ hPL =@ =OD@=
Q} wYD QO OwHwt |Qwv Q=wv K]U hqDN= pta u}= =@ RtQk nvQ x@ QR}r Qwv |m}ORv

119



"""xO
=iDU

==@
xDU

w}BC
qwY

Lt
|Oa

@xU
pOt

|@=}
R=@

"ji= =@ |QwLtsy w VNQJ R= TB sUH Q}wYD "19 pmW

"\=kv G=QNDU= w umU= p=L QO sUH Q}wYD "20 pmW

"sUH |Oa@ wO p}iwQB "21 pmW

\UwD xOW|Q}oxR=Ov= w |ak=w Q}O=kt 25 =D 23 |=ypmW QO "CU= xDiQo s=Hv=
xOW xO=O u=Wv 4 pmW T=U=Q@ `]kt xU QO w x]kv 13 |=Q@ |Ov@ErFt VwQ
|=Q@ =]N u}ov=}t w =]N xv}W}@ 'Q=}at h=QLv= Q=Okt 23 pmW x@ xHwD =@ "CU=

%R= CU= CQ=@a 1 xQ=tW `]kt
0 054842 mm %��� OQ=Ov=DU= Q=}at h=QLv=

0 164626 mm %3�
0 13 mm %=]N xv}W}@

0 042 mm %=]N u}ov=}t

"Q}wYD |yOOw@y@ QDr}i w nvQ hPL R= TB Q}wYD "17 pmW

"Q}wYD VR=OQB p=ta= R= TB |}=yv Q}wYD "18 pmW

sUH |Oa@wO p}iwQB w jta G=QNDU= "7
R= sUH Ct=N[ =} jta |x@U=Lt w sUH |Oa@ wO p}iwQB G=QNDU= |=Q@
|m} "CU= xOW xO=iDU= national instruments labview v8.2.1 Q=Ri=sQv
Ea=@ xm CU= u}@ QwO uw}U=Q@}r=m R= |W=v |=]N xOWxDiQo Q} wYD QO CqmWt R=
|Q=Ri=sQv K}LYD R= xO=iDU= =@ "CU= ji= x@ C@Uv |}x} w=R h=QLv= uOt; OwHw x@
QwLt =@ x} w=R uOW XNWt 'sUH R= =v@t \N Qw@a =@ "OwW|t hQ]Q@ =]N u}=
s=Hv= R= Oa@ sUH Q} wYD 19 pmW "OwW|t s=Hv= K}LYD Twmat u=QwO w '|ki=

"CU= K}LYD u}=
G=QNDU= |Qwv Ov=@ |RmQt \=kv w OwW|t |Q=OQ@ Q} wYD sUH Oa@ |xrLQt QO
QO "CU= |@=} R=@ p@=k sUH |Oa@ wO p}iwQB \=kv u}= uOt; CUO x@ =@ "OOQo|t
u}= s=Hv= |=Q@ "CU= xOW xO=O u=Wv |Q=OQ@ Q} wYD p=L QO sUH Q} wYD 20 pmW
'Q_v OQwt CkO x@ xHwD =@ 'sUH *CU=Q w AJ |=yx@r X}NWD R= TB xrLQt
=O}B xt=O= p@=kt |x@r x@ uO}UQ =D w umU= x@ ẁQW AJ CtU |x@r R= Q} wYD
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<=RH= |=yQ=Ri=sQv x@ xOWO=H}= pOt p=kDv= =@ OQ}o Q=Qk |irDNt |=ywQ}v Q}F-=D CLD

"xr=kv Q=wv K]U x@ C@Uv \=kv jta |Q}oxR=Ov= "22 pmW

"1 `]kt QO xOW |Q}oxR=Ov= w |ak=w Q}O=kt "23 pmW

"2 `]kt QO xOW |Q}oxR=Ov= w |ak=w Q}O=kt "24 pmW

|=Q@ =]N u}ov=}t w =]N xv}W}@ 'Q=}at h=QLv= Q=Okt 24 pmW x@ xHwD =@
%R= CU= CQ=@a 2 xQ=tW `]kt

�0 005385 mm %��� OQ=Ov=DU= Q=}at h=QLv=
0 016155 mm %3�

0 17 mm %=]N xv}W}@
0 066 mm %=]N u}ov=}t

|=Q@ =]N u}ov=}t w =]N st}Um =t 'Q=}at h=QLv= Q=Okt 25 pmW x@ xHwD =@
%CU= Q} R CQwYx@ 3 xQ=tW `]kt
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"ABAQUS Q=Ri=sQv x@ xOWpkDvtsUH|xOW|Ov@Vt w|Oa@xUpOt "28pmW

"ABAQUS Q=Ri=sQv x@ xOWpkDvt sUH|xOW|Q=PoQ=@ w|Oa@xUpOt "29pmW

"ABAQUS Q=Ri=sQv QO Q=@ p=ta= R= Oa@ sUH |}=Hx@=H QwDv=m "30 pmW

|RQt \}=QW p=ta= |=Q@ "CU= xOW s=Hv= |R=UpOt OQmrta CLY |UQQ@ w
'CmQL uwO@ C=yH s=tD QO OQ=O Q=Qk Q=@ p=ta= pLt p@=kt QO xm sUH R= |}xLiY
pOt 29 pmW QO "CU= xOW OwOLt s�=k CyH QO R}v sUH |Q} R |xLiY w
G=QNDU= x@ C@ wv Q=@ p=ta= R= TB "CU= xOy=Wt p@=k xOW |Q=PoQ=@ w |Oa@xU
Q=@ p=ta= R= TB sUH |}=Hx@=H u=R}t 30 pmW QO p=Ft |=Q@ &OUQ|t G}=Dv
u=wD|t Q=@ u}= R= pY=L G}=Dv |UQQ@ w pOt p}rLD =@ "CU= xOW xO=O u=Wv

"O=O s=Hv= xa]k |rta OQ@ Q=m R= p@k =Q sRq C=L}LYD

"sUH |Oa@xU pOt "26 pmW

"xOWpOt |xa]k X=wN "27 pmW

=Q xOW |L=Q] pwYLt xv w |ak=w pwYLt u=v}t]= C}r@=k VvD p}rLD w OwOLt
"OQm pQDvm u=wD|t

OwOLt <=RH= pFt |r}rLD |=yQ=Ri=sQv x@ CAD |=yQ=Ri=sQv R= p=kDv= |=Q@
u}= R= |}xvwtv "OwW |@=} R=@ w xQ}NP OQ=Ov=DU= |=yCtQi x@ xOWO=H}= pOt O}=@
R= xa]k p}rLD |=Q@ =Hv}= QO "STL w IGES 'STEP R= Ov=CQ=@a =yCtQi
p}rLD C}r@=k Q=Ri=sQv u}= 'CU= xOW xO=iDU= ABAQUS OwOLt <=RH= Q=Ri=sQv
XNWt |=ywQ}v CLD |Q=PoQ=@ \}=QW p=ta= R= TB xa]k X=wN |x�=Q= w VvD
R= |UOvy pt=m |=yQDt=Q=B ^iL |=Q@ w CAD Q=Ri=sQv R= pOt p=kDv= |=Q@ "OQ=O =Q
x@ p=kDv= R= TB sUH |Oa@xU pOt 28 pmW "CU= xOW xO=iDU= STEP CtQi
|[Qi |QwLt |WWm Q=@ l} p=ta= =@ "OyO|t u=Wv =Q ABAQUS Q=Ri=sQv
xOy=Wt |=Q@ Q=@ p=ta= `k=w QO "CiQo Q=Qk |UQQ@ w p}rLD OQwt xa]k '200 Mpa
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QO xOW h} QaD |xv}tm w xv}W}@ Q=Okt '�21 pmW� |Oa@ wO p}iwQB R= pY=L
R= xO=iDU= C} Rt "CU= Q}PBu=mt= |DL=Qx@ xU}=kt w OwW|t s}UQD R}v Tv=QrwD
CkO V}=Ri= 'QwD=QB= |Q}os}tYD CaQU V}=Ri= Q@ xwqa =yxO=O V}=tv QO =yh=Qo
QwD=QB= |=Q@ C=}rta uOw@v xOvvmxDUN '=yxO=O xR=Ov= |UQQ@ u=tR Vy=m 'QwD=QB=
u=WxOWh} QaD |Q}oxR=Ov= |xOwOLt =@ =yxO=O lDlD pQDvm x@ R=}v sOa p}rOx@
QO "OQ=O OwHw R}v =]N pLt X}NWD u=mt= OwHwt h=Qo x@ xHwD =@ "CU=
xO=O u=Wv |[Qi Tv=QrwD |xOwOLt =@ x=Qty Q_v OQwt |xa]k h=Qo 31 pmW

"CU= xOW
xvwtv |=Q@ &OQm |Q}oxR=Ov= =Q p}iwQB R= x]kv Qy QO Ct=N[ u=wD|t u}vJty
|x@U=Lt |=Q@ "CU= xOW x@U=Lt x=wNrO |x]kv l} QO Ct=N[ 32 pmW QO
u}= Q_v OQwt |xOwOLt uOQmXNWt =@ TBU w OQ=w =Q QR}r Qwv |x} w=R O}=@ `=iDQ=

"OQm x@U=Lt =Q QDt=Q=B

|Q}oxH}Dv "11
C@=F C=R}yHD ẁv R= |QR}r QvmU= xSwQB u}= QO xOW |R=UxO=}B w |L=Q] sDU}U
u}vJty w sUH O=a@= G=QNDU= QO q=@ CkO x@ |@=}CUO xSwQB u}= hOy "CU=
w |Q=Ri=CNU sDU}U ?=NDv= x@ xHwD =@ "CU= sUH |Oa@xU pOt G=QNDU=
Q=}U@ CkO =@ u}@ QwO 'xOW xO=O K}[wD uw}U=Q@}r=m C=}rta u}vJty w |Q=Ri=sQv
O=H}= pOt w QvmU= sDU}U CkO "Ow@ 0 01 |@Uv |=]N u}ov=}t w xQ@}r=m |@ wN
p=Ft u=wvax@ '|Q=Ri=CNU C=a]k Ow@y@ =@ "CU= QDt|r}t 0 055 OL QO xOW
u}= |=}=Rt Qo}O R= "O}UQ |QDq=@ |=yCkO x@ u=wD|t 'CN=wvm} Qwv COW =@ QR}r
u=mt= ?}DQDu}O@ 'CU= xOW O}rwD sUH R= |ak=w CAD pOt |x}yD sDU}U
"OwW|t Q}PBu=mt= xOW|L=Q] sUH xv w |ak=w sUH |wQ |UOvyt |=yp}rLD

"O=O s=Hv= |Qwi CQwYx@ u=wD|t =Q =yp}rLD u}=

"pw@k p@=k Tv=QrwD xOwOLt =@ x=Qty xa]k |Oa@ wO p}iwQB "31 pmW

"x=wNrO |x]kv l} QO Ct=N[ |x@U=Lt "32 pmW

C}i}m pQDvm "10
u; |xU}=kt w xa]k Ct=N[ u}}aD '`=iDQ= pQDvm Q=Ri=sQv |=yC}r@=k Qo}O R=
pw@k p@=k |O}rwD |xa]k OwW XNWt xm u}= |=Q@ CU= Tv=QrwD Q=Okt =@
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