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VÕUDVÕQGD� L]OHQHFHN� \RO� J|VWHULOPLúWLU�� dDOÕúPD� |UQHN� ELU� VLVWHP� �]HULQGH� X\JXODPD� LOH� VRQ�
EXOPXúWXU�� dDOÕúPD� GRQDQÕPÕQÕ� ROXúWXUDQ� W�P� SDUoDODUÕQ� WHNQLN� UHVLPOHUL� HN� RODUDN�
YHULOPLúWLU� 
Anahtar kelimeler:�(NVNDYDW|U��LQúDDW�PDNLQDODUÕ��KLGUROLN��NXYYHW�DQDOL]L��ERRP 



 xi 

ABSTRACT 

Excavator is a construction machine that its working system is based on hydraulic and 
mechanic foundation. Basicly, an excavator comprises three parts called lower structure, 
upper structure and work equipment. The work equipment is used for performing main 
functions of an excavator such as digging and loading etc. It consists of a boom, an arm, a 
bucket and three hydraulic cylinders controlled by the operator to put the boom, the arm and 
the bucket in a proper position. In addition to, pins are used to make a connection between 
those main parts and to operate them properly.  

The working equipment is the most affected part of an excavator by reactive forces because of 
the operation conditions. As a result, force analysis is a vital part of design of the work 
equipment. The force analysis starts with calculation of a reactive force that affects a bucket. 
Then force diagrams of every component are drawn to see stress conditions. Strength of every 
component is controlled regarding to their stress conditions. Finally, every component is 
shaped into their ultimate forms.     

The thesis begins with the explanation of structure and hydraulic system of an excavator. 
Then it is focused on components and the force analysis. It ends with a study of an example 
system. Mechanical drawings of every component are attached to the end of the thesis. 

Keywords: Excavator, construction machine, hydraulic, force analysis, boom
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1. *ø5øù 

øQVDQODU� YDUROXúODUÕQGDQ� J�Q�P�]H� NDGDU� J�o� YH� VH]JLOHULQL� DUWWÕUDUDN� ]DPDQ� YH� HQHUML\L�
YHULPOL� úHNLOGH� NXOODQDELOPHN� LoLQ� ELOLP� YH� WHNQRORMLQLQ� \DUGÕPÕ� LOH� oHúLWOL� PDNLQDODU�
JHOLúWLUPLúOHUGLU�� 0DNLQDODU� HQHUML� ROXúWXUDQ�� GH÷LúWLUHQ� YH\D� LOHWHQ� \DSÕWODUGÕU� YH� HQ� JHQHO�
WDU]GD��PRWRUODU�YH�Lú�PDNLQDODUÕ�ROPDN��]HUH�LNL\H�D\UÕOÕUODU���0RWRUODU�ÕVÕ��KLGUROLN��HOHNWULN�
JLEL� HQHUMLOHUL� PHNDQLN� HQHUML\H�� Lú� PDNLQDODUÕ� LVH� PHNDQLN� HQHUML\L�� PHNDQLN� LúH�
G|Q�úW�U�UOHU��0RWRUODU�G|Q�úW�U�OHQ�HQHUML\H�J|UH� LVLPOHQGLULOLUNHQ�� Lú�PDNLQDODUÕ� LVH� WDNÕP�
WH]JDKODUÕ��WHNVWLO�PDNLQDODUÕ��\RO�YH�LQúDDW�PDNLQDODUÕ�JLEL�oHúLWOL�JUXSODUD�D\UÕOÕUODU� 

(NVNDYDW|UOHU�\RO�YH� LQúDDW�PDNLQDODUÕQGDQ�ELUL�ROXS� Lú�PDNLQDODUÕ�JUXEXQD�JLUHUOHU��.D]PD��
GHOPH��\�NOHPH��ERúDOWPD�JLEL�LúOHPOHU�LoLQ�\RO��\DSÕ�LQúDDWODUÕQGD�YH�PDGHQFLOLN�JLEL�SHN�oRN�
DODQGD�NXOODQÕOPDNWDGÕUODU��*�Q�P�]GH�oDOÕúPD�D÷ÕUOÕ÷Õ�PXKWHOLI�WRQODUGD��ROPDN��]HUH�oHúLWOL�
�UHWLFLOHU� WDUDIÕQGDQ� LPDO� HGLOPHNWHGLUOHU��(Q� JHQHO� ELoLPGH�ùHNLO� ���¶GH� J|U�OG�÷��JLEL� �VW�
\DSÕ��DOW�\DSÕ�YH�oDOÕúPD�GRQDQÕPÕ�ROPDN��]HUH��o�DQD�E|O�PGHQ�PH\GDQD�JHOLUOHU� 

 

ùHNLO�����(NVNDYDW|U��ROXúWXUDQ�E|O�POHU 

hVW� \DSÕ� WDKULNL� VD÷OD\DQ� LoWHQ� \DQPDOÕ�PRWRU�� KLGUROLN� oDOÕúPD� DNVDPÕ�� NRQWURO� NDELQL� JLEL�
HNVNDYDW|U�Q� DQD� HOHPDQODUÕQÕ� WDúÕ\DQ� YH� oHYUHOH\HQ� NÕVÕPGÕU�� $OW� \DSÕ� LVH� \�U�\�ú�
WDNÕPODUÕQÕ�YH��VW�\DSÕQÕQ�NHQGL�HWUDIÕQGD�����GHUHFH�G|QPHVLQL�VD÷OD\DQ�G�]HQHNWHQ�ROXúXU��
$OW�\DSÕ�\DQL�\�U�\�ú�WDNÕPÕ�SDOHWOL�YH\D�WHNHUOHNOL�RODUDN��UHWLOLU��3DOHWOL�WDNÕPÕQ�GH]DYDQWDMÕ�
NDUD\ROODUÕQGD� NHQGL� EDúÕQD� KDUHNHW� HGHPHGL÷LQGHQ� EDúND� ELU� DUDo� WDUDIÕQGDQ� WDúÕQPDVÕ�
JHUHNOLOL÷LGLU�� 7HNHUOHNOL� \�U�\�ú� WDNÕPÕQD� VDKLS� HNVNDYDW|UOHU� LVH� KHU� W�UO�� NDUD\ROXQGD�
XODúÕP� VD÷OD\DELOLUOHU�� 3DOHWOL� \�U�\�ú� WDNÕPODUÕ� JHQHOOLNOH� oDPXUOX� YH\D� \XPXúDN� ]HPLQ�
oDOÕúPDODUÕQGD�KDUHNHW�NROD\OÕ÷Õ�VD÷ODGÕ÷ÕQGDQ�WHUFLK�HGLOLUOHU��dDOÕúPD�GRQDQÕPÕ�LVH�Lú�SDUoDVÕ�
LOH�oDOÕúPD\Õ�VD÷OD\DQ��RSHUDW|U�WDUDIÕQGDQ�NRQWURO�HGLOHQ�NRO�SDUoDODUÕ�YH�KLGUROLN�VLOLQGLUOHUL�
kapsayan bölümdür.  
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Ekskavatörler temelde hidrolik enerjinin mekanik enerjiye, mekanik�HQHUMLQLQ�GH�PHNDQLN�LúH�
G|Q�úW�U�OPHVL� SUHQVLEL� LOH� oDOÕúÕUODU�� (NVNDYDW|U�Q� HQHUML� DNÕú� úHPDVÕ� ùHNLO� ���¶GH�
görülmektedir. 

 

 

 

 

ùHNLO�����(NVNDYDW|UOHULQ�HQHUML�DNÕú�úHPDVÕ 
(NVNDYDW|UGH�GHSRGD�EXOXQDQ�DNÕúNDQ��SRPSD�WDUDIÕQGDQ�GLQDPLN�KDOH�G|Q�úW�U�O�QFe ortaya 

EHOLUOL� ELU� EDVÕQFÕ�� GHELVL� YH� Lú� \DSDELOPH� |]HOOL÷L� RODQ� KLGUROLN� HQHUML� oÕNDU�� %X� HQHUMLQLQ�
VLVWHPLQ� LKWL\DoODUÕQD� FHYDS� YHUHELOPHVL� LoLQ� X\JXQ� EDVÕQo�� \|Q� YH� DNÕú� NRQWURO� YDOIOHUL�
NXOODQÕOÕU��%|\OHFH�VLVWHPLQ�LVWHQHQ�EDVÕQoWD�oDOÕúPDVÕ�VD÷ODQÕU��KÕ]�YH�\|Q�NRQWUROOHUL�\DSÕOÕU��
+LGUROLN�HQHUML�LOH�GR÷UXVDO�KDUHNHW�HOGH�HGHELOPHN�LoLQ�oLIW�HWNLOL�VLOLQGLUOHU��GDLUHVHO�KDUHNHW�
HOGH� HWPHN� LoLQ� LVH� KLGUROLN�PRWRUODU� NXOODQÕOÕU��*�Q�P�]GH�KLGUROLN� HQHUMLQLQ�NXOODQÕOPD\D�
EDúODQÕOPDVÕ� LOH� HNVNDYDW|UOHU� JLEL� oRN� SDUoDOÕ� YH� KDUHNHWOL� Lú� PDNLQDODUÕQGD� HVNLGHQ�
X\JXODQDQ�PHNDQL÷LQ�\DUDWWÕ÷Õ�SUREOHPOHU�o|]�PH�XODúPÕúWÕU��(Q�EDVLW�úHNOL�LOH�HNVNDYDW|U�Q�
KLGUROLN�GRQDQÕPÕ�ùHNLO����¶GH�J|U�OPHNWHGLU� 

+ 

ùHNLO�����(NVNDYDW|UOHULQ�KLGUROLN�GRQDQÕPÕ�� 
ùHNLOGH�J|U�OHQ�DQD�PRWRU�VLVWHPH�EDVÕQoOÕ�DNÕúNDQ�VD÷OD\DQ�SRPSDODUÕQ�WDKULNLQGH�NXOODQÕODQ�
GL]HO�PRWRUGXU��3RPSDODUGDQ�oÕNDQ�EDVÕQoOÕ�DNÕúNDQÕQ�GD÷ÕWÕPÕ�ELUGHQ�ID]OD�\|Q�NRQWURO��DNÕú�
YH� EDVÕQo� G�]HQOH\LFL� YDOIOHUGHQ� PH\GDQD� JHOHQ� NRQWURO� YDOI� EOR÷X� WDUDIÕQGDQ� VD÷ODQÕU��
.RQWURO�YDOI�EOR÷XQGDQ�oÕNDQ�DNÕúNDQ�KLGUROLN�ERUXODU�YH�KRUWXPODU� LOH�NRQWUROO��ELU�úHNLOGH�
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KDUHNHWLQ� LVWHQGL÷L� VLOLQGLUH� YH\D� PRWRUD� LOHWLOLU�� +LGUROLN� VLVWHP� LoHUVLQGH� oR÷XQOXNOD�
GH÷LúNHQ� GHELOL� SRPSDODU� YH� PRWRUODU� NXOODQÕOÕU�� %XQXQ� VHEHEL� oÕNÕú� GHYLU� VD\ÕODUÕQÕQ��
PRPHQWOHULQ� YH� NXYYHWOHULQ� NDGHPHVL]� RODUDN� YH� LVWHQHQ� DUDOÕNWD� NROD\OÕNOD�
ayarlanabilmesidir. 

%X� E|O�PH� NDGDU� HNVNDYDW|UOHU� KDNNÕQGD� � EDVLW� YH� DoÕNOD\ÕFÕ� ELOJLOHU� YHULOPLú� YH� KLGUROLN�
oDOÕúPD�PHNDQL]PDVÕ�NÕVDFD�DoÕNODQPÕúWÕU�� øOHUOH\HQ�E|O�POHUGH�oDOÕúPDQÕQ�DQD�NRQXVX�RODQ�
oDOÕúPD�GRQDQÕPÕ�LQFHOHQHFHNWLU��gQFHOLNOH�oDOÕúPD�GRQDQÕPÕQÕ�ROXúWXUDQ�SDUoDODUÕQ�\DSÕVÕ�YH��
|]HOOLNOHUL� KDNNÕQGD� ELOJL� YHULOHFHNWLU�� 'DKD� VRQUD� VLVWHPLQ� NXYYHW� DQDOL]L� \DSÕODFDN� YH�
oDOÕúPD��|UQHN�ELU�VLVWHP��]HULQGH�X\JXODPD�LOH�VRQ�EXODFDNWÕU��� 
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2. �d$/,ù0$�'21$1,0, 
dDOÕúPD�GRQDQÕPÕ� \DQL� NROODU� HNVNDYDW|U�Q� Lú� SDUoDVÕ� LOH� oDOÕúÕOPDVÕQÕ� VD÷OD\DQ�E|O�P�G�U���
'RQDQÕPÕ�ROXúWXUDQ��SDUoDODU�ùHNLO����¶GH�J|U�OPHNWHGLU� 

 

ùHNLO�����dDOÕúPD�GRQDQÕPÕ 

ùHNLOGH� J|U�OG�÷�� JLEL� oDOÕúPD� GRQDQÕPÕ� ERRP�� NHSoH�� NRO� ROPDN� �]HUH� �o� DQD� SDUoD� YH�
EXQODUD� KDUHNHW� YHUHQ� KLGUROLN� VLOLQGLUOHUGHQ� PH\GDQD� JHOLU�� +HU� VLOLQGLU� KDUHNHW� YHUGL÷L�
SDUoDQÕQ�LVPLQL�DOÕU��$\UÕFD�EX�DQD�SDUoDODUÕ�ED÷ODPDN��NXYYHW�LOHWLPLQL�VD÷ODPDN�LoLQ�oHúLWOL�
ED÷ODQWÕ�HOHPDQODUÕ�SHUQRODU�YH�\DUGÕPFÕ�HOHPDQODU�NXOODQÕOPDNWDGÕU�* 

(NVNDYDW|U� VHoLPL� \DSÕOÕUNHQ� oDOÕúPD� GRQDQÕPÕQD� DLW� oHúLWOL� � E�\�NO�NOHUH� GLNNDW� HGLOLU��%X�
E�\�NO�NOHU�� oDOÕúPD� GRQDQÕPÕQÕQ� \DSWÕ÷Õ� KDUHNHWOHU� YH� oL]GL÷L� HNVHQOHU� ùekil 2.2’deki gibi 

JUDILNOHU�\DUGÕPÕ�LOH�NDWDORJODUGD�J|VWHULOLU��%X�E�\�NO�NOHU�YH�WDQÕPODUÕ�ú|\OHGLU� 

��0DNVLPXP� ND]PD� HULúLPL�$��� .HSoH� WÕUQDNODUÕQÕQ� \DWD\GD� HULúHELOGL÷L� PDNVLPXP�
X]DNOÕNWÕU�� 

��=HPLQGH� PDNVLPXP� ND]PD� HULúLPL�%��� .HSoH� WÕUQDNODUÕQÕQ� ]HPLQ� �]HULQGH� HULúHELOGL÷L�
PDNVLPXP�X]DNOÕNWÕU� 

��0DNVLPXP� ND]PD� GHULQOL÷L�&��� .HSoHQLQ� HULúLS� ND]DELOGL÷L� WRSUD÷ÕQ� ]HPLQGHQ�
GHULQOL÷LGLU�� 

��0DNVLPXP� GLNH\� GXYDU� ND]PD� GHULQOL÷L�(��� .HSoHQLQ� ]HPLQ� DOWÕQGD� ND]DELOGL÷L�
yüksekliktir. 


ùHNLO����¶GH�NXOODQÕODQ�SDUoD�QXPDUDODUÕ�WH]�ER\XQFD�NROD\OÕN�VD÷ODPDVÕ�LoLQ�NXOODQÕODFDNWÕU. 
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��0DNVLPXP�NHVPH�\�NVHNOL÷L�)���.HSoHQLQ�]HPLQLQ��VW�QGH�ND]DELOGL÷L��\�NVHNOLNWLU� 

��0DNVLPXP� ERúDOWPD� \�NVHNOL÷L�*��� .HSoHQLQ� WDúÕGÕ÷Õ� WRSUD÷Õ� NDOGÕUÕS� ERúDOWDELOHFH÷L�
yüksekliktir.    

 

ùHNLO�����dDOÕúPD�GRQDQÕPÕQGD�|QHPOL�E�\�NO�NOHU 

2.1 dDOÕúPD�'RQDQÕPÕQÕ�2OXúWXUDQ�3DUoDODU 

2.1.1 Boom 

ùHNLO����¶GH�J|U�OG�÷��JLEL�oDOÕúPD�GRQDQÕPÕQÕQ�HQ�E�\�N�SDUoDVÕGÕU��%�\�NO�÷�QH�J|UH�ELU�
YH\D�LNL�DGHW�VLOLQGLUOH�KDUHNHWL�VD÷ODQÕU��*HQHOOLNOH�WHN�SDUoD�KDOLQGH�LPDO�HGLOPHVLQH�UD÷PHQ�
LNL�SDUoDOÕ�RODQODUÕ�GD�YDUGÕU��ùHNLO����¶GH��VW�WDUDIWD�WHN�SDUoDOÕ�DOW�WDUDIWD�LVH�LNL�SDUoDOÕ�ERRP�
J|U�OPHNWHGLU��$\QÕ�E�\�NO�NWHNL� LNL�SDUoD�ERRP��WHN�SDUoD�ERRPD�J|UH�KDUHNHW�oHúLWOLOL÷LQL�
DUWWÕUÕUNHQ� D\QÕ� ]DPDQGD� GDKD� |QFH� EDKVHWWL÷LPL]� EHOLUOH\LFL� E�\�NO�NOHUGH� GH� DUWÕú� VD÷ODU��
IDNDW�PRQWDMÕ�LoLQ�HN�SDUoDODU�YH�KDUHNHWL�LoLQGH�HN�ELU�VLOLQGLU�LKWL\DFÕ�YDUGÕU� 

2.1.2 Kol 

%RRP� �]HULQH� \HUOHúWLULOHQ� WHN� ELU� VLOLQGLU� LOH� KDUHNHWL� VD÷ODQÕU�� ùHNLO� ���¶GH� |UQHN� ELU� NRO�
GL]D\QÕ� J|U�OPHNWHGLU��.RO� �]HULQH� NHSoHQLQ�KDUHNHWLQL� VD÷OD\DQ� VLOLQGLU� YH�ELUL� NRO� �]HULQH�
GL÷HUL� LVH�NHSoH\H�ED÷ODQDQ� LNL�N�o�N�SDUoD�EXOXQPDNWDGÕU��%X�N�o�N�SDUoDODU�NHSoHQLQ�NRO�
�]HULQGHNL�SHUQR�HWUDIÕQGD�GDLUHVHO�KDUHNHWLQL�VD÷ODPDN�DPDFÕ�LOH�NXOODQÕOÕU� 
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ùHNLO�����7HN�YH�LNL�SDUoDOÕ�ERRP 

 

ùHNLO�����.RO 

2.1.3 Kepçe 

dDOÕúPD�GRQDQÕPÕQÕQ�Lú�SDUoDVÕ\OD� WHPDVWD�EXODQDQ�E|O�P�G�U��(NVNDYDW|UOHU� LoLQ� Lú�SDUoDVÕ�
JHQHOOLNOH� WRSUDN�� NXP�� oDNÕO�� WDú� YH� oHúLWOL� PDGHQOHUGLU�� %X� WLS� PDO]HPHOHU� DúÕQGÕUÕFÕ�
ROGXNODUÕQGDQ� NHSoHOHU� LPDODWODUÕ� VÕUDVÕQGD� oDOÕúPD� RUWDPODUÕ� J|]� |Q�QGH� EXOXQGXUXODUDN�
PDO]HPH� VHoLPL� \DSÕOÕU�� DúÕQPD\D� NDUúÕ� \�]H\� VHUWOHúWLUPH� LúOHPLQH� WDEL� WXWXOXU� YH� DúÕQPD�
SODNDODUÕ�LOH�NDSODQÕUODU� 

2.1.4 Hidrolik Silindirler 

Ekskavatörlerde çift etNLOL� VLOLQGLUOHU� NXOODQÕOÕU�� 6LOLQGLU� WDEDQÕ� YH� SLVWRQ� NROX� NDIDVÕ� HNOHP�
ED÷ODQWÕOÕ�RODUDN�LPDO�HGLOLUOHU�� 

 

ùHNLO�����dLIW�HWNLOL�KLGUROLN�VLOLQGLU 
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2.2 dDOÕúPD�'RQDQÕPÕQÕQ�.XYYHW��$QDOL]L 
(N��¶GH�J|U�OG�÷��JLEL�VWDWLN�)�NXYYHWLQLQ�NHSoH\L�]RUOD\ÕFÕ�\|QGH�HWNL�HWWL÷L�YH�VLVWHPLQ�EX�
NXYYHWLQ� HWNLVL� LOH� GXUGX÷XQX� YH\D� VDELW� KÕ]OD� KDUHNHW� HWWL÷L� NDEXO� HGLOPLúWLU�� %X� NXYYHW�
NHSoHQLQ� ND]PD� LúOHPLQL� \DSDUNHQ� NDUúÕVÕQD� oÕNDQ� WHSNL� NXYYHWL� RODUDN� GD� WDQÕPODQDELOLU��
%XUDGDQ�\ROD�oÕNDUDN�oDOÕúPD�GRQDQÕPÕQD�HWNL�HGHQ�W�P�NXYYHWOHU�(N��¶GH�J|VWHULOPLúWLU� 

Fpim1x

Fpim1y

F12

Wkepçe

F

 

ùHNLO�����.HSoH�LoLQ�VHUEHVW�FLVLP�GL\DJUDPÕ 
.HSoH�LoLQ�oL]LOHQ�VHUEHVW�FLVLP�GL\DJUDPÕQD�J|UH� 

kepçeW

kepçe

FF
RWRFRFM 111211 ...0 12 +=⇒=∑  (2.1) 

∑ =−⇒= xpimx FBFAFF 112 sin.sin.0  (2.2) 

ypimkepçey FWBFAFF 112 cos.cos0 =−+⇒=∑  (2.3) 

)�NXYYHWL�ELOLQGL÷L�WDNGLUGH�)12�NXYYHWL������QXPDUDOÕ�GHQNOHP�\DUGÕPÕ�LOH�KHVDS�HGLOPHNWHGLU��
F13 ve Fc NXYYHWOHUL�LVH�DúD÷ÕGDNL�\RO�L]OHQHUHN�KHVDSODQDELOLU�� 
Her üç kuvvetinde (F12, F13 ,Fc��GR÷UXOWXVX�YH�\|Q��ELOLQPHNWHGLU��ùHNLO����¶GHNL����QXPDUDOÕ�
SDUoD�ùHNLO����¶GHNL�JLEL�ELU�PHVQHW�RODUDN�G�ú�Q�O�U�YH�)12, Fc kuvvetleri bu mesnet üzerine 

\HUOHúWLULOLU��0HVQHWLQ�VWDWLN�DQDOL]L�\DSÕOÕUVD�DúD÷ÕGDNL�VRQXoODU�HOGH�HGLOLU�   

Ry

Rx O

F12y

y

x

F12

F12x

Fcx

Fcy

Fc���QROX�SDUoD

 

ùHNLO�����)12, Fc, F13�NXYYHWOHULQLQ�KHVDSODQPDVÕ 
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α

β

cos

cos.
0

12

12

F
FFFM cycyo =⇒=⇒=∑  (2.4) 

130 FRF xx =⇒=∑  olmak üzere βα sin.sin. 121213 FFFFF cxcx +=+=  (2.5) 

)� NXYYHWLQLQ� GH÷HULQLQ� ELOLQPHVL� JHUoHNWH� P�PN�Q� GH÷LOGLU�� )� NXYYHWLQLQ� \|Q��� úLGGHWL��
GR÷UXOWXVX�WDPDPHQ�ND]PD�LúOHPL�VÕUDVÕQGD�Lú�SDUoDVÕQÕQ�J|VWHUGL÷L�WHSNL�NXYYHWLQH�ED÷OÕGÕU��
dDOÕúPD� GRQDQÕPÕQD� HWNL� HGHQ�� WDVDUÕP� LoLQ� JHUHNOL�PDNVLPXP� NXYYHWOHUL� KHVDS� HGHELOPHN�
LoLQ� KLGUROLN� VLOLQGLUOHU� WDUDIÕQGDQ� ROXúWXUXODQ� NXYYHWOHUH� ED÷OÕ� ELU� )� NXYYHWL� WDQÕPODPDN�
JHUHNOLGLU��(NVNDYDW|U�Q�\DSÕVÕQD�EDNÕOGÕ÷ÕQGD�ERRP�VLOLQGLULQLQ�����NRO�VLOLQGLULQLQ����NHSoH�
VLOLQGLULQLQ� ��� YH� ��� QXPDUDOÕ� SDUoD� \DUGÕPÕ� LOH� �� QXPDUDOÕ� SHUQR� HWUDIÕQGD� PRPHQW�
ROXúWXUDUDN� G|QPH� KDUHNHWL� PH\GDQD� JHWLUGL÷L� J|U�O�U�� � %X� PRPHQWOHU� (N� �¶GH� J|VWHULOHQ�
NHSoH� WÕUQDN� XFXQGD� ROXúDQ� YH� NHSoH� WÕUQDN� XFXQXQ� LOJLOL� SHUQR� HWUDIÕQGD� L]OHGL÷L� GDLUHVHO�
\|U�QJH\H� WH÷HW� NXYYHWOHUH� LQGLUJHQLUVH� RUWD\D� KHU� VLOLQGLUH� DLW� ND]PD� NXYYHWOHUL� oÕNDU�� %X�
\ROOD�LKWL\Do�GX\XODQ�\|Q���úLGGHWL��GR÷UXOWXVX�EHOOL�ELU�)�NXYYHWL�HOGH�HGLOPLú�ROXU�� 
Kazma� NXYYHWOHUL� HNVNDYDW|U� VHoLPL� \DSÕOÕUNHQ� GLNNDW� HGLOHQ� E�\�NO�NOHUGLU�� .DWDORJODUGD�
JHQHOOLNOH� NRO� VLOLQGLUL� WDUDIÕQGDQ� ROXúWXUXODQ� NRO� ND]PD� NXYYHWL� �)B), kepçe silindiri 

WDUDIÕQGDQ� ROXúWXUXODQ� NHSoH� ND]PD� NXYYHWLQLQ� �)C�� PDNVLPXP� GH÷HUOHULQH� \HU� YHULOLUNen 

ERRP� VLOLQGLULQH� DLW� ND]PD� NXYYHWLQGHQ� EDKVHGLOPH]�� %XQXQ� QHGHQL� ERRP� VLOLQGLULQLQ� DVÕO�
J|UHYLQLQ� ND]PD� \DSPDN� GH÷LO�� NRO� YH� NHSoH� VLOLQGLULQLQ� ND]PD� VÕUDVÕQGD� X\JXQ� NRQXPX�
DOPDVÕQÕ�VD÷ODPDVÕGÕU�� 
'L÷HU� NXYYHWOHULQ� KHVDSODUÕ� GD� VWDWLN� GHQJH� GHQNOHPOHUL� NXOODQÕODUDN� VHUEHVW� FLVLP�
GL\DJUDPODUÕQD�J|UH�\DSÕOÕU��ùHNLO����¶GH���QXPDUDOÕ�SHUQR�HWUDIÕQGD�RUWD\D�oÕNDQ�NXYYHWOHULQ�
GXUXPXQX�J|VWHUHQ�VHUEHVW�FLVLP�GL\DJUDPÕ�J|U�OPHNWHGLU� 
Diyagrama göre; 

FW

kepçe

W

kol

F

b

F

b RFRWRWRCFRCFM kepçekolbybx

777777 ....cos..sin.0 =+++⇒=∑  (2.6) 

BFFCFF xpimbx sin.sin.0 7 +=⇒=∑  (2.7) 

kepçekolypimby WWFBFCFF ++=+⇒=∑ 7coscos.0  (2.8) 

 úHNOLQGH�\D]ÕOÕU� 
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Fb

Fpim7y

Fpim7x Wkol

Wkepçe

F

y

x

C
 

ùHNLO�������QXPDUDOÕ�SHUQR�oHYUHVLQGHNL�NXYYHWOHU�LoLQ�VHUEHVW�FLVLP�GL\DJUDPÕ 
6LVWHP� LoHUVLQGH� LKWL\Do� GX\XODQ� ERRP� VLOLQGLUL� NXYYHWLQLQ� EXOXQPDVÕ� LoLQ� LVH� ERRPXQ�
dengesinden \DUDUODQÕOÕU��ùHNLO����¶GD�ERRPXQ�VHUEHVW�FLVLP�GL\DJUDPÕ�J|U�OPHNWHGLU� 

10

Wboom

Fb

Fa

Fpim7x

Fpim7y

 

ùHNLO�����%RRP�VHUEHVW�FLVLP�GL\DJUDPÕ 
6HUEHVW�FLVLP�GL\DJUDPÕ�LoLQ�∑ ⇒= 010M  

0.cos..sin.... 10101071071010
77 =−−−++ bybxypimxpimbooma

F

b

F

b

F

ypim

F

xpim

W

boom

F

a RCFRCFRFRFRWRF (2.9) 

 RODUDN�\D]ÕOÕU� 
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EkskavatörlHU�oRN�\|QO��PDNLQDODU�ROPDVÕQGDQ�|W�U��KHU�NRQXPGD�ROXúDQ�NXYYHW�GH÷HUOHUL�YH�
SDUoDODUÕQ�DOGÕNODUÕ�NRQXPODU�IDUNOÕOÕN�J|VWHULU��%XQGDQ�GROD\Õ�|QFHOLNOH�NROODUÕQ�NRQXPODUÕQÕ�
λ, µ, ϕ�JLEL�GH÷LúNHQOHU�DUDFÕOÕ÷Õ\OD�EHOLUOHPHN� LúOHPOHU�DoÕVÕQGDQ�NROD\OÕN�VD÷OD\DFDNWÕU��%X�
WDQÕPODPDGDQ� VRQUD� NROODUÕQ� oL]GL÷L� GDLUHVHO� \|U�QJHOHU� YH� DoÕODU� \DUGÕPÕ� LOH� NXYYHWOHULQ�
KHVDSODQPDVÕQÕ�VD÷OD\DQ�ED÷ÕQWÕODU�\D]ÕODELOPHNWHGLU� 

 

ùHNLO������dDOÕúPD�GRQDQÕPÕ�NRQXPODUÕQÕQ�EHOLUOHQPHVL 
Denge denklemOHUL�o|]�O�UNHQ�PRPHQW�GH÷HUOHUL�LoLQ�NXYYHW�NROX�X]XQOXNODUÕ�KHVDS�HGLOPHN�
]RUXQGDGÕU�� %X� GH÷HUOHUGHQ� ED]ÕODUÕ� G�]J�Q� GH÷LúLPOHU� J|VWHUPH]NHQ� ED]ÕODUÕ� GRQDQÕP�
SDUoDODUÕQÕQ� NRQXPODUÕQD� J|UH� HúLWOLNOHU� \D]ÕODUDN� KHVDS� HGLOHELOLUOHU�� ùHNLO� ����¶GH� EX�
GH÷HUOHULQ� QDVÕO� KHVDSODQGÕ÷ÕQD� GDLU� ED]Õ� GH÷HUOHU� YHULOPLúWLU�� gUQHN� RODUDN� $� QRNWDVÕQGD�
EXOXQDQ� G�úH\� NXYYHWLQ� �� QXPDUDOÕ� QRNWD\D� RODQ� NXYYHW� NROX� X]XQOX÷X� 26cos.22 RX =  

úHNOLQGH� \D]ÕOÕU�� .RO� µ, boom λ� NDGDU� G|QG�÷�QGH� EX� GH÷HU�
[ ] )��26cos(. nn22 −−= RX

n
GH÷HULQL�DODFDNWÕU��$\QÕ�úHNLOGH���QXPDUDOÕ�QRNWDQÕQ���QXPDUDOÕ�

QRNWD\D� RODQ� \DWD\� X]DNOÕ÷Õ� [ ] )66cos(.11 nn
RX �−= � RODUDN� \D]ÕOÕU�� $� QRNWDVÕQGD� EXOXQDQ�

NXYYHWLQ� �� QXPDUDOÕ� QRNWD\D� RODQ� NXYYHW� NROX� X]XQOX÷X� ;1+X2� RODFD÷ÕQGDQ�
[ ] )26cos(.)66cos(. 211 nnnn

A RRR ��� −−+−= GH÷HULQL�DOÕU� 

1RNWDODUÕQ� ELUELUOHULQH� J|UH� EDúODQJÕo� GH÷HUOHUL� DOÕQGÕNWDQ� VRQUD� EX� úHNLOGH� KHVDSODPDODU�
\DSÕODUDN� GRQDQÕP� GDKLOLQGHNL� KHU� QRNWDQÕQ� ELUELULQH� RODQ� \DWD\� YH� G�úH\� X]DNOÕNODUÕ�
EXOXQDELOLU�� %|\OHOLNOH� KHU� NRQXP� LoLQ� D\UÕ� D\UÕ� GH÷HU� |Oo�P�� \DSPD� ]RUXQOXOX÷X� RUWDGDQ�
NDONPÕú�ROXU� 
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X2X1
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A

R2

R1

 

ùHNLO������'HQJH�GHQNOHPOHUL�LoLQ�JHUHNOL�WHULPOHULQ�EXOXQPDVÕ 
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3.   UYGULAMA 

gUQHN�HNVNDYDW|U�Q�LQFHOHQPHVLQH�EDúODPDGDQ�|QFH�HNVNDYDW|U�SDUoD�D÷ÕUOÕNODUÕQÕQ�ELOLQPHVL�
JHUHNOLGLU��%X�D÷ÕUOÕNODU�dL]HOJH����¶GH�YHULOPLúWLU� 

dL]HOJH�����(NVNDYDW|U��ROXúWXUDQ�SDUoD�D÷ÕUOÕNODUÕ 
%RRP�$÷ÕUOÕ÷Õ 210 kg 

.RO�D÷ÕUOÕ÷Õ 150 kg 

.HSoH�D÷ÕUOÕ÷Õ 82 kg 

(NVNDYDW|U�J|YGH�D÷ÕUOÕ÷Õ 3500 kg 

 

dDOÕúPD�GRQDQÕPÕ�NRQXPODUÕQÕQ�YH�GHQJH�GHQNOHPOHUL�GH÷LúNHQOHULQLQ�λ, µ ve ϕ�GH÷erlerine 

ED÷OÕ� RODUDN� WDQÕPODQPDVÕ� JHUHNWL÷L� ELU� |QFHNL�E|O�PGH�YHULOPLúWLU��<DSÕODQ�|Oo�POHU�|UQHN�
ekskavatör için λ=0°�130°, µ=0°�102°, ϕ=0°�189°�GH÷HUOHUL�DUDVÕQGD�GH÷LúWL÷LQL�J|VWHULU�� 

3.1 Denge Denklemlerinin Kazma Kuvvetleri, λλ, µµ Ve ϕϕ� 'H÷HUOHULQH� *|UH�
7DQÕPODQPDVÕ 

3.1.1 Kepçe Kazma Kuvvetine Göre Denge Denklemleri  

3.1.1.1 Kepçe Bölümü 

.HSoH�ND]PD�NXYYHWLQH�J|UH�NHSoH�E|O�P�QGH�RUWD\D�oÕNDQ�NXYYHWOHULQ�KHVDSODQPDVÕQGD������
����� ����� ����� ���� QXPDUDOÕ� GHQNOHPOHU� NXOODQÕOÕU�� 'HQJH� GHQNOHPOHULQLQ� NHSoH� ND]PD�
kuvvetine g|UH�\D]ÕOÕúÕ�DúD÷ÕGDNL�JLELGLU� 

Fpim1x

Fpim1y

F12

Wkepçe

FC

 

ùHNLO�����.HSoH�ND]PD�NXYYHWL�LoLQ�NHSoH�E|O�P��VHUEHVW�FLVLP�GL\DJUDPÕ 
kepçeC

W

kepçe

FF

C RWRFRFM 111211 ...0 12 +=⇒=∑  (3.1) 

∑ =−⇒= xpimCx FBFAFF 112 sin.sin.0  (3.2) 
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ypimkepçeCy FWBFAFF 112 cos.cos0 =−+⇒=∑  (3.3) 

.cos

�cos.12F
Fc =  (3.4) 

βα sin.sin. 121213 FFFFF cxcx +=+=  (3.5) 

'HQJH� GHQNOHPOHULQGH� NXOODQÕODFDN� RODQ� WHULPOHULQ� QDVÕO� HOGH� HGLOHFH÷L� dL]HOJH� ���¶GH�
J|VWHULOPLúWLU�� *UDILN� RODUDN� YHULOHQ� GH÷HUOHU� VLVWHP� LoHUVLQGH� G�]J�Q� GH÷LúLP�
J|VWHUPHGL÷LQGHQ�(N��¶GH�GH÷LúLN�ϕ�GH÷HUOHULQH�J|UH�|Oo�POHU�\DSÕODUDN�oL]LOPLúWLU��øúOHPOHUH�
NHSoH� VLOLQGLUL�NXYYHWL�KHVDSODQDUDN�EDúODQPDOÕGÕU��.HSoH�VLOLQGLUL�NXYYHWLQGHQ�VRQUD�)12 ve 

F13�NXYYHWL�EXOXQPDOÕ�GDKD�VRQUD���������������QXPDUDOÕ�GHQNOHPOHU�o|]�OPHOLGLU�� 
Çizelge 3.2 Kepçe kazma kuvveti için kepçe bölüm��GHQNOHPOHULQGH�NXOODQÕODQ�WHULPOHU 

CF
R1

(mm) Sbt=729,46 

F12 (kN) ����QXPDUDOÕ�GHQNOHP�LOH�KHVDSODQÕU� 
12

1

F
R (mm) ùHNLO����¶GHQ�VHoLOLU� 
Wkepçe (kN) Sbt=0,82 

kepçeW
R1 (mm) )��364,97cos(.4391 nnn

n

WkepçeR −−−=  

A (�) ( ) nnn
AA ��0 ++=  , A0�ùHNLO����¶GHQ�VHoLOLU� 

B (�) ( ) nnnn BB 3��0 −−−=  , B0=sbt=58,32� 

α(�) ùHNLO����¶GHQ�VHoLOLU� 
β(�) ùHNLO����¶GHQ�VHoLOLU� 
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ùHNLO����� 12

1

FR X]XQOX÷XQXQ�ϕ�GH÷HULQH�J|UH�GH÷LúLmi 
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ùHNLO�����α ve β�GH÷HUOHULQLQ�ϕ�GH÷HULQH�J|UH�GH÷LúLPL 
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ùHNLO�����$0�GH÷HULQLQ�ϕ�GH÷HULQH�J|UH�GH÷LúLPL 

3.1.1.2 Kol Bölümü 

.RO�E|O�P�QGH�RUWD\D�oÕNDQ�NXYYHWOHULQ�KHVDSODQPDVÕQGD���������������QXPDUDOÕ�GHQklemler 

NXOODQÕOÕU���.RO�E|O�P��GHQJH�GHQNOHPOHULQLQ��NHSoH�ND]PD�NXYYHWLQH�J|UH�\D]ÕOÕúÕ�DúD÷ÕGDNL�
gibidir. 

Fb

Fpim7y

Fpim7x
Wkol

Wkepçe

C

FC

 

ùHNLO�����.HSoH�ND]PD�NXYYHWL�LoLQ�NRO�E|O�P��VHUEHVW�FLVLP�GL\DJUDPÕ 
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Ckepçekolbybx F

C

W

kepçe

W

kol

F

b

F

b RFRWRWRCFRCFM 777777 ....cos..sin.0 =+++⇒=∑  (3.6) 

BFFCFF Cxpimbx sin.sin.0 7 +=⇒=∑  (3.7) 

kepçekolypimCby WWFBFCFF ++=+⇒=∑ 7coscos.0  (3.8) 

dL]HOJH�����.HSoH�ND]PD�NXYYHWL�LoLQ�NRO�E|O�P��GHQNOHPOHULQGH�NXOODQÕODQ�WHULPOHU 
bxF

R7 (mm) )�3,11sin(.7,361 n7 n
n

FbxR �++=  

byF
R7 (mm) )�3,11cos(.7,361 n7 n

n

FbyR �++=  

Wkol (kN) Sbt=1,5kN 

kolW
R7 (mm) )��73,27cos(.550 n7 n

n

WkolR −−=  

kepçeW
R7 (mm) )3-�-�64,97cos(.439)��-8,41400.cos(1 nnn7 nn

n

WkepçeR −+−=  

CF
R7 (mm) ùHNLO����¶GDQ�VHoLOLU� 
B (�) ( ) nnnn BB 3��0 −−−=  , B0=sbt=58,32� 

C(�) (C)n =C0+λn C0 GH÷HUL�ùHNLO����¶GHQ�VHoLOLU� 
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ùHNLO����� CF
R7 �GH÷HULQLQ�ϕ�GH÷HULQH�J|UH�GH÷LúLPL 
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ùHNLO�����&0�DoÕVÕQÕQ�µ�GH÷HULQH�J|UH�GH÷LúLPL��������������� 

3.1.1.3 Boom Bölümü 

.RO� E|O�P�QGH� RUWD\D� oÕNDQ� NXYYHWOHU� KHVDSODQGÕNWDQ� sonra boom silindiri kuvvetinin 

KHVDSODQPDVÕQGD� ���� QXPDUDOÕ� GHQNOHP� NXOODQÕOÕU�� ���� QXPDUDOÕ� GHQJH� GHQNOHPLQGH�
WDQÕPODQPDVÕ�JHUHNHQ�WHULPOHU�dL]HOJH����¶GH�YHULOPLúWLU�� 
%X�NÕVÕPD� NDGDU� YHULOHQ� W�P�GHQNOHPOHU� LOH� NHSoH� VLOLQGLUL� EDVÕQFÕ� YH�NXYYHWL� WDQÕPODnarak 

oDOÕúPD�GRQDQÕPÕQÕQ�KHUKDQJL�ELU�NRQXPX�LoLQ�VLVWHPH�HWNL�HGHQ�W�P�NXYYHWOHU��E|O�P�VÕUDVÕ�
izlenerek hesaplanabilmektedir.    

dL]HOJH�����%RRP�E|O�P��GHQJH�GHQNOHPOHULQGH�NXOODQÕODQ�WHULPOHU 
aF

R10 (mm) ùHNLO����¶GHQ�VHoLOLU� 
Wboom(kN) Sbt=2,1kN 

Wboom
R10 (mm) )37,83cos(.5,117410 n

n

WboomR �−=  

xpimF
R 7

10 (mm) )�75,65sin(.75,24617

10 n
n

F xpimR −=  

ypimF
R 7

10 (mm) )�75,65cos(.75,24617

10 n
n

F ypimR −=  

bx
R10 (mm) )�7,2cos(.5,159210 n

n

FbxR −=  

by
R10 (mm) )�7,2sin(.5,159210 n

n

FbyR −=  

C(�) (C)n =C0+λn, C0 GH÷HUL�ùHNLO����¶GHQ�VHoLOLU� 
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ùHNLO����� aF
R10 �GH÷HULQLQ�λ�GH÷HULQH�J|UH�GH÷LúLPL 

3.1.2 Kol Kazma Kuvvetine Göre Denge Denklemleri  

3.1.2.1 Kol Bölümü 

.RO�E|O�P��GHQJH�GHQNOHPOHULQLQ��NRO�ND]PD�NXYYHWLQH�J|UH�\D]ÕOÕúÕ�DúD÷ÕGDNL�JLELGLU� 
Bkepçekolbybx F

B

W

kepçe

W

kol

F

b

F

b RFRWRWRCFRCFM 777777 ....cos..sin.0 =+++⇒=∑  (3.9) 

BFFCFF Bxpimbx sin.sin.0 7 +=⇒=∑  (3.10) 

kepçekolypimBby WWFBFCFF ++=+⇒=∑ 7coscos.0  (3.11) 

.RO� ND]PD� NXYYHWL� LoLQ� NXOODQÕODFDN� RODQ� NRO� E|O�P�� GHQJH� GHQNOHPOHUL� WHULPOHUL� dL]HOJH�
���¶GH� YHULOPLúWLU�� 'HQNOHPOHUH� EDúODPDGDQ� NRO� VLOLQGLUL� LoLQ� EDVÕQo� GH÷HUL� EHOLUOHQHUHN�
VLOLQGLU�NXYYHWL�KHVDSODQÕU��.RO�VLOLQGLUL�NXYYHWL�����QXPDUDOÕ�GHQNOHPGH�\HULQH�NRQXOXU��NRO�
ND]PD�NXYYHWL�EXOXQXU�YH�LúOHP�VÕUDVÕ�WDNLS�HGLOHUHN�GL÷HU�ELOLQPH\HQOHU�KHVDSODQÕU�� 

Çizelge 3.5 Kol kazma kuvveti için kol bölümü deQNOHPOHULQGH�NXOODQÕODQ�WHULPOHU 
bxF

R7 (mm) )�3,11sin(.7,361 n7 n
n

FbxR �++=  

byF
R7 (mm) )�3,11cos(.7,361 n7 n

n

FbyR �++=  

Wkol (kN) Sbt=1,5kN 

kolW
R7 (mm) )��73,27cos(.550 n7 n

n

WkolR −−=  

kepçeW
R7 (mm) )3-�-�64,97cos(.439)��-8,41400.cos(1 nnn7 nn

n

WkepçeR −+−=  

BF
R7 (mm) ùHNLO����¶GDQ�VHoLOLU� 
B (�) ( )

nnn BB ��0 −−=  , B0�GH÷HUL�ùHNLO�����¶GDQ�VHoLOLU� 
C(�) (C)n =C0+λn C0 GH÷HUL�ùHNLO����¶GHQ�VHoLOLU� 
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ùHNLO����� BF
R7 �GH÷HULQLQ�ϕ dH÷HULQH�J|UH�GH÷LúLPL 
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ùHNLO������.RO�ND]PD�NXYYHWL�LoLQ�%0�GH÷HULQLQ�ϕ�GH÷HULQH�J|UH�GH÷LúLPL 

3.1.2.2 Kepçe Bölümü 

'HQJH�GHQNOHPOHULQLQ�NRO�ND]PD�NXYYHWLQH�J|UH�\D]ÕOÕúÕ�DúD÷ÕGDNL�JLELGLU� 
kepçeB

W

kepçe

FF

B RWRFRFM 111211 ...0 12 +=⇒=∑  (3.12) 

∑ =−⇒= xpimBx FBFAFF 112 sin.sin.0  (3.13) 

ypimkepçeBy FWBFAFF 112 cos.cos0 =−+⇒=∑  (3.14) 

.cos

�cos.12F
Fc =  (3.15) 

βα sin.sin. 121213 FFFFF cxcx +=+=  (3.16) 

.RO�ND]PD�NXYYHWL�LoLQ�NXOODQÕODFDN�RODQ�NHSoH�E|O�P��GHQJH�GHQNOHPOHUL�WHULPOHUL�dL]HOJH�
���¶GD�YHULOPLúWLU�� 

 



 
19 

Çizelge 3.6 Kol kazma kuvveti içiQ�NHSoH�E|O�P��GHQNOHPOHULQGH�NXOODQÕODQ�WHULPOHU 
BF

R1
(mm) ùHNLO�����¶GHQ�VHoLOLU� 

12

1

F
R (mm) ùHNLO����¶GHQ�VHoLOLU� 
Wkepçe (kN) Sbt=0,82 

kepçeW
R1 (mm) )��364,97cos(.4391 nnn

n

WkepçeR −−−=  

A (�) ( )
nnn AA ��0 ++=  , A0�ùHNLO����¶GHQ�VHoLOLU� 

B (�) ( )
nnn BB ��0 −−=  , B0�ùHNLO�����¶GDQ�VHoLOLU 

α(�) ùHNLO����¶GHQ�VHoLOLU� 
β(�) ùHNLO����¶GHQ�VHoLOLU� 
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ùHNLO����� BF
R1 GH÷HULQLQ�ϕ�GH÷HULQH�J|UH�GH÷LúLPL 

3.1.2.3 Boom Bölümü 

.RO� ND]PD�NXYYHWL� LoLQ� ERRP�E|O�P�QGH� NXOODQÕODQ� GHQJH�GHQNOHPL�� NHSoH�ND]PD�NXYYHWL�
LoLQ�NXOODQÕODQ�GHQNOHPOH�D\QÕGÕU�YH�D\QÕ�WHULPOHU�NXOODQÕOÕU� 

3.2 Kuvvet Analizleri 

3.2.1 Kepçe Kazma Kuvvetine Göre Kuvvet Analizi 

Sistem içersinde maksimum kuvvetlerin ortaya� oÕNDELOPHVL� LoLQ�|QFHOLNOH�NHSoH\H�HWNL�HGHQ�
GÕú�NXYYHWLQ�GROD\ÕVÕ�LOH�ND]PD�NXYYHWLQLQ�PDNVLPXP�GH÷HULQL�DOPDVÕ�JHUHNOLGLU��0DNVLPXP�
NHSoH� ND]PD� NXYYHWLQLQ� ROXúDELOPHVL� LoLQ� NHSoH� VLOLQGLUL� NXYYHWL� PDNVLPXP� GH÷HULQL�
DOPDOÕGÕU�� %X� GXUXP� VLOLQGLULQ� NRQWURO� EDVÕQFÕ� DOWÕQGD� oDOÕúPDVÕ� LOH� P�PN�Q� ROXU�� .HSoH�
VLOLQGLUL�KLGUROLN�úHPDVÕ�LQFHOHQGL÷LQGH�NHSoH�LoLQ�NRQWURO�EDVÕQFÕQÕQ�����EDU�ROGX÷X�J|U�O�U���
%XUDGDQ� \ROD� oÕNDUDN� NHSoH� VLOLQGLUL� NXYYHWL� 3�� oDOÕúPD� EDVÕQFÕ�3D��� $�6LOLQGLU� SLVWRQ�
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DODQÕ�P2
) olmak üzere; 

( )
⇒=⇒= −6

2

5
10.

4

65�
.10.170. cc FAPF Kepçe silindiri kuvveti (Fc)=56,4 kN  bulunur. 

6LVWHPLQ� \DSÕVÕQGDQ� GROD\Õ� NHSoH� LOH� ND]PD� \DSÕOÕUNHQ� )12 ve F13� NXYYHWOHUL� \DOQÕ]FD� ϕ 

GH÷HULQH� J|UH� GH÷LúNHQOLN� J|VWHULU�� ϕ=0°� GH÷HUL� LoLQ� NHSoH� VLOLQGLUL� E|O�P�QGH� ROXúDQ�
kuvvetlerin dXUXPX�ùHNLO�����¶GHNL�JLELGLU������YH�����QROX�GHQNOHPOHU�\DUGÕPÕ�LOH�GH÷LúLN�ϕ 

GH÷HUOHUL� LoLQ� )12 ve F13 GH÷HUOHUL� EXOXQXU�� .XYYHWOHULQ� ϕ� J|UH� GH÷LúLPL� ùHNLO� ����¶GH�
JUDILNVHO��dL]HOJH����¶GH�LVH�VD\ÕVDO�RODUDN�J|U�OPHNWHGLU� 
ϕ=0° için F12 ve F13 kuvvetleULQLQ�EXOXQPDVÕ� 

kNF
F

F
F

F c

c 5,67
62cos

)56cos(.4,56

�cos

.cos.

.cos

�cos.
1212

12 =⇒
−

==⇒=  (3.4) 

NFFFFFF cxcx 9,12)62sin(.5,67)56sin(.4,56�sin..sin. 13121213 =⇒+−=+=+=  (3.5) 

R y

R x O

F12y

y

x

F12

F12x

Fcx

Fcy

Fc

 

ùHNLO������ϕ=0°�GH÷HUL�LoLQ�)12, F13 ve Fc�NXYYHWOHULQLQ�NRQXPODUÕ 
Çizelge 3.7 Fc=56,4 kN  için ϕ�GH÷HUOHULQH�J|UH�|Oo�OHQ�YH�KHVDSODQDQ�GH÷HUOHU 

ϕ  (°) α (°) β (°) Fc(kN) F12(kN) F13(kN) 

0 -56,5 62,5 56,4 67,5 12,9 

10 -45,4 56,8 56,4 72,3 20,4 

15 -40,3 54,1 56,4 73,4 23,0 

20 -35,1 51,4 56,4 73,9 25,3 

30 -25,7 46,2 56,4 73,4 28,4 

35 -21,2 43,5 56,4 72,6 29,6 

40 -16,9 41,0 56,4 71,5 30,6 

50 -8,7 36,4 56,4 69,2 32,5 

80 12,4 24,5 56,4 60,5 37,2 

110 29,5 17,1 56,4 51,4 42,9 

140 43,2 15,3 56,4 42,6 49,9 

189 59,6 24,8 56,4 31,5 61,8 
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ùHNLO������)12 ve F13 kuvvetlerinin ϕ�GH÷HULQH�J|UH�GH÷LúLPL 
%X�LúOHPGHQ�VRQUD�VLVWHPH�HWNL\HQ�GL÷HU�NXYYHWOHU�EXOXQDELOLU��λ=60°, ϕ=40°, µ=30°�GH÷HUOHUL�
LoLQ� \DSÕODQ� KHVDSODPDODU� DúD÷ÕGD� |UQHN� RODUDN� YHULOPLúWLU�� +HVDSODQDQ� GL÷HU� W�P� GH÷HUOHU�
WDEOR�úHNOLQde Ek 4’de görülmektedir.  

λ=60°, ϕ=40°, µ=30° için hesaplamalar: 

kepçeC
W

kepçe

FF

C RWRFRFM 111211 ...0 12 +=⇒=∑  (3.1) 

kNF

F

C

C

6,18

82,370.82,026,185.5,7146,729.

=

+=
 

∑ =−⇒= xpimCx FBFAFF 112 sin.sin.0  (3.2) 

kNF

F

xpim

xpim

6,11

)68,71sin(.6,1881,184sin.5,71

1

1

=

=−−
 

ypimkepçeCy FWBFAFF 112 cos.cos0 =−+⇒=∑  (3.3) 

kNF

F

ypim

ypim

3,66

1,2)68,71cos(.6,1881,184cos.5,71

1

1

−=

=−−+
 

( ) ( ) ( ) ( ) kNFFF ypimxpimpim 3,673,666,11
222

1

2

11 =−+=+=  

Ckepçekolbybx F

C

W

kepçe

W

kol

F

b

F

b RFRWRWRCFRCFM 777777 ....cos..sin.0 =+++⇒=∑  (3.6) 

kNF

FF

b

bb

6,107

4,2149.6,187,812.82,092,255.5,1)87,70.(39,102cos.7,354.39,102sin.

=

=++−+
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BFFCFF Cxpimbx sin.sin.0 7 +=⇒=∑  (3.7) 

kNF

F

xpim

xpim

7,122

)68,71sin(.6,1839,102sin.6,107

7

7

=

=−−
 

kepçekolypimCby WWFBFCFF ++=+⇒=∑ 7coscos.0  (3.8) 

kNF

F

ypim

ypim

6,19

82,05,1)68,71cos(.6,1839,102cos.6,107

7

7

−=

=−−−+
 

( ) ( ) ( ) ( ) kNFFF ypimxpimpim 3,1246,197,122
222

7

2

77 =−+=+=  

0.cos..sin.... 10101071071010
77 =−−−++ bybxypimxpimbooma

F

b

F

b

F

ypim

F

xpim

W

boom

F

a RCFRCFRFRFRWRF (2.9) 

kNF

F

a

a

7,134

0)11,1340.(39,102cos.6,107

33,860.39,102sin6,10736,2449).6,19(63,246.7,12214,1078.1,249,303.

=

=−−

−−−++

 

3.2.2 Kol Kazma Kuvvetine Göre Kuvvet Analizi 

.RO� ND]PD� NXYYHWLQH� J|UH� VLVWHPH� HWNL\HQ� NXYYHWOHULQ� KHVDSODQPDVÕQD� NRO� E|O�P�QGHQ�
EDúODQÕU�� )DUNOÕ� NRQXPODU� LoLQ� NRO� ND]PD� NXYYHWLQLQ� GH÷HUL� KHVDSODQÕU� YH� EX� NXYYHWH� J|UH�
LúOHP� VÕUDVÕ� WDNLS� HGLOHUHN� GL÷HU� NXYYHWOHU� EXOXQXU�� 0DNVLPXP� NRl kazma kuvvetinin 

ROXúDELOPHVL� LoLQ� NRO� VLOLQGLUL� NXYYHWL� PDNVLPXP� GH÷HULQL� DOPDVÕ� JHUHNOLGLU�� %X� GXUXP�
VLOLQGLULQ� NRQWURO� EDVÕQFÕ� DOWÕQGD� oDOÕúPDVÕ� LOH� P�PN�Q� ROXU�� 6LVWHPLQ� KLGUROLN� úHPDVÕ�
LQFHOHQGL÷LQGH�NRO�VLOLQGLULQLQ�SRPSD�HWNLVL�LOH�oDOÕúWÕ÷ÕQGDNL�NRQWURO�EDVÕQFÕ�����EDUGÕU��� 
.RO�VLOLQGLUL�NXYYHWL�3��oDOÕúPD�EDVÕQFÕ�3D���$�6LOLQGLU�SLVWRQ�DODQÕ�P2

) olmak üzere; 

( )
⇒=⇒= −6

2

5
10.

4

75�
.10.170. bc FAPF Kol silindiri kuvveti (Fb)=75,1 kN  bulunur. 

λ=60°, ϕ=40°, µ=30° için hesaplamalar: 

Bkepçekolbybx F

B

W

kepçe

W

kol

F

b

F

b RFRWRWRCFRCFM 777777 ....cos..sin.0 =+++⇒=∑  (3.9) 

kNF

F

B

B

2,13

2130.7,812.82,09,255.5,1)87,70.(39,102cos.1,757,354.39,102sin.1,75

=

=++−+
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BFFCFF Bxpimbx sin.sin.0 7 +=⇒=∑  (3.10) 

kNF

F

xpim

xpim

8,85

)66,71sin(.2,1339,102sin.1,75

7

7

=

=−−
 

kepçekolypimBby WWFBFCFF ++=+⇒=∑ 7coscos.0  (3.11) 

kNF

F

ypim

ypim

28,14

82,05,1)66,71cos(.2,1339,102cos.1,75

7

7

−=

=−−−+
 

( ) ( ) ( ) ( ) kNFFF ypimxpimpim 1,8728,148,85
222

7

2

77 =−+=+=  

kepçeB
W

kepçe

FF

B RWRFRFM 111211 ...0 12 +=⇒=∑  (3.12) 

kNF

F

5,50

8,370.82,026,185.5,729.2,13

12

12

=

+=
 

∑ =−⇒= xpimBx FBFAFF 112 sin.sin.0  (3.13) 

kNF

F

xpim

xpim

3,8

)66,71sin(.2,1381,184sin.5,50

1

1

=

=−−
 

ypimkepçeBy FWBFAFF 112 cos.cos0 =−+⇒=∑  (3.14) 

kNF

F

ypim

ypim

47

82,0)66,71cos(.2,1381,184cos.5,50

1

1

−=

=−−+
 

( ) ( ) ( ) ( ) kNFFF ypimxpimpim 7,47473,8
222

1

2

11 =−+=+=  

.cos

�cos.12F
Fc =  (3.15) 

kNF
c

8,39
(-16,9)cos

41cos.5,50
==  

βα sin.sin. 121213 FFFFF cxcx +=+=  (3.16) 

kNFFF xcx 6,2141sin.5,50(-16,9)sin.8,391213 =+=+=  
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0.cos..sin.... 10101071071010
77 =−−−++ bybxypimxpimbooma

F

b

F

b

F

ypim

F

xpim

W

boom

F

a RCFRCFRFRFRWRF (2.9) 

kNF

F

a

a

7,86

0)11,1340.(39,102cos.1,75

33,860.39,102sin.1,7536,2449).28,14(63,246.8,8515,1078.1,249,303.

=

=−−

−−−++

 

Kol� ND]PD� NXYYHWLQLQ� HWNLVL\OH� RUWD\D� oÕNDQ�� NRQXPODUD� ED÷OÕ� RODUDN� GH÷LúHQ� NXYYHWOHU� (N�
�¶GH�WDEOR�RODUDN�YHULOPLúWLU� 

3.3 dDOÕúPD�'RQDQÕPÕQD�(WNL�(GHQ�0DNVLPXP�.XYYHWOHULQ�6ÕQÕIODQGÕUÕOPDVÕ 
'RQDQÕP� SDUoDODUÕQÕQ� PXNDYHPHW� NRQWUROOHULQLQ� \DSÕODELOPHVL� LoLQ� |QFHOLkle parçalara etki 

HGHP� PDNVLPXP� NXYYHWOHULQ� EXOXQPDVÕ� JHUHNOLGLU�� (N� �� YH� �¶GH� VLVWHP� LoHUVLQGH� KLoELU�
VÕQÕUODPD�ROPDGDQ�VDGHFH�KLGUROLN�VLVWHPLQ�SRPSD�NRQWURO�EDVÕQFÕ�VÕQÕUODPDVÕ�DOWÕQGD�RUWD\D�
oÕNDQ� NXYYHWOHU� J|U�OPHNWHGLU�� øúOHWLP� VÕUDVÕQGD� RUWD\D� oÕNDn maksimum kuvvetler 

EXOXQXUNHQ� VLOLQGLUOHULQ� EDVÕQo� VÕQÕUODPDODUÕ�� W�P� VLVWHPLQ� GHQJHVLQGHQ� RUWD\D� oÕNDQ�
VÕQÕUODPDODU�J|]�|Q�QGH�EXOXQGXUXOPDOÕGÕU� 

3.3.1 6LOLQGLUOHULQ�%DVÕQo�6ÕQÕUODPDODUÕ���� 
ùHNLO� ������ ������ ����¶GH� VÕUDVÕ\OD� NHSoH�� NRO�� ERRP� VLOLQGLUOHULQLQ� KLGUROLN� úHPDODUÕ�
görülmektedir.  

Kepçe silindiri: 

.HSoH�VLOLQGLUL�LOH�ND]PD�\DSÕOÕUNHQ��°≤ϕ≤189° için kNFc 4,560 ≤≤  

.RO�VLOLQGLUL�LOH�ND]PD�\DSÕOÕUNHQ��°≤ϕ≤189° için −∞≥≥∞+ cF �GH÷HUOHULQL�DODELOPHNWHGLU� 

Kol silindiri: 

Kepçe ile kD]PD�\DSÕOÕUNHQ� $$ 102�0 ≤<  için kNFb 4,110≤ , $0� =  için +∞≤bF  

.RO�LOH�ND]PD�\DSÕOÕUNHQ� $$ 102�0 ≤≤  için kNFb 1,750 ≤≤ �GH÷HUOHULQL�DODELOPHNWHGLU� 

Boom silindiri: 

Her iki kazma durumu için $$ 130�0 <<  için kNFkN a 6,1255,76 −≥≥ , $0� =  için 

kNFa 6,125−≥≥∞+ , $130� =  için −∞≥≥ aFkN1,75 �GH÷HUOHULQL�DODELOPHNWHGLU� 



 
25 

=0

=189

170bar

Kazma  
yönü

 

ùHNLO������.HSoH�VLOLQGLUL�KLGUROLN�úHPDVÕ 

=0

=102

170bar

Kazma  

yönü

250bar  

ùHNLO������.RO�VLOLQGLUL�KLGUROLN�úHPDVÕ 

=130

=0

170bar

250bar

250bar

 

ùHNLO������%RRP�VLOLQGLUL�KLGUROLN�úHPDVÕ 

3.3.2 6LVWHPLQ�7�P�'HQJHVLQGHQ�2UWD\D�dÕNDQ�6ÕQÕUODPDODU 

Ekskavatörler, daha önceki bölümlerGH� EDKVHGLOGL÷L� JLEL� DOW� \DSÕ� DGÕ� YHULOHQ� SDOHWOL� YH\D�
WHNHUOHNOL� ELU� DNVDP� DUDFÕOÕ÷Õ� LOH� ]HPLQ� �]HULQGH� GXUXU� YH� KDUHNHW� HGHUOHU�� .D]PD� LúOHPL�
VÕUDVÕQGD� HNVNDYDW|UOHULQ� VDELW� ROPDVÕ� WHUFLK� HGLOLU�� %D]Õ� GXUXPODUGD� NHSoH� XFXQGD� ROXúDQ�
kazma kuvveti yönü ve GR÷UXOWXVXQD� ED÷OÕ� RODUDN� 21 veya O2� QRNWDVÕ� HWUDIÕQGD� PRPHQW�
ROXúWXUDUDN� J|YGH\L� KDUHNHW� HWWLULU��.XYYHW�� VLVWHPLQ� GR÷DVÕ� JHUH÷L� |QFHOLNOH�J|YGH\L�\XNDUÕ�
GR÷UX�� VRQUDVÕQGD� V�UW�QPH�NXYYHWLQLQ� D]DOPDVÕ� LOH� J|YGHQLQ� LOHUL�GR÷UX� LOHUOHPHVLQH� VHEHS�
olur.  
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Bu GXUXP� HVQDVÕQGD� ND]PD� LúOHPL� JHUoHNOHúPH]�� 2SHUDW|UOHU� EX� |]HOOL÷L� ]RU� oDOÕúPD�
úDUWODUÕQGD�HNVNDYDW|U�Q�KDUHNHWL�LoLQ�]DPDQ�]DPDQ�NXOODQÕUODU� 
*|YGH\L� KDUHNHWH� ]RUOD\DQ� EX� ND]PD� NXYYHWL� GH÷HUOHUL�� VLVWHPLQ� W�P� GHQJHVL� J|]� |Q�QH�
DOÕQDUDN�KHVDSODQÕU��ùHNLO�����¶GH�VLVWHPLQ�VHUEHVW�FLVLP�GL\DJUDPÕ�oL]LOPLúWLU��'L\DJUDP�LoLQ�
YHULOHQ�GHQJH�GHQNOHPOHUL�WHULPOHUL�dL]HOJH����¶GHQ�DOÕQDFDNWÕU� 

kepçekolboomeksyx
W

kepçe

W

kol

W

Oboom

W

eks

FF
RWRWRWRWRBFRBF

111111 00000 ....cos..sin. +++=+      (3.17) 

kepçekolboomeksyx
W

kepçe

W

kol

W

Oboom

W

Oeks

FF
RWRWRWRWRBFRBF

222222 0000 ....cos..sin. ++=++  (3.18) 

Wboom

Weks

Wkepçe

Wkol

F

B

O1 O2  

ùHNLO������7�P�VLVWHPLQ�VHUEHVW�FLVLP�GL\DJUDPÕ 
%HOOL� ELU� NRQXPGD� VLVWHPLQ� W�P� GHQJHVL� LoLQ� GH÷HUOHU�� ����� YH� ����� QXPDUDOÕ� GHQNOHPOHUGH�
\HUOHULQH�NRQXOXU�YH�LNL�GHQNOHP�ELUELULQGHQ�ED÷ÕPVÕ]�RODUDN�o|]�O�U��.D]PD�NXYYHWL�SR]LWLI�
oÕNPDVÕ� JHUHNWL÷LQGHQ� SR]LWLI� RODQ� GH÷HU� R� NRQXP� LoLQ mümkün olan maksimum kazma 

NXYYHWLQL� YHULU�� %D]Õ� GXUXPODUGD� LNL� GH÷HULQGH� SR]LWLI� YH\D� QHJDWLI� oÕNPD� RODVÕOÕ÷Õ�
EXOXQPDNWDGÕU�� øNL� GH÷HULQGH� SR]LWLI� oÕNPDVÕ� ND]PD� NXYYHWLQLQ� KHU� LNL� QRNWD\D� J|UH�
PRPHQWLQLQ� GH� HNVNDYDW|U�Q� GHQJHVLQL� ER]DFD÷Õ� DQODPÕQD� JHOLU� YH� N�o�N� RODQ� GH÷HU� HVDV�
DOÕQPDOÕGÕU�� 1HJDWLI� ROPD� GXUXPXQGD� LVH� ND]PD� NXYYHWL� PRPHQWL� HNVNDYDW|U�Q� GHQJHVLQL�
ER]DFDN�NRQXPX�DOPDGÕ÷ÕQÕ�J|VWHULU�YH�ND]PD�NXYYHWL�LoLQ�ELU�VÕQÕUODPD�ROPDGÕ÷Õ�DQODúÕOÕU�� 
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Çizelge 3.8 Tüm sistem denge denklemleri terimleri 

Weks(kN) sbt= 35  

Wboom(kN) sbt=2,1 

Wkol(kN) sbt= 1,5  

Wkepçe(kN) sbt=0,82  

Weks

OR
1

(mm) 7,756=sbt  

Weks

OR
2

(mm) 744=sbt  

boomW

OR
1

(mm) )�75,65cos(.75,24612,1538 n−+=  

boomW

OR
2

(mm) )�75,65cos(.75,24615,37 n−+=  

Wkol

OR
1

(mm) )��73,27cos(.550)�75,65cos(.75,24612,1538 nnn −−+−+=  

Wkol

OR
2

(mm) )��73,27cos(.550)�75,65cos(.75,24615,37 nnn −−+−+=  

kepçeW

O
R

1
(mm) 

)3��64,97cos(.439

)��4,18cos(.1400)�75,65cos(.75,24612,1538

nnn

nnn

−−−+

−−+−+=
 

kepçeW

O
R

2
(mm) 

)3��64,97cos(.439

)��4,18cos(.1400)�75,65cos(.75,24615,37

nnn

nnn

−−−+

−−+−+=
 

yF

O
R

1
(mm) 

)3��6,57cos(.5,729

)��4,18cos(.1400)�75,65cos(.75,24612,1538

nnn

nnn

−−−+

−−+−+=
 

yF

O
R

2
(mm) 

)3��6,57cos(.5,729

)��4,18cos(.1400)�75,65cos(.75,24615,37

nnn

nnn

−−−+

−−+−+=
 

xF

O

Fx

O RR
21

= (mm) 

)3��6,57sin(.5,729

)��4,18sin(.1400)�75,65sin(.75,24611160

nnn

nnn

−−−+

−−+−+=
 

B(°) Kepçe kazma kuvveti için nnBB ��0 −−= -ϕn, B0=sbt=58,32� 

Kol kazma kuvveti için nnBB ��0 −−= , B0�ùHNLO�����¶GDQ�VHoLOLU� 

 

.RQXPODUD� ED÷OÕ� RODUDN� \DSÕODQ� KHVDSODPDODU� VRQXFXQGD� W�P� VLVWHPLQ� GHQJHVL� J|]� |Q�QGH�
EXOXQGXUXODUDN�RUWD\D�oÕNDELOHFHN�ND]PD�NXYYHWL�GH÷HUOHUL�dL]HOJH�����YH�����¶GD�YHULOPLúWLU��
dL]HOJHOHUGH�ERú�EÕUDNÕODQ�E|O�POHU�ND]PD�NXYYHWL�LoLQ�VÕQÕUODPDQÕQ�ROPDGÕ÷Õ�E|O�POHUGLU� 
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Çizelge 3.9 Tüm sistemin dengesi için maksimum kepçe kazma kuvvetlerinin konumlara göre 

GH÷LúLPL 
λ=0° λ=60° λ=130°  

µ=0° µ=30° µ=102° µ=0° µ=30° µ=102° µ=0° µ=30° µ=102° 

ϕ(°) FC(kN) FC(kN) FC(kN) FC(kN) FC(kN) FC(kN) FC(kN) FC(kN) FC(kN) 

0 6,5 7,0 29,7 8,0 10,1 108,0 10,4 15,9  

20 6,4 7,9 38,3 8,8 13,2 32,8 12,4 23,2  

30 6,7 8,8 24,0 9,7 16,4 26,5 14,4 31,4  

40 7,1 10,2 18,3 11,0 22,1 23,5 17,5 49,4  

50 7,8 12,4 15,4 13,2 34,9 22,4 22,9 116,0  

80 13,7 56,4 13,0 46,6 33,4 28,5 5616,1  676,9 

110 23,6 9,5 17,1 13,1 8,9 203,8  78,9 45,4 

140 7,1 6,3 62,1 5,8 6,7  21,8 23,6 23,9 

189 5,2 7,6 54,7 5,2 10,2 18,0 13,0 21,2 16,8 

 

Çizelge 3.10 Tüm sistemin dengesi için maksimum kol kazma kuvvetlerinin konumlara göre 

GH÷LúLPL 
λ=0° λ=60° λ=130°  

µ=0° µ=30° µ=102° µ=0° µ=30° µ=102° µ=0° µ=30° µ=102° 

ϕ(°) FB(kN) FB(kN) FB(kN) FB(kN) FB(kN) FB(kN) FB(kN) FB(kN) FB(kN) 

0 6,6 8,5 25,0 9,4 15,5 24,8 14,0 29,7  

20 6,7 8,8 22,9 9,7 16,6 24,7 14,6 32,6  

30 6,8 9,2 21,3 10,1 17,9 24,5 15,3 36,1  

40 6,9 9,6 19,7 10,5 19,7 24,1 16,3 41,4  

50 7,1 10,2 18,3 11,0 22,0 23,5 17,5 49,3  

80 7,3 10,8 17,0 11,7 25,2 22,8 19,0 61,9  

110 7,5 11,6 15,9 12,4 29,3 22,1 20,8 82,9  

140 7,8 12,5 15,0 13,3 35,5 21,2 23,2 130,5  

189 8,2 13,9 14,0 14,6 47,5 20,3 27,1 408,9  

 

<DSÕODQ�W�P�LúOHPOHUGHQ�VRQUD�PXNDYHPHW�KHVDSODPDODUÕ�LoLQ�JHUHNOL�RODQ��oDOÕúPD�GRQDQÕPÕ�
SDUoDODUÕQD� HWNL� HGHQ� PDNVLPXP� YH� PLQLPXP� NXYYHWOHULQ� EXOXQPDVÕ� JHUHNOLGLU�� .XYYHWOHU�
KHVDSODQÕUNHQ� VLVWHPLQ� ELU� E�W�Q� ROGX÷X� XQXWXOPDPDOÕGÕU�� (N� �� YH� �¶GH� YHULOHQ� NXvvet 

GH÷HUOHUL�KLoELU�VÕQÕUODPD�ROPDGDQ�VLVWHP�LoHUVLQGH�RUWD\D�oÕNDELOHFHN�NXYYHWOHUGLU��6LVWHPLQ�
VRUXQVX]� oDOÕúDELOPHVL� LoLQ� KHU� VLOLQGLUGH� ROXúDQ� NXYYHW� KLGUROLN� VLVWHPGHQ� LOHUL� JHOHQ�
VÕQÕUODPDODU� LoHUVLQGH� ROPDOÕGÕU��$\UÕFD� EX� GXUXP� JHUoHNOHúVH� ELOH� W�m sistemin dengesi de 

kontrol edilmelidir.  

.D]PD�LúOHPL�V�UHNOL�ELU�V�UHoWLU��2SHUDW|U�|QFHOLNOH�ND]PD�LúOHPL�LoLQ�ERRPX�X\JXQ�NRQXPD�
JHWLULU� YH� VDELWOHU��.RO�YH�NHSoH� VLOLQGLUOHULQL� NXOODQDUDN�ND]PD�\DSDU��'DKD�VRQUD�ERúDOWPD�
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LúOHPLQH� JHoHU�� %RúDOWPD� VÕUDVÕQGD� VDGHFH� D÷ÕUOÕNODU� HWNLQ� ROGX÷X� LoLQ� ERúDOWPD� VÕUDVÕQGD�
VLOLQGLUOHUH� HWNL\HQ� WHUV� \|QO�� NXYYHWOHU� oRN� N�o�N� RODFDNWÕU�� GROD\ÕVÕ\OD� �� RODUDN� NDEXO�
HGLOHFHNOHUGLU��dL]HOJH�����¶GH�EX�E|O�PH�NDGDU�HOGH�HGLOHQ�GH÷HUOHU�YH�|QJ|U�OHQ�NRúXOODUÕQ�
L]LQGH� oDOÕúPD� GRQDQÕPÕ� LoHUVLQGH� RUWD\D� oÕNDQ� NXYYHWOHULQ� GH÷LúLPL� YHULOPLúWLU�� 6LVWHPLQ�
\DSÕVÕQGDQ� GROD\Õ� VRQVX]� VD\ÕGD� GH÷HU� RUWD\D� oÕNPDNWDGÕU�� 9HULOHQ� GH÷HUOHU� GR÷DO� RODUDN�
KHVDSODQDQ�GH÷HUOHU�LoHUVLQGH�GH÷HUOHQGLUPHOHU�YH�WDKPLQOHU�\DSÕODUDN�EXOXQPXúWXU�� 

ÇizelJH������dDOÕúPD�GRQDQÕPÕQD�HWNL�HGHQ�NXYYHWOHULQ�GH÷LúLPL 
Fa(kN) λ=0° için 165∼-96 

0° <λ<130° için 76,5∼-125,6 

λ=130° için 76,5∼-235 

Fb(kN) 110,4∼-12,8 

Fc(kN) 56,4∼0 

F12(kN) 74∼0 

F13(kN) 61,8∼0 

Fpim1(kN) 67∼0 

Fpim7(kN) 120∼0 
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4. MUKAVEMET HESAPLARI 

3DUoDODUD� HWNL\HQ� NXYYHWOHU� GH÷LúNHQ� ROGX÷XQGDQ� PXNDYHPHW� NRQWUROOHUL� SDUoD�
PDO]HPHOHULQLQ�6RGHUEHUJ�GL\DJUDPODUÕQD�GD\DQÕODUDN�\DSÕOÕU��� 

g

o
AK

D

D*

 

ùHNLO�����6RGHUEHUJ�GL\DJUDPÕ 

Diyagramda D

ç

by

D
K

KK
1.

.
1* =  úHNOLQGH� KHVDSODQÕU�� %XUDGD� .y yüzey faktörü, Kb boyut 

faktörü, Kç� oHQWLN� IDNW|U�G�U�� 3DUoDQÕQ� JHULOPH� GXUXPXQD� DLW�σo ve σg� GH÷HUOHUL� WDUDOÕ� DODQ�
LoHUVLQGH� LVH� SDUoD� VRQOX� |P�U� E|OJHVLQGH� oDOÕúÕU�� GÕúÕQGD� LVH� SDUoD� LoLQ�:|KOHU� GL\DJUDPÕ�
çizilerek ömür hesDEÕ� \DSÕOÕU�� %X� GXUXPXQ� KHVDEÕ� LoLQ� 'HQNOHP� ���¶� H� J|UH� ELU� HPQL\HW�
NDWVD\ÕVÕ� KHVDS� HGLOLU�� 1≥S � LVH� SDUoDQÕQ� JHULOPH� GXUXPX� WDUDOÕ� DODQ� LoHUVLQGHGLU�� 6��� LVH�
:|KOHU�GL\DJUDPÕ�oL]LOHUHN�|P�U�KHVDEÕ�\DSÕOÕU� 

g

D

AK

AKS

1.
1

1
1

1

*0 







+

=  (4.1) 

øúOHPOHU�LoLQ�JHUHNOL�GH÷LúNHQOHU�(N��¶GH�YHULOPLúWLU� 

4.1 +LGUROLN�6LOLQGLUOHULQ�+HVDEÕ 
+LGUROLN�VLOLQGLUOHU�EDVPD�YH�oHNPH�NXYYHWOHULQH�PDUX]�NDOGÕNODUÕQGDQ�NRQWUROOHUL�EDVPD�YH�
oHNPH�JHULOPHVLQH�J|UH�\DSÕOÕU��(NVNDYDW|U�GDKLOLQGH�NXOODQÕODQ�W�P�VLOLQGLUOHU�St60 malzeme 

LOH� LPDO� HGLOPLú� 22
/330,/6001 mmNmmN AkK == 1 GLU�� øPDODW� oHOLNOHUL� LoLQ KÇD 145,01 =  

RODUDN�YHULOGL÷LQGHQ� 2
/270600.45,01 mmND == �RODUDN�DOÕQPDOÕGÕU� 

4.1.1 Kepçe Hidrolik Silindiri 

Fc� NHSoH� VLOLQGLUL� NXYYHWL�� dL]HOJH� ����¶GHNL� GH÷HUOHUH� J|UH�ùHNLO� ���¶GH� J|U�OHQ� WDUDOÕ� DODQ�
LoHUVLQGH�oL]LOHQ�H÷ULOHUH�EHQ]HU�úHNLOGH�RUWDP�úDUWODUÕQD�ED÷OÕ�RODUDN�GH÷LúLP�J|VWHUHFHNWLU�� 
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Fc

t

56,4 kN

 

ùHNLO�����)c�NXYYHWLQLQ�]DPDQOD�GH÷LúLPL 

2

22

max

max /9,44
4/40.�

56400

4/�
56400

1 mmN
dA

Fc ====   

01min =   

( ) ( ) 2minmax

0 /45,22
2

09,44

2

11
1 mmN=

+
=

+
=  

( ) ( ) 2minmax /45,22
2

09,44

2

11
1 mmNg =

−
=

−
=  

2*
/85,182270.

1

75,0.9.0
1.

.
1 mmN

K

KK
D

ç

by

D ===  

2,5

45,22
85,182

330
45,22

330

1.
1

1
1

1

*0

=








+

=









+

=

g

D

AK

AKS  

4.1.2 Kol Hidrolik Silindiri 

Fb� NRO� VLOLQGLUL� NXYYHWL�� dL]HOJH� ����¶GHNL� GH÷HUOHUH� J|UH� ùHNLO� ���¶GH� J|U�OHQ� WDUDOÕ� DODQ�
LoHUVLQGH�oL]LOHQ�H÷ULOHUH�EHQ]HU�úHNLOGH�RUWDP�úDUWODUÕQD�ED÷OÕ�RODUDN�GH÷LúLP�J|VWHUHFHNWLU� 

Fb

t

110,4 kN

-12,8 kN  

ùHNLO�����)b�NXYYHWLQLQ�]DPDQD�J|UH�GH÷LúLPL 

 2

22

max

max /4,69
4/45.�

110400

4/�
110400

1 mmN
dA

Fb ====   
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2

22

min

min /8
4/45.�

12800

4/�
12800

1 mmN
dA

Fb −=
−

=
−

==  

( ) ( ) 2minmax

0 /7,30
2

)8(4,69

2

11
1 mmN=

−+
=

+
=  

( ) ( ) 2minmax /7,38
2

)8(4,69

2

11
1 mmNg =

−−
=

−
=  

2*
/176270.

1

725,0.9,0
1.

.
1 mmN

K

KK
D

ç

by

D ===  

2,3

7,38
176

330
7,30

330

1.
1

1
1

1

*0

=






+

=









+

=

g

D

AK

AKS  

4.1.3 Boom Hidrolik Silindiri 

Fa� ERRP�VLOLQGLUL�NXYYHWL��dL]HOJH�����¶GH�YHULOHQ�GH÷HUOHUH�J|UH�ùHNLO����¶GH�J|U�OHQ� WDUDOÕ�
DODQ� LoHUVLQGH� oL]LOHQ� H÷ULOHUH� EHQ]HU� úHNLOGH� RUWDP� úDUWODUÕQD� ED÷OÕ� RODUDN� GH÷LúLP�
gösterecektir. 

Fa

t

165 kN

-125 kN -125 kN

76,5 kN

Fa

t

-235 kN

76,5 kN

Fa

t

 

ùHNLO�����)a�NXYYHWLQLQ�]DPDQOD�GH÷LúLPL 
 λ=0°�GH÷HUL�LoLQ�� 

2

22

max

max /84
4/50.�

165000

4/�
165000

1 mmN
dA

Fa ====  

2

22

min

min /6,63
4/50.�

125000

4/�
125000

1 mmN
dA

Fa −=
−

=
−

==  
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( ) ( ) 2minmax

0 /2,10
2

)6,63(84

2

11
1 mmN=

−+
=

+
=  

( ) ( ) 2minmax /8,73
2

)6,63(84

2

11
1 mmNg =

−−
=

−
=  

2*
/170270.

1

7,0.9,0
1.

.
1 mmN

K

KK
D

ç

by

D ===  

15,2

8,73
170

330
2,10

330

1.
1

1
1

1

*0

=






+

=









+

=

g

D

AK

AKS  

$$ 130�0 << �GH÷HUOHUL�LoLQ� 

2

22

max

max /39
4/50.�

76600

4/�
76600

1 mmN
dA

Fa ====  

2

22

min

min /6,63
4/50.�

125000

4/�
125000

1 mmN
dA

Fa −=
−

=
−

==  

( ) ( ) 2minmax

0 /6,24
2

)6,63(39

2

11
1 mmN=

−+
=

+
=  

( ) ( ) 2minmax /45,51
2

)6,63(39

2

11
1 mmNg =

−−
=

−
=  

2*
/170270.

1

7,0.9,0
1.

.
1 mmN

K

KK
D

ç

by

D ===  

65,2

45,51
170

330
6,24

330

1.
1

1
1

1

*0

=






+

=









+

=

g

D

AK

AKS  

λ=130°�GH÷HUL�LoLQ� 

2

22

max

max /39
4/50.�

76600

4/�
76600

1 mmN
dA

Fa ====  
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2

22

min

min /6,119
4/50.�

235000

4/�
235000

1 mmN
dA

Fa −=
−

=
−

==  

( ) ( ) 2minmax

0 /3,40
2

)6,119(39

2

11
1 mmN=

−+
=

+
=  

( ) ( ) 2minmax /3,79
2

)6,119(39

2

11
1 mmNg =

−−
=

−
=  

2*
/170270.

1

7,0.9,0
1.

.
1 mmN

K

KK
D

ç
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D ===  

69,1

3,79
170

330
3,40

330

1.
1

1
1

1

*0

=






+

=









+

=

g

D

AK

AKS  

4.2 ���YH����1XPDUDOÕ�3DUoD 

���YH����QXPDUDOÕ�SDUoDODU�oHNPH\H�YH\D�EDVPD\D�oDOÕúDQ�HOHPDQODUGÕU��ùHNLO����¶GH�\DSÕODUÕ�
YH� NXYYHW� HWNLVL� J|U�OPHNWHGLU�� 6W��� LPDODW� oHOL÷LQGHQ� LPDO� HGLOPLú� YH 2

/370 mmNK =σ  

2/2301 mmNAK = dir. 2/166370.45,01 mmND == �DOÕQPDOÕGÕU�� 

F

A-A Kesiti

F

A

A

 

ùHNLO��������YH����QXPDUDOÕ�SDUoD 

<DSÕODUÕ� D\QÕ� ROGX÷XQGDQ� dL]HOJH� ����¶GH� YHULOHQ� GH÷HUOHUH� J|UH� \DOQÕ]FD� )12 kuvveti için 

NRQWURO�\DSPDN�\HWHUOL�RODFDNWÕU� 

F12

74 kN

t
 

ùHNLO�����)12�NXYYHWLQLQ�]DPDQOD�GH÷LúLPL 
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2max12

max /8,57
80.16

74000
1 mmN

A

F
===  

01min =  

( ) ( ) 2minmax

0 /9,28
2

08,57

2

11
1 mmN=

+
=

+
=  

( ) ( ) 2minmax /9,28
2

08,57

2

11
1 mmNg =

−
=

−
=  

8,1)11,2(78,01)1.(1 =−+=−+= Tç KqK  

2*
/5,82165.

8,1

1.9,0
1.

.
1 mmN

K

KK
D

ç

by

D ===  

1,2

9,28
5,82

230
9,28

230

1.
1

1
1

1

*0

=








+

=









+

=

g

D

AK

AKS  

4.3 3HUQRODUÕQ�+HVDEÕ 
3HUQRODU�oDOÕúPD�NRúXOODUÕQGDQ�GROD\Õ�H÷LOPH\H�YH�\�]H\�EDVÕQFÕQD�PDUX]�NDOÕUODU��%X�\�]GHQ�
PXNDYHPHW� NRQWURO� KHVDSODUÕ� EX� ]RUODQPD� NRúXOODUÕQD� J|UH� \DSÕOÕU�� 6LVWHP� GDKLOLQGH�
NXOODQÕODQ�W�P�SHUQRODU�6$(������VHPHQWDV\RQ�oHOL÷LQGHQ�LPDO�HGLOPLúWLU��dL]HOge 4.1’de bu 

malzeme için verilen gerilmeler görülmektedir. 

dL]HOJH�����6$(������VHPHQWDV\RQ�oHOL÷L�LoLQ�JHULOPHOHU 
 σK σAK 1eD 

*HULOPH�GH÷HUL�1�PP2
) 1080 630 445 

 

3HUQR� ED÷ODQWÕODUÕ� \DSÕVDO� |]HOOLNOHULQH� ED÷OÕ� RODUDN� ùHNLO� ���¶GH� J|U�OG�÷�� JLEL� LNL� oHúLt 
]RUODQPD\D� PDUX]� NDOÕUODU�� %X� ]RUODQPD� úHNLOOHULQH� J|UH� GH� PXNDYHPHW� KHVDSODUÕ� IDUNOÕOÕN�
J|VWHULU�� +HVDSODPDODU� \DSÕOÕUNHQ� SHUQRODUD� HWNL� HGHQ� NXYYHWOHULQ� \D\ÕOÕ� \�NOHU� ROGXNODUÕ�
XQXWXOPDPDOÕGÕU� 
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Me

F

F/2 F/2

bb1 b1

Me

aa

F/2 F/2

b1

F/2

b1

F/2
A) B)

+

-

a

+

-

Kesme 
kuvveti

Kesme 
kuvveti

 

ùHNLO�����3HUQRODUGD�ROXúDQ�]RUODQPD�oHúLWOHUL 
<�]H\�EDVÕQFÕ� 

 A ve B için emp
db

F
p ≤=

1

max

2
 (4.2) 

A için emp
ad

F
p ≤= max  (4.3) 

B için emp
ad

F
p ≤=

2

max  (4.4) 

<�]H\� EDVÕQFÕ� HPQL\HW� GH÷HUL�
ç

yAK

em
K

K

S
p .

1
= � úHNOLQGH� KHVDS� HGLOLU� YH� 6� HPQL\HW� NDWVD\ÕVÕ�

GH÷HUL� GH÷LúNHQ� ]RUODQPDODUGD� �������� GH÷HUOHUL� DUDVÕQGD� VHoLOLU�� 7�P� SHUQRODUÕQ� \�]H\OHUL�
SDUODWÕOPÕú�YH�G�]�SHUQRODUGÕU�YH�HPQL\HW�NDWVD\ÕVÕ�����VHoLOLUVH�� 

2
/252

1

1
.

5,2

630
.

1
mmN

K

K

S
p

ç

yAK

em === �RODUDN�DOÕQÕU� 

(÷LOPH� 

A için 
8

.

22

1 aFbbF
M e −






 +

=  (4.5) 

B için 





 +

=
22

1baF
M e  (4.6) 
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33 .�
32

32

.�
1

d

M

d

M

W

M eee

e ===  (4.7) 

4.3.1 ��1XPDUDOÕ�3HUQR� 
%� WLSL�ELU�SHUQR�ROXS�ùHNLO����¶GH�ER\XWODUÕ�YH�NXYYHW�HWNLVL�J|U�OPHNWHGLU��dL]HOJH�����¶GH�
YHULOHQ�GH÷HUOHUH�J|UH�SHUQR\D�HWNL�HGHQ�NXYYHW�)pim1=67∼�N1�DUDVÕQGD�GH÷LúPHNWHGLU 

Fpim1/2

Fpim1/2

Fpim1

perno 1

 

ùHNLO�������QXPDUDOÕ�SHUQR�ED÷ODQWÕVÕ 

empmmNmmN
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F
p =≤=== 22

1
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2
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p =≤=== 22
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 +
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

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 +
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3
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.�
32

32

.�
1 mmN

d

M

d

M

W

M
=====  

01min =  
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( ) ( ) 2minmax /128
2

0256

2

11
1 mmNg =

−
=

−
=  

2*
/334445.

1

75,0.1
1.

.
1 mmN

K

KK
D

ç

by

D ===  

7,1

128
334

630
128

630

1.
1

1
1

1

*0

=






+

=









+

=

g

D

AK

AKS  

4.3.2 ��1XPDUDOÕ�3HUQR 

%� WLSL� ELU� SHUQR� ROXS� ùHNLO� ���¶GD� ER\XWODUÕ� YH� NXYYHW� HWNLVL� J|U�OPHNWHGLU�� �� QXPDUDOÕ�
pernoya etkiyen maksimum kuvvet F12�NXYYHWLQH�HúLW��)pim2)max= 74kN (Fpim2)min=0 N dur. 
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perno 2 

 

ùHNLO�������QXPDUDOÕ�SHUQR�ED÷ODQWÕVÕ 
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4.3.3 3 NXPDUDOÕ�3HUQR 

�� QXPDUDOÕ� SHUQRQXQ� GRQDQÕP� LoHUVLQGHNL� GL÷HU� SHUQRODUD� J|UH� IDUNOÕ� ELU� \DSÕVÕ� YDUGÕU��
%R\XWODUÕ� YH� NXYYHW� GD÷ÕOÕPÕ�ùHNLO� ����¶GD� YHULOPLúWLU��'DKD� |QFHNL� E|O�POHUGH� LQFHOHQGL÷L�
JLEL� �� QXPDUDOÕ� SHUQR� �]HULQH� HWNL� HGHQ� )12, F13, Fc� GH÷HUOHUL� ϕ� GH÷HULQH� J|UH� DOGÕNODUÕ�
NRQXPODU� YH� GH÷HUOHU� GH÷LúLP� J|VWHULU�� dL]HOJH� ���¶GH� NRQXPD� ED÷OÕ� RODUDN� GH÷HUOHULQ�
GH÷LúLPOHUL� YHULOPLúWLU�� <�]H\� EDVÕQFÕ� NRQWURO�� NXYYHWOHULQ� DOGÕNODUÕ� PDNVLPXP� GH÷HUOHUH�
J|UH�\DSÕOÕU�� 

perno 3
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ùHNLO��������QXPDUDOÕ�SHUQR�ED÷ODQWÕVÕ 
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(÷LOPH�LoLQ�\DSÕODFDN�NRQWURO�DúDPDVÕQGD�KHU�NRQXP�LoLQ�SHUQRQXQ�NULWLN�NHVLWLQLQ�EXOXQPDVÕ�
YH� EX� NHVLWWH� RUWD\D� oÕNDQ�PDNVLPXP� H÷LOPH�PRPHQWLQLQ� KHVDSODQPDVÕ� JHUHNOLGLU�� dL]HOJH�
���¶GH� YHULOHQ� GH÷HUOHUH� J|UH� PRPHQW� GL\DJUDPODUÕ� KHU� NRQXP� LoLQ� IDUNOÕ� RODFDNWÕU�� ùHNLO�
4.11’de ϕ=0°�NRQXPXQGD�KHU�LNL�G�]OHP�LoLQ�PRPHQW�GL\DJUDPODUÕ�YHULOPLúWLU� 

ZY Düzlemi

B=693 kNmm

ZX Düzlemi

A=-776kNmm

 

ùHNLO��������QXPDUDOÕ�SHUQR�ϕ=0° konXPX�LoLQ�PRPHQW�GL\DJUDPODUÕ 
ùHNLOGH�GH�J|U�OG�÷��JLEL�NULWLN�NHVLW�SHUQRQXQ�RUWD�QRNWDVÕGÕU��'L÷HU�NRQXPODU�LoLQ�LúOHPOHU�
WHNUDU� HGLOGL÷LQGH�KHU�NRQXP� LoLQ�NULWLN�NHVLW�EX�QRNWD�RODFDNWÕU��dL]HOJH����¶GH�EX�QRNWDGD�
ROXúDQ�PRPHQW�GH÷HUOHUL�J|U�OPHNWHGLU� 

Çizelge 4.2 ϕ�GH÷HUOHUL�LoLQ�NULWLN�NHVLWWH�ROXúDQ�PRPHQW�GH÷HUOHUL 
    Me(kNmm) 

ϕ(°) Fc(kN) F12(kN) F13(kN) A B 

0 56,4 67,5 12,9 -776 693 

10 56,4 72,3 20,4 -466 881 

15 56,4 73,4 23,0 -327 958 

20 56,4 73,9 25,3 -191 1027 

30 56,4 73,4 28,4 53 1131 

35 56,4 72,6 29,6 169 1170 

40 56,4 71,5 30,6 278 1201 

50 56,4 69,2 32,5 494 1241 

80 56,4 60,5 37,2 1052 1226 

110 56,4 51,4 42,9 1520 1092 

140 56,4 42,6 49,9 1907 914 

189 56,4 31,5 61,8 2380 635 
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Her iki düzlem göz önünde bulundurularak perno kritik kesiWLQGH�ROXúDFDN�PDNVLPXP�WRSODP�
moment ϕ=189° için; 

( ) ( ) ( ) ( ) NmmkNmmBAM 246300024636352380
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QXPDUDOÕ� SHUQR� LoLQ� H÷LOPH� PRPHQWL� ùHNLO� ����¶GH� J|U�OHQ� WDUDOÕ� DODQ� LoHUVLQGH� GH÷LúLP�
gösterecektir. 
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4.3.4 ��1XPDUDOÕ�3HUQR 

%� WLSL� ELU� SHUQR� ROXS� ùHNLO� ����¶GH� ER\XWODUÕ� YH� NXYYHW� HWNLVL� J|U�OPHNWHGLU�� �� QXPDUDOÕ�
pernoya etkiyen maksimum kuvvet F13� NXYYHWLQLQ� GH÷HULQH� HúLW� �)pim4)max= 62kN 

(Fpim4)min=0kN dur. 
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4.3.5 ��1XPDUDOÕ�3HUQR 

$� WLSL� ELU� SHUQR� ROXS� ùHNLO� ����¶GH� ER\XWODUÕ� YH� NXYYHW� HWNLVL� J|U�OPHNWHGLU�� �� QXPDUDOÕ�
pernoya etki eden maksimum kuvvet Fc� NXYYHWLQLQ� GH÷HULQH� HúLW� �)pim5)max= 56,4kN 

(Fpim5)min=0kNdur. 
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perno 5
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4.3.6 ��1XPDUDOÕ�3HUQR 

$� WLSL� ELU� SHUQR� ROXS� ER\XWODUÕ� YH� NXYYHW� HWNLVL� ùHNLO� ����¶GH� J|U�OPHNWHGLU�� �� QXPDUDOÕ�
pernoya etki eden maksimum kuvvet Fb� NXYYHWLQLQ� GH÷HULQH� HúLW� �)pim6)max=110,4kN 

(Fpim6)min= -12,8kN dur. 
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4.3.7 ��1XPDUDOÕ�3HUQR 

%�WLSL�ELU�SHUQR�ROXS�ùHNLO�����¶GD�ER\XWODUÕ�YH�NXYYHt etkisi görülmektedir. Çizelge 3.11’de 

YHULOHQ�GH÷HUOHUH�J|UH�SHUQR\D�HWNL�HGHQ�NXYYHW�)pim7=120∼�N1�DUDVÕQGD�GH÷LúPHNWHGLU 

perno 7
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4.3.8 ��1XPDUDOÕ�3HUQR 

$� WLSL� ELU� SHUQR� ROXS� ER\XWODUÕ� YH� NXYYHW� HWNLVL� ùHNLO� ����¶GH� J|U�OPHNWHGLU�� �� QXPDUDOÕ�
pernoya etki eden maksimum kuvvet Fb� NXYYHWLQLQ� GH÷HULQH� HúLW� �)pim8)max=110,4kN 

(Fpim8)min= -12,8kN dur. 
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4.3.9 ��1XPDUDOÕ�3HUQR 

$� WLSL� ELU� SHUQR� ROXS� ER\XWODUÕ� YH� NXYYHW� HWNLVL� ùHNLO� ����¶GH� J|U�OPHNWHGLU�� �� QXPDUDOÕ�
pernoya etki eden maksimum kuvvet Fa� NXYYHWLQLQ� GH÷HULQH� HúLWWLU�� %XQGDQ� GROD\Õ� IDUNOÕ�λ 

GH÷HUOHUL�LoLQ�KHVDSODU�\DSÕOPÕúWÕU� 
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0°<λ<130° için 
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λ=130° için 

empmmNmmN
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4.4 %RRP�YH�.RO�KHVDEÕ 

4.4.1 %RRP�+HVDEÕ 
Boomun mukavemHW� NRQWURO�� \DSÕOÕUNHQ� |QFHOLNOH� JHULOPH� GXUXPXQXQ� J|]� |Q�QGH�
EXOXQGXUXOPDVÕ�JHUHNLU��.RO�ND]PD�NXYYHWL�HWNLVL�DOWÕQGD�λ=60°, µ=30°, ϕ=60° konumu için 
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ùHNLO�����¶GD�ERRP�JHULOPH�GXUXPX�YHULOPLúWLU� 

15,5 kN

86.4 kN

2,1 kN

13 kN

EGILME MOMENTI

KESME KUVVETI

16,5 kNm

48,55 kN

0,35 kN

34 kNm

NORMAL KUVVET

46,64 kN

46,64 kN

48,55 kN
76 kN

73,4 kN

16,5 kNm

32,8 kNm

86.4 kN

15,5 kN

16,15 kN

A BC D E  

ùHNLO������.RO�ND]PD�NXYYHti etkisi ile λ=60°, µ=30°, ϕ=60° konumu boom gerilme durumu  

 Boom için herhangi bir kesitteki gerilme  

cI

M e

/
1 = (N/mm

2
) (4.8) 

úHNOLQGH� RODFDNWÕU�� ùHNLO� ����¶GH� %� NHVLWL� J|U�OPHNWHGLU�� .HVLWWH� ROXúDFDN� JHULOPH� GXUXPX�
DúD÷ÕGDNL�JLEL�KHVDEHGLOir. 

145

180

2
8
8

9

9

M

2
0
3

 

ùHNLO������%�NHVLWL 
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%�NHVLWL�LoLQ�DWDOHW�PRPHQWL�DúD÷ÕGDNL�JLEL�KHVDSODQÕU� 
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%RRPXQ�\DSÕVÕQGDQ�GROD\Õ�KHU�NHVLWWHNL�,�F�RUDQÕ�IDUNOÕGÕU��*HULOPH�GXUXPXQX�LoLQ�EX�RUDQÕQ�
ERRP� ER\XQFD� GH÷LúLPLQL� RUWD\D� NR\PDN� JHUHNOLGLU�� ùHNLO� ����¶GH� ,�F�� ����¶GH� JHULOPH�
GH÷HUOHULQLQ�HNVHQ�ER\XQFD�GH÷LúLPOHUL�J|U�OPHNWHGLU� 
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ùHNLO������%RRP�LoLQ�NHVLW�ER\XQFD�,�F�GH÷LúLPL 
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4.4.2 .RO�+HVDEÕ 
.ROXQ�PXNDYHPHW�NRQWURO��ERRP�LOH�D\QÕGÕU��.RO�ND]PD�NXYYHWL�HWNLVL�DOWÕQGD�λ=60°, µ=30°, 

ϕ=60° konumu ioLQ�ùHNLO�����¶GH�NRO�JHULOPH�GXUXPX�YHULOPLúWLU� 

41,7 kN

68,5 kN

31 kN

68,5 kN

31 kN

81,3 kN

-18,6 kN
-12,8 kN

-43,4 kN

-2,1 kN

33,1 kN

82°

9°

-45,5 kN

23,6 kN

5,77 kN

5,77 kN

45,5 kN

NORMAL KUVVET

KESME KUVVETI

EGILME MOMENTI 25,4 kNm

17 kNm

27,5 kNm

22,7 kNm

1,1 kNm
A B

C

 

ùHNLO������.RO�ND]PD�NXYYHWL�HWNLVL�LOH�λ=60°, µ=30°, ϕ=60° konumu kol gerilme durumu 

&

%

$

0

200000

400000

600000

800000

1000000

1200000

I/
c(

m
m

3
)

 

ùHNLO������.RO�LoLQ�NHVLW�ER\XQFD�,�F�GH÷LúLPL 

$

%

&-20

0

20

40

60

80

100

G
er

il
m

e(
N

/m
m

2
)

 

ùHNLO������.RO�LoLQ�NHVLW�ER\XQFD�JHULOPH�GH÷LúLPL 



 54 

5. SONUÇ 

dDOÕúPD� ER\XQFD� \DSÕODQ� DúDPDODU� WHNUDU� HGLOHFHN� ROXUVD�� HNVNDYDW|UOHU� KDNNÕQGD� DoÕNOD\ÕFÕ�
WHPHO� ELOJLOHU� YHULOGLNWHQ� VRQUD� oDOÕúPD� GRQDQÕPÕQÕ� ROXúWXUDQ� SDUoDODU� YH� GRQDQÕPD� DLW�
büyüNO�NOHU�WDQÕWÕODUDN�JLULú�\DSÕOPÕúWÕU� 
dDOÕúPD� GRQDQÕPÕQ� NXYYHW� DQDOL]L� LoLQ� ND]PD� LúOHPL� VÕUDVÕQGD� NHSoH\H� HWNL\HQ� GÕú� NXYYHW�
WDQÕPODQDUDN��EX�NXYYHWH�J|UH�GRQDQÕPÕ�ROXúWXUDQ�DQD�SDUoDODU�NRO��ERRP�YH�NHSoH�LoLQ�VWDWLN�
GHQJH�GHQNOHPOHUL�\D]ÕOPÕú�YH�ND]PD�NXYYHWOHUL�DoÕNODQPÕúWÕU��'HQJH�GHQNOHPOHUL�|UQHN�ELU�
VLVWHP��]HULQGH�NRO�YH�NHSoH�ND]PD�NXYYHWL� LoLQ�D\UÕ� D\UÕ� WDQÕPODQPÕúODUGÕU��%X� WDQÕPODPD�
\DSÕOÕUNHQ� GRQDQÕPÕQ� ELUELUOHULQH� J|UH� KDUHNHWOHUL� EHOLUOHPHN� DPDFÕ� LOH� YHULOHQ� λ, µ, ϕ  

GH÷HUOHUL�YH�SDUoDODUÕQ�ELUELUOHULQH�J|UH�oL]GLNOHUL�GDLUHVHO�\|U�QJHOHU�\DUGÕPÕ�LOH�VLVWHPLQ�KHU�
NRQXPX� LoLQ� GHQNOHPOHUGH� NXOODQÕODQ� WHULPOHUL� YHUHQ� HúLWOLNOHU� \D]ÕOPÕúWÕU�� %X� HúLWOLNOHU� YH�
GHQNOHPOHU� \DUGÕPÕ� LOH� VLVWHPLQ� GH÷LúLN� NRQXPODUÕ� LoLQ� NRO� YH� NHSoH� VLOLQGLUL� NXYYHWL� HWkisi 

DOWÕQGD� SDUoDODUD� HWNL\HQ� NXYYHWOHU� YH� ND]PD� NXYYHWOHUL� KHVDSODQPÕúWÕU�� +HVDSODQDQ� EX�
NXYYHWOHU� VLVWHP� LoHUVLQGH� KLoELU� VÕQÕUODPD� ROPDGDQ� KHVDSODQDQ� GH÷HUOHUGLU�� %XQGDQ� GROD\Õ�
öncelikle hidrolik sistemden gelen daha sonra ise sistemin tüm dengesinden ileri gelen 

VÕQÕUODPDODU� J|]� |Q�QGH� EXOXQGXUXODUDN� GRQDQÕP� SDUoDODUÕQD� HWNL\HQ� NXYYHWOHULQ� LúOHWLP�
VÕUDVÕQGD� DODELOHFHNOHUL�PDNVLPXP�YH�PLQXPXP�GH÷HUOHU� EXOXQPXúWXU��'RQDQÕPÕ� ROXúWXUDQ�
SDUoDODU�WHN�ELU�ND]PD�LúOHPL�VÕUDVÕQGD�EX�PDNVLPXP�YH�PLQLPXP�GH÷HUOHU�DUDVÕQGD�GH÷LúHQ�
NXYYHWOHULQ� HWNLVL� DOWÕQGD� NDOGÕNODUÕQGDQ�� SDUoDODUÕQ�� 6RGHUEHUJ� GL\DJUDPODUÕ� DUDFÕOÕ÷Õ� LOH�
X\JXQ�JHULOPH�NRúXOODUÕ�DOWÕQGD�PXNDYHPHW�NRQWUROOHUL�\DSÕODUDN�oDOÕúPD\D�VRQ�YHULOPLúWLU� 
dL]HOJH� ���� YH� ���¶GH� 6RGHUEHUJ� GL\DJUDPÕ� NXOODQÕODUDN� KHVDSODQDQ� 6� GH÷HUOHUL� YH� \�]H\�
EDVÕQoODUÕ�YHULOPLúWLU� 

dL]HOJH�����dHNPH\H�YH�EDVPD\D�oDOÕúDQ�HOHPDQODU�LoLQ�6�GH÷HUOHUL 
3DUoD�DGÕ S 

Kepçe hidrolik silindiri 5,2 

Kol hidrolik silindiri 3,2 

���YH����QXPDUDOÕ�SDUoDODU 2,1 

Boom hidrolik silindiri 

69,1,130�
65,2,130�0

15,2,0�

==

=<<

==

S

S

S

$

$$

$
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dL]HOJH�����3HUQRODU�LoLQ�6�YH�\�]H\�EDVÕQFÕ�GH÷HUOHUL 

 pem=250 N/mm
2  

Perno No pmax(N/mm
2
) S 

1 34,9 1,7 

2 38,5 1,54 

3 50,35 1,11 

4 19,38 1,58 

5 50,3 2,4 

6 98,5 1,18 

7 31,75 1,07 

8 101,7 1,01 

9 

163,130�
8,86,130�0

5,14,0�

max

max

max

==

=<<

==

P

P

P

$

$$

$

 

63,0,130�
09,1,130�0

82,0,0�

==

=<<

==

S

S

S

$

$$

$

 

 

dL]HOJH� ���� YH� ���� LQFHOHQGL÷LQGH� �� QXPDUDOÕ� SHUQR� KDULo� W�P� GH÷HUOHULQ� VRQVX]� |P�U�
E|OJHVLQGH� oDOÕúWÕNODUÕ� J|U�O�U�� �� QXPDUDOÕ� SHUQR� \�]H\� EDVÕQFÕ� EDNÕPÕQGDQ� HPQL\HWOLGLU��
Fakat λ=0° ve λ=130°� GH÷HUOHUL� LoLQ� H÷LOPH� JHULOPHVL� DOWÕQGD� sonlu ömür bölgesinde 

oDOÕúPDNWDGÕU��%X�NRQXPODU�LoLQ�|P�U�KHVDEÕ�\DSPDN��]HUH�:|KOHU�GL\DJUDPÕ�oL]LOPHOLGLU� 

logN

K=0,9.1080=972

g

322

3 6

354

5,85  

ùHNLO�������QXPDUDOÕ�SHUQR�λ=0°�NRQXPX�LoLQ�:|KOHU�GL\DJUDPÕ 

logN

972

404

322

3 65,62

g

 

ùHNLO�������QXPDUDOÕ�perno λ=130°�NRQXPX�LoLQ�:|KOHU�GL\DJUDPÕ 
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ùHNLO� ���� YH� ���¶GH� EX� NRQXPODUD� DLW�Z|KOHU� GL\DJUDPODUÕ� J|U�OPHNWHGLU�� �� QXPDUDOÕ� SHUQR�
LoLQ� \�N� WHNUDU� VD\ÕVÕ� ND]PD� LúOHPL� VD\ÕVÕVÕQD� HúLWWLU�� gUQHN� RODUDN� �� QXPDUDOÕ� SHUQR� λ=0 

NRQXPX� LoLQ� PDNVLPXP� NXYYHWOHU� DOWÕnda 10
5,85

 kez kazma yapabilecektir. Sonlu ömür 

E|OJHVLQGH�EXOXQDQ�EX�NRQXPODU�\DSÕ�RODUDNWD�ND]PD�LúOHPL�LoLQ�X\JXQ�NRQXPODU�GH÷LOOHUGLU��
%X� NRQXPGD� ND]PD\D� EDúODQÕOGÕ÷ÕQGD� GR÷DO� RODUDN� D\QÕ� E|OJHGH� LNLQFL� ND]PD� LúOHPLQL�
JHUoHNOHúWLUHELOPHN�LoLQ�ERRP�λn kDGDU�G|QPHN�]RUXQGD�NDODFDNWÕU�� 

%X�NRQXPGD�J�QGH�����GHID�ND]PD�\DSÕOGÕ÷Õ�G�ú�Q�OG�÷�QGH�SDUoD�|PU�� 3,19
365.100

10
85,5

= �\ÕO�
RODUDN� KHVDSODQÕU� YH� EX� V�UH� HNVNDYDW|U� LoLQ� X\JXQ� ELU� |P�U� V�UHVL� RODFDNWÕU�� $\UÕFD� KHU�
ND]PD� LúOHPLQGH�NXYYHWOHULQ�PDNVLPXP�GH÷HUOHUL� DOPD\DFD÷ÕGD�KHVDED�NDWÕOÕUVD�KHVDSODQDQ�
1�GH÷HUOHUL�X\JXQGXU� 
%RRP� YH� NRO� LoLQ� X\JXQ� ELU� oDOÕúPD� NRQXPXQGD� VWDWLN� RODUDN� JHULOPH� DQDOL]L� \DSÕOPÕúWÕU��
6LVWHPLQ� GR÷DVÕ� JHUH÷L� ERRP� YH� NROD� KHU� NRQXP� LoLQ� HWNL� HGHQ� NXYYHWOHUL� KHVDSODPDN�
neredeyse imkDQVÕ]GÕU�� øVWHQLOGL÷L� WDNGLUGH� GH÷LúLN� NRQXPODU� LoLQGH� JHULOPH� DQDOL]OHUL�
\DSÕODUDN�GDKD�NHVLQ�VRQXoODU�HOGH�HWPHN�P�PN�Q�RODFDNWÕU� 
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$NNXUW�0�����������³0DNLQD�(OHPDQODUÕ�&LOW�,-,,´��%LUVHQ�<D\ÕQ�(YL��øVWDQEXO 
Rende H., (2000), “MakiQD�(OHPDQODUÕ�&LOW��´��6Ho�<D\ÕQ�'D÷ÕWÕP��øVWDQEXO 
$OSDVODQ�1�d����������³øQúDDW�0DNLQDODUÕ´��<ÕOGÕ]�7HNQLN�hQLYHUVLWHVL�<D\ÕQODUÕ��øVWDQEXO 
7DKUDOÕ� 1�� YH� 'LNPHQ� )��� �������� ³.RQVWU�NVL\RQ� (OHPDQODUÕQGD� *�YHQLUOLN� YH� gP�U�
+HVDSODUÕ´��<ÕOGÕ]�7HNQLN�hQLYHUVLWHVL�<D\ÕQODUÕ��øVWDQEXO 
g]FDQ�)�����������³+LGUROLN�$NÕúNDQ�*�F�´��0HUW�(÷LWLP�<D\ÕQODUÕ��øVWDQEXO 
<HúLODGD� (��� �������� ³0DNLQH�%LOJLVL� YH�<DSÕ�0DNLQDODUÕ´��$QDGROX�hQLYHUVLWHVL�<D\ÕQODUÕ��
(VNLúHKLU 
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EKLER 

Ek 1 ENVNDYDW|U�SDUoDODUÕQÕQ�VHUEHVW�FLVLP�GL\DJUDPODUÕ 
Ek 2   Kazma kuvvetleri 

Ek 3  Kepçenin ϕ�GH÷HUOHULQH�ED÷OÕ�RODUDN�NRQXPODUÕ 
Ek 4  .HSoH�ND]PD�NXYYHWL�HWNLVL�DOWÕQGD�VLVWHPH�HWNL\HQ�NXYYHWOHULQ�ϕ, µ, λ�GH÷HUOHULQH�

J|UH�GH÷LúLPL 
Ek 5  Kol kazma kuvveti etkLVL�DOWÕQGD�VLVWHPH�HWNL\HQ�NXYYHWOHULQ�λ, µ, ϕ�GH÷HUOHULQH�

J|UH�GH÷LúLPL 
Ek 6 Fa, Fb, Fc kuvvetlerinin grafiksel gösterimleri 

Ek 7  +HVDSODPDODUGD�NXOODQÕODQ�GH÷LúNHQOHU 
Ek 8  Boom 

Ek 9  Kol 

Ek 10 Kol hidrolik silindiri 

Ek 11 Boom hidrolik silindiri 

Ek 12 Kepçe hidrolik silindiri 









 λ=0° 

 µ=0° µ=30° µ=102° 

ϕ(°) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) 

0 11,7 58,5 64,3 60,7 290 11,9 58,8 53,8 56,8 257,6 12,2 59,2 125,6 136,3 54,2 

20 16,4 65,0 105,6 106,8 416,4 16,6 65,3 88,0 97,5 328,8 16,8 65,8 197,5 212,5 27,9 

30 17,7 66,0 118,1 122,5 433 17,9 66,4 98,4 110,7 320,1 18,0 66,9 218,8 234,1 3,5 

40 18,4 66,4 125,4 132,8 421,5 18,6 66,8 104,3 118,9 289,1 18,5 67,3 230,6 245,1 -20,3 

50 18,6 66,4 123,9 133,9 379,7 18,7 66,8 102,9 118,8 235,1 18,6 67,4 226,8 239,5 -46,9 

80 16,8 64,1 93,9 107,9 175,9 16,9 64,5 77,6 92,6 40,4 16,4 64,7 171,7 176,1 -87,8 

110 13,2 58,0 45,8 57,4 -24,6 13,1 58,3 37,5 46,9 -103,9 12,5 58,1 87,5 84,6 -75 

140 9,2 49,4 8,0 15,6 -124,6 9,0 49,5 6,4 12,8 -144,5 8,5 48,9 23,9 18,6 -38,2 

189 4,4 36,0 -12,8 15,3 -107,6 4,1 35,8 -10,2 14,8 -85,3 3,9 34,9 -10,7 16,1 0,8 

 λ=60° 

 µ=0° µ=30° µ=102° 

ϕ(°) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) 

0 12,1 59,0 66,8 65,3 137,5 12,2 59,1 58,0 63,2 121,7 12,0 59,0 134,8 147,5 16,1 

20 16,8 65,6 108,1 111,5 201,4 16,8 65,8 91,9 103,6 156,6 16,4 65,6 205,3 222,2 3,2 

30 18,0 66,7 120,4 127,0 208,9 18,0 66,9 102,0 116,5 151,3 17,5 66,7 226,1 243,3 -8,9 

40 18,7 67,1 127,3 137,0 202,1 18,6 67,3 107,6 124,3 134,7 18,0 66,9 237,5 253,9 -20,8 

50 18,8 67,2 125,4 137,8 179,6 18,6 67,3 105,8 123,8 106,6 18,1 66,9 233,7 248,3 -34,1 

80 16,7 64,8 94,4 110,5 73,2 16,5 64,8 79,9 96,9 7,3 16,0 64,0 179,8 186,3 -54,5 

110 12,8 58,4 46,2 59,7 -28,6 12,6 58,2 40,2 51,5 -64,4 12,2 57,2 97,6 96,9 -48,6 

140 8,8 49,4 9,3 18,5 -77 8,5 49,1 10,1 17,0 -83,4 8,4 48,1 34,8 31,1 -30,9 

189 3,9 35,5 -10,3 11,2 -66,9 3,9 35,1 -6,1 9,3 -55,1 4,2 34,5 -2,2 6,0 -11,1 

 λ=130° 

 µ=0° µ=30° µ=102° 

ϕ(°) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) FC(kN) Fpim1(kN) Fb(kN) Fpim7(kN) Fa(kN) 

0 12,2 59,1 74,1 74,5 592,4 12,0 59,0 63,3 70,4 522,5 11,4 58,4 132,5 146,1 108,3 

20 16,6 65,8 114,5 119,8 824,2 16,4 65,6 96,5 109,8 649,9 15,9 64,9 202,7 220,6 63 

30 17,8 66,9 126,4 134,8 849,4 17,5 66,7 106,2 122,3 629,9 17,1 65,8 223,8 242,0 18,4 

40 18,3 67,2 132,9 144,3 821,1 18,1 67,0 111,6 129,7 568,6 17,7 66,1 235,7 253,1 -25,7 

50 18,3 67,2 130,7 144,6 735,9 18,1 66,9 109,8 129,2 465,3 17,8 66,0 232,6 248,3 -75,5 

80 16,2 64,5 99,7 117,0 341,1 16,0 64,1 84,4 102,5 101,9 16,0 63,1 181,0 188,7 -155,8 

110 12,3 57,7 52,5 67,0 -29,7 12,2 57,2 45,8 58,1 -160,8 12,5 56,6 99,6 100,0 -138,7 

140 8,4 48,5 16,8 26,3 -205,4 8,4 48,1 16,3 23,0 -235,9 8,9 47,8 35,3 32,3 -73,8 

189 4,0 34,6 -3,3 4,2 -181,3 4,2 34,5 -1,1 4,1 -145,4 4,8 34,9 -4,8 7,2 7,5 
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(.���.RO�ND]PD�NXYYHWL�HWNLVL�DOWÕQGD�VLVWHPH�HWNL\HQ�NXYYHWOHULQ�λ, µ, ϕ�GH÷HUOHULQH�J|UH�GH÷LúLPL 

 λ=0° 

 µ=0° µ=30° µ=102° 

ϕ(°) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) 

0 12,1 76,8 62,4 52,1 11,9 58,0 285,8 14,5 84,2 73,6 61,5 14,0 68,7 258,0 6,7 80,1 31,6 26,4 6,0 30,1 -11,9 

10 11,8 77,4 55,6 43,4 15,7 51,6 275,7 14,2 84,5 65,7 51,2 18,5 61,3 243,4 6,5 79,8 28,4 22,2 8,0 27,2 -14,2 

20 11,6 77,9 50,8 38,8 17,4 47,0 267,2 14,0 84,8 60,2 45,9 20,6 56,1 230,7 6,4 79,6 26,2 20,0 9,0 25,1 -16,3 

30 11,5 78,5 47,2 36,3 18,3 43,7 258,9 13,9 85,1 56,0 43,0 21,7 52,2 217,7 6,3 79,3 24,6 18,9 9,5 23,6 -18,8 

40 11,5 79,1 44,3 35,0 19,0 41,1 250,9 13,8 85,4 52,7 41,5 22,5 49,2 204,9 6,3 79,1 23,3 18,4 10,0 22,5 -21,4 

50 11,6 79,7 42,4 34,5 19,9 39,3 243,3 13,9 85,9 50,5 41,1 23,7 47,2 192,3 6,3 78,9 22,6 18,4 10,6 21,8 -24,2 

60 11,7 80,2 42,0 36,1 20,4 38,8 238,5 14,0 86,2 50,2 43,1 24,4 46,8 183,4 6,3 78,8 22,7 19,4 11,0 21,8 -26,6 

70 12,0 81,0 39,7 35,4 22,0 36,9 228,6 14,3 86,9 47,5 42,4 26,4 44,6 166,2 6,4 78,6 21,6 19,3 12,0 20,9 -31,0 

80 12,3 81,7 38,8 36,2 23,9 36,0 222,0 14,6 87,4 46,6 43,4 28,7 43,7 153,8 6,5 78,5 21,4 20,0 13,2 20,7 -34,6 

 λ=60° 

 µ=0° µ=30° µ=102° 

ϕ(°) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) 

0 12,1 79,0 60,0 50,1 11,4 56,3 129,4 14,0 86,0 69,3 57,9 13,2 65,3 113,2 5,7 81,4 27,9 23,3 5,3 26,5 -17,7 

10 11,8 79,6 53,6 41,8 15,1 50,4 124,2 13,7 86,2 62,2 48,5 17,5 58,5 105,9 5,5 81,1 25,3 19,8 7,1 24,0 -18,5 

20 11,6 80,1 49,2 37,6 16,8 46,2 119,7 13,5 86,5 57,2 43,7 19,6 53,8 99,5 5,4 80,9 23,5 18,0 8,1 22,3 -19,3 

30 11,5 80,6 45,8 35,2 17,8 43,1 115,3 13,3 86,8 53,4 41,1 20,7 50,4 93,0 5,3 80,7 22,2 17,1 8,6 21,0 -20,3 

40 11,5 81,2 43,3 34,1 18,5 40,8 111,0 13,2 87,1 50,5 39,8 21,6 47,7 86,7 5,3 80,5 21,2 16,7 9,0 20,1 -21,3 

50 11,5 81,8 41,5 33,8 19,5 39,2 107,0 13,3 87,5 48,6 39,6 22,8 46,0 80,4 5,2 80,4 20,5 16,7 9,6 19,5 -22,4 

60 11,6 82,3 41,4 35,5 20,1 39,0 104,5 13,4 87,8 48,6 41,7 23,6 45,8 76,0 5,3 80,3 20,6 17,7 10,0 19,5 -23,4 

70 11,8 83,1 39,3 35,0 21,8 37,2 99,3 13,6 88,4 46,1 41,1 25,6 43,8 67,6 5,3 80,1 19,7 17,6 10,9 18,7 -25,3 

80 12,1 83,8 38,6 36,0 23,8 36,6 95,8 13,9 88,9 45,4 42,3 28,0 43,1 61,5 5,5 80,0 19,5 18,2 12,0 18,4 -26,9 

 λ=130° 

 µ=0° µ=30° µ=102° 

ϕ(°) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) FB(kN) Fpim7(kN) F12(kN) Fc(kN) F13(kN) Fpim1(kN) Fa(kN) 

0 11,0 80,6 54,4 45,4 10,4 51,3 507,2 12,8 87,0 64,7 54,1 12,3 60,8 457,1 5,4 82,5 29,6 24,7 5,6 27,2 -13,1 

10 10,8 81,1 48,9 38,2 13,8 46,2 488,3 12,5 87,2 58,3 45,5 16,4 54,7 431,5 5,2 82,3 26,6 20,8 7,5 24,4 -16,3 

20 10,5 81,5 45,2 34,5 15,5 42,6 472,1 12,3 87,4 53,8 41,1 18,4 50,4 409,3 5,1 82,1 24,6 18,8 8,4 22,4 -19,3 

30 10,4 82,0 42,3 32,6 16,4 40,0 456,6 12,1 87,7 50,4 38,8 19,5 47,3 387,0 5,1 81,9 23,0 17,7 8,9 20,9 -23,2 

40 10,3 82,5 40,2 31,7 17,2 38,0 441,5 12,0 87,9 47,8 37,7 20,4 44,9 365,0 5,0 81,7 21,7 17,1 9,3 19,7 -27,4 

50 10,4 83,0 38,7 31,6 18,2 36,7 427,4 12,0 88,3 46,1 37,5 21,6 43,3 343,5 5,0 81,6 20,8 17,0 9,8 18,9 -32,3 

60 10,4 83,4 38,8 33,3 18,8 36,6 418,3 12,1 88,6 46,1 39,5 22,4 43,1 328,5 5,1 81,5 20,8 17,8 10,1 18,7 -36,8 

70 10,6 84,2 37,0 33,0 20,5 35,1 400,5 12,4 89,1 43,8 39,1 24,3 41,2 299,7 5,2 81,3 19,6 17,5 10,9 17,7 -44,6 

80 10,8 84,7 36,5 34,0 22,4 34,6 388,5 12,6 89,5 43,2 40,2 26,6 40,5 279,0 5,3 81,2 19,2 17,9 11,8 17,2 -51,3 
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Grafik 1 Maksimum kepçe kazma kuvveti etkisi ile λ=60° konumu 

için Fa kuvvetinin ϕ, µ�GH÷HUOHULQH�J|UH�GH÷LúLPL 
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Grafik 2 Maksimum kepçe kazma kuvveti etkisi ile λ=60° konumu 

için Fb kuvvetinin ϕ, µ�GH÷HUOHULQH�J|UH�GH÷LúLPL 
 

   EK 6 Fa, Fb, Fc kuvvetlerinin grafiksel gösterimleri                                                              
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Grafik 3 Maksimum kol kazma kuvveti etkisi ile λ=60° konumu için 

Fc kuvvetinin ϕ, µ�GH÷HUOHULQH�J|UH�GH÷LúLPL 
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Grafik 4 Maksimum kol kazma kuvveti etkisi ile λ=60° konumu için 

Fa kuvvetinin ϕ, µ�GH÷HUOHULQH�J|UH�GH÷LúLPL
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