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 6RQ� \ÕOODUGD�� ELOLP� YH� WHNQRORMLQLQ� KÕ]OÕ� JHOLúLPL�� hem malzeme hemde bu 

malzemelerin �U�Q� KDOH� JHWLULOPHVLQGH� NXOODQÕODQ� \|QWHPOHUGHQ� EHNOHQWLOHUL�
DUWWÕUPDNWDGÕU��%X�oDOÕúPDODU�GR÷UXOWXVXQGD�JHOLúWLULOHQ�LPDODW�\|QWHPOHULQGHQ�ELUL�GH�
(Wire Electro Discharge Machining) tel erozyonla imalat yöntemidir. Tel erozyon, 

�]HULQGH�\�NVHN�\R÷XQOXkta�DNÕP�JHoLULOHQ�ELU�WHO�\DUGÕPÕ\OD�NHVPH�LúOHPLGLU��.lasik 

ROPD\DQ� LPDO� XVXOOHUL� DUDVÕQD� \HU� DODQ� EX� \|QWHPOH� VHUW�� NarPDúÕN� SURILOOL� LOHWNHQ�
SDUoDODUÕQ�PLNURQ�KDVVDVL\HWLQGH�LúOHQHELOPHVL�P�PN�QG�U� 
 

 Tel erozyon ile kesimin en önemli parametrelerinden olDQ� úHNLO� YH� ER\XW�
WROHUDQVODUÕ� FLGGL\HWOH� LQFHOHQPHOLGLU�� %X� \�NVHN� OLVDQV� oDOÕúPDVÕQGD� NHVPH�
SDUDPHWUHOHULQLQ��NHVLOHQ�SDUoD��]HULQGHNL�HWNLOHUL�GHQH\VHO�RODUDN�LQFHOHQPLúWLU�� 
 

 Tolerans yüzeyleri optik tarama sistemi�\DUGÕPÕ\OD�|Oo�OP�úW�U��'HQH\OHUGH��
����PP� oDSÕQGD� SLULQo� WHO� NXOODQÕOPÕúWÕU�� 'HQH\� PDO]HPHVL� RODUDN� GD� ����� (D2) 

VR÷XN� Lú� WDNÕP� oHOL÷L� NXOODQÕOPÕúWÕU� .HVPH� LúOHPOHULQGH� J�o�� WLPH� RII� V�UHVL� YH�
JHULOLP�GH÷LúNHQ�RODUDN�DOÕQÕUNHQ��GLHOHNWULN�EDVÕQFÕ�� WHO� LOHUOHPH�KÕ]Õ�� WHO� JHUJLQOL÷L�
ve tel çDSÕ� VDELW� RODUDN� DOÕQPÕúWÕU�� <DSÕODQ� GHQH\� oDOÕúPDODUÕ� VRQXFXQGD� NHVLOHQ�
SDUoD�� � IDUNOÕ� NHVPH� SDUDPHWUHOHULQH� ED÷OÕ� RODUDN� GH÷LúWL÷L� WHVSLW� HGLOPLúWLU�� %XQD�
ED÷OÕ� RODUDN� NHVLOHQ� SDUoDODUÕQ�� EHNOHQHQ� |]HOOLNOHUH� J|UH� X\JXQ parametrelerin 

VHoLOPHVL�JHUHNWL÷L�VRQXFXQD�YDUÕOPÕúWÕU�� 
 

Haziran , 2007                                 2VPDQ�ø0$02ö/8 
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ABSTRACT 
 
 

THE EFFECTS OF CUTTING PARAMETERS ON THE FORM 

AND DIMENSIONAL  TOLERANCES DURING THE 

PROCESSING OF 2379 STEEL IN THE WIRE ELECTRICAL 

DISCHARGE MACHINE 

 

 In the last decade with the progress, and developments in science, and 

technology the expectations both from material properties, and technics used in 

manufacturing end products from materials have increased. One of the 

manufacturing processes is the Wire Electrical Discharge Machining (WEDM) 

developed in the direction of this purpose. Wire Electrical Discharge Machining  is a 

non-traditional cutting method of removing material by a series of rapidly recurring 

electric arcing discharges between an electrode (wire) and the work piece, in the 

presence of an energetic electric field. 

 

The important paremeters in Wire Electrical Discharge Machining are 

workpiece form and dimensional tolerances. These must be investigated in depth. 

The main subject of this study is to investigate experimentally different cutting 

parameters, and their effects on workpiece. 

 

The surface tolerances are measured using optical scanning system. A brass 

wire with a diameter of 0.25 mm, and 2379 (D2) steel have been used as workpiece 

material in the experiments. In cutting trials force, time-off time and voltage were 

taken as variables, while dielectric fluid circulation pressure, wire feed rate, wire 

tension and wire diameter were kept constant. Cutting trials using different 

parameters, showed changes in form and dimensional tolerances. Suitable parameters 

must be selected to remain within acceptable range of form and dimensional 

tolerance. 

 

  June , 2007                     ��������������2VPDQ�ø0$02ö/8 
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%X� WH]� oDOÕúPDVÕQGD� � NDOÕS� HOHPDQODUÕ� LPDODWÕQGD�PDNLQHQLQ� GH÷LúLN� NHVPH�
SDUDPHWUHOHULQH� ED÷OÕ� RODUDN� ROXúDELOHFHN� WROHUDQVODU� LQFHOHQPLúWLU�� dDOÕúPD�
SDUDPHWUHOHULQLQ� EHOLUOL� GH÷HUOHU� DUDVÕQGD� WXWXOPDVÕ� LoLQ� GH÷LúLN� NHVPH� úDUWODUÕQGD�
GHQH\OHU� \DSÕOGÕ�� .HVLOHQ� SDUoDODU� RSWLN� WDUDPD� \|QWHPL\OH� WDUDQDUDN� QRNWD� EXOXWX�
HOGH� HGLOGL�� (OGH� HGLOHQ� EX� QRNWD� EXOXWODUÕ� ELUOHúWLULOHUHN� \�]H\OHU� HOGH� HGLOGL��
Yüzeyler elde edildikten sonra diklik, úHkil  ve düzlemsellik toleUDQVODUÕ�
LQFHOHQPLúWLU�� 

 

<DSÕODQ� GHQH\OHULQ� DQDOL]L� VRQXFXQGD� WHNQRORML\H� oHúLWOL� NDWNÕODUÕ� ROPXúWXU��
g]HOOLNOH� Lú� SDUoDODUÕQ� WDVDUÕPÕQda belirlenen tolHUDQVODUÕQGD� LPDO� HGLOPHVL� LoLQ�
parametre seçLPOHULQLQ�HWNLVL�LUGHOHQPLúWLU�� 
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A     : 7HO�LOH�Lú�SDUoDVÕ�DUDVÕQGDNL�RUWDODPD�DNÕP�GH÷eri. 

V    : 7HO�LOH�Lú�SDUoDVÕ�DUDVÕQGDNL�RUWDODPD�YROWDM�GH÷eri. 

F         : Birim zamanda (mm/daNLND��DúÕQGÕUÕODQ�PDO]HPHQLQ�X]XQOX÷u. 
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BÖLÜM I 

 
 *ø5øù�9(�$0$d 

 
,����*ø5øù 
 
  
 .HVPH�� E�NPH� YH� IRUP� NDOÕSODUÕQGD� oRN� NXOODQÕODQ� ����� VR÷XN� Lú� WDNÕP�
oHOL÷LQLQ� NDUDNWHULVWLN� \DSÕVÕ� WHO� HUR]\RQGD� LúOHPH\H� HOYHULúOLGLU�� dHOLN� |Q�
KD]ÕUOÕNODUÕQGDQ�VRQUD�VHUWOHúWLULOPLúWLU��6HUWOHúWLULOPHGHQ�VRQUD�ELU�WDNÕP�JHUJLQOLNOHU�
PH\GDQD�JHOLU��%X�JHUJLQOLNOHUL�PDO]HPH��]HULQGHQ�DOPDN�LoLQ�PHQHYLúOHPH\H�WDEL�
WXWXOXU��0HQHYLú�VD\ÕVÕ��o�ROPDVÕ�GXUXPXQGD�WHO�HUR]\RQOD�NHVPH�HVQDVÕQGD�ROXúPDVÕ�
PXKWHPHO�JHUJLQOLNOHU�GH�RUWDGDQ�NDOGÕUÕOPÕú�ROXQXU�� 
 

 ,úÕO� LúOHP� VRQUDVÕ� �VHUWOHúWLUPH�� PHQHYLúOHPH�� YE��� LPDO� HGLOHFHN� NDOÕS�
malzemesinin kesimi için ya CAM (Computer Aided Manufacturing�� SURJUDPÕ�
YDVÕWDVÕ\OD� \DGD� HOOH� \D]ÕODQ� NHVLP� SURJUDPÕ� LOH� NHVPH� LúOHPL� JHUoHNOHúWLULOLU�� %X�
LúOHP�HVQDVÕQGD�PDNLQH�NHVPH�SDUDPHWUHOHUL��oHYUH�NRúXOODUÕ��PDNLQH�HOHPDQODUÕ�JLEL�
HWNHQOHULQ� GR÷UX� VHoLOPLú� ROPDVÕ� NHVLOHQ� SDUoDQÕQ� úHNLO� YH� ER\XW� WROHUDQVODUÕQÕn 

ROXúPDVÕQGD�GLUHNW�HWNLOLGLU� %XQGDQ�GROD\Õ, özellikle kontrolü mümkün olan kesme 

parametreleri GR÷UX�VHoLOPHOLGLU� 
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I.1. AMAÇ 
 

 

 0DNLQH�SDUoDODUÕQÕQ�ELUELUL��]HULQGH�oDOÕúPDVÕ�LoLQ� belli toleranslar dahilinde 

�UHWLOPHOHUL�JHUHNPHNWHGLU��7ROHUDQVODU�WDVDUÕP�DúDPDVÕQGD�VHoLOPHOL�YH�HOHPDQODUÕQ�
oDOÕúPD�úDUWODUÕQD�J|UH�KDVVDVL\HWOHUL�PLNURQ�VHYL\HVLQLQ�DOWÕQGa da seçilebilir.  

 

9HULPOLOL÷L� YH� |PU�� GLUHNW� RODUDN� HWNLOH\HQ� WROHUDQVODU�� � WHO� HUR]\RQ�
WH]JDKÕQGD� NHVPH� LúOHPL� HVQDVÕQGD� VHoLOHQ� NHVPH� SDUDPHWUHOHUL� LOH� \DNÕQGDQ�
LOLúNLOLGLU��%X�VHEHSOH�EX� tez� oDOÕúPDVÕQGD�GH÷LúLN�NHVPH�SDUDPHWUHOHUL�NXOODQÕODUDN�
kesme�\DSÕOÕS�EXQXQ�VRQXFXQGD�úHNLO�YH�NRQXP�WROHUDQVODUÕQD�HWNLVLQLQ�DUDúWÕUÕOPDVÕ�
DPDoODQPÕúWÕU�� 
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BÖLÜM II 

 
*(1(/�%ø/*ø/(5 

 

II.1��(/(.752�(52=<21�<g17(0ø 
 

,,������7DODú�.DOGÕUPD�0HNDQL]PDVÕ 
 

(OHNWUR�(UR]\RQ�\|QWHPLQLQ�WDODú�NDOGÕUPD�V�UHFLnde bir çevrimde meydana 

JHOHQ�ROD\ODU�DúD÷ÕGD�GRNX]�DúDPDGD�DoÕNODQPÕúWÕU��%X�DUGÕúÕN�2Q� - Off düzeni bir 

EDM çevirimini temsil etmekte ve saniyede 250.000 defa tekrarlanmak suretiyle 

PDO]HPHGHQ� WDODú� NDOGÕUPDNWDGÕU�� ùHNLOGHNL� JUDILNOHU� WDQÕPODQDQ� QRNWDODrda izafi 

RODUDN�DNÕP�YH�YROWDM�GH÷HUOHULQL�J|VWHUPHNWHGLU� 
 

��$úDPD 

 

(OHNWURW� LOH� Lú� SDUoDVÕ� EHOLUOL� ELU� PHVDIH� LOH� ELUELUOHULQH� \DNODúWÕ÷ÕQGD��
GLHOHNWULN� VÕYÕ� KHU� LNLVLQLQ� DUDVÕQGD� \DOÕWNDQ� J|UHYL� \DSDUDN� KHUKDQJL� ELU� DUN�
ROXúXPXQD�P�VDDGH�HWPH]��$QFDN�\eterli büyüklükte bir elektriksel potansiyel veya 

ELU� |QFHNL� oHYULPGHQ� NDODQ� PHWDOLN� SDUoDFÕNODU�� VÕYÕQÕQ� \DOÕWNDQOÕN� |]HOOL÷LQL�
ER]DELOLU��ùHNLOGH�J|U�OG�÷��JLEL�HOHNWURW�YH� Lú�SDUoDVÕ�DUDVÕQGDNL�HQ�\DNÕQ�QRNWDGD�
elektriksel alan maksimum düzeydedir. VoltDM� DUWPDNWD� DQFDN� DNÕPÕQ� VÕIÕU� ROGX÷X�
görülmektedir. 
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ùHNLO�,,.1 TaODú�.DOGÕUPD�6�UHFLQGH����$úDPD 

 

���$úDPD 

 

ùDUM� HGLOHQ� DWRPODUÕQ� VD\ÕVÕ� DUWDUNHQ�� GLHOHNWULN� VÕYÕQÕQ� L]RODV\RQ� |]HOOL÷L�
HOHNWULN� DODQÕQÕQ� HQ� J�oO�� ROGX÷X� \HUGH� GDU� ELU� NDQDO� ER\XQFD� D]DOPD\D� EDúODU��
9ROWDM�HQ�\�NVHN�G�]H\H�XODúÕU�IDNDW�DNÕP�KDOD�VÕIÕUGÕU� 

 

 

ùHNLO�,,. 2 TaODú�.DOGÕUPD�6�UHFLQGH����$úDPD 
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���$úDPD 

 

$NÕP� VÕYÕQÕQ� \DOÕWNDQOÕN� |]HOOL÷LQL� \RN� HGHU�� NÕYÕOFÕP� oDNDU� YH� YROWDM�
D]DOPD\D�EDúODU� 
 

 

ùHNLO�,,����7DODú�.DOGÕUPD�6�recinGH����$úDPD 

 

���$úDPD 

 

$NÕP� DUWDUNHQ�� KÕ]OÕ� ELU� ÕVÕ� DUWÕúÕ� PH\GDQD� JHOLU� YH� YROWDM� G�úPH\H� GHYDP�
HGHU�� 2OXúDQ� \�NVHN� VÕFDNOÕN� VÕYÕQÕQ�� Lú� SDUoDVÕQÕQ� YH� HOHNWURWXQ� ELU� NÕVPÕQÕ�
EXKDUODúWÕUÕU��(OHNWURW�LOH�Lú�SDUoDVÕ�DUDVÕQGD�ELU�ERúDOÕP�NDQDOÕ�ROXúPD\D�EDúODr. 
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ùHNLO�,,. 4 TaODú�.DOGÕUPD�6�UHFLQGH����$úDPD 

 

��$úDPD 

 

$NÕP� ERúDOPDVÕ\OD� ROXúDQ� VÕFDNOÕ÷ÕQ� WHVLUL� LOH� ELU� EXKDU� EDORQX� GÕúD� GR÷UX�
JHQOHúPH\H� oDOÕúÕU�� )DNDW� GLHOHNWULN� VÕYÕVÕQÕQ� EDVNÕVÕ\OD� YH� ERúDOÕP� NDQDOÕQD� GR÷UX�
L\RQODUÕQ� EDVNÕVÕ\OD� VÕQÕUODQÕU�� %X� L\RQODU�� ROXúDQ� ROGXNoD� \R÷XQ� PDQ\HWLN� DODQ�
LoHULVLQH�oHNLOLUOHU��$NÕP�\�NVHOPH\H�GHYDP�HGHU�YROWDM�LVH�G�úHU� 

 

 

 

ùHNLO�,,���7aODú�.DOGÕUPD�6�UHFLQGH���$úDPD 
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���$úDPD 

 

³3XOV� 2Q´� V�UHVLQLQ� VRQXQD� GR÷UX� DNÕP� YH� YROWDM� GHQJHOHQLU�� %DORQXQ�
LoHULVLQGH�VÕFDNOÕN�YH�EDVÕQo�PDNVLPXP�G�]H\H�XODúÕU�YH�ELU�PLNWDU�PHWDO�NDOGÕUÕOÕU��
0HWDO�� ERúDOÕP� NDQDOÕ� DOWÕQGD� HUJLPLú� KDOGHGLU� DQFDN� EXKDU� EDORQXQXQ� WHVLUL� LOH�
\HULQGH� WXWXOPDNWDGÕU��%RúDOÕP� NDQDOÕ� EX� DúDPDGD� \R÷XQ� ELU� DNÕP� LOH� EXKDUODúPÕú�
GLHOHNWULN�VÕYÕVÕ�YH�PHWDOGHQ�ROXúDQ�\�NVHN�VÕFDNOÕ÷D�VDKLS�SOD]PDGDQ�LEDUHWWLU� 

 

 

 

ùHNLO�,,. 6 TaODú�.DOGÕUPD�6�UHFLQGH����$úDPD 

 

���$úDPD 

 

OII�V�UHVLQLQ�EDúODQJÕFÕQGD�DNÕP�YH�YROWDM�VÕIÕUD�G�úHU��EXKDU�EDORQX�V|QHU�YH 

Lú SDUoDVÕQGDQ�HUJLPLú�RODQ�PHWDO�DWÕOÕU� 
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ùHNLO�,,����7DODú�.DOGÕUPD�6�UHFLQGH����$úDPD 

 

���$úDPD 

 

'LHOHNWULN� VÕYÕ� NÕYÕOFÕP� E|OJHVLQH� K�FXP� HGHUHN� Lú� SDUoDVÕQGDQ� D\UÕODQ�
SDUoDFÕ÷Õ��HOHNWURWX�YH�Lú�SDUoDVÕQÕ�VR÷XWXU� 

 

 

ùHNLO�,,. 8 TaODú�.DOGÕUPD�6�UHFLQGH����$úDPD 
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���$úDPD 

 

øú�SDUoDVÕQGDQ�D\UÕODQ�PHWDO��GLHOHNULN�VÕYÕ�LoHULVLQGH�N�o�N�N�UHOHU�úHNOLQGH�
NDWÕODúÕU��%LU�PLNWDU�EXKDU�\�]H\H�\�NVHOLU� Çevrimin sonunda, yeterli bir Off süresi 

LOH� NDOÕQWÕODUÕQ� DUD� E|OJHGHQ� X]DNODúWÕUÕOPDVÕ� VD÷ODQÕU�� %|\OHFH� Lú� SDUoDVÕQGD� YH�
elektrotta hasar�DoDELOHFHN�DUNODU�|QOHQPLú�ROXr. 

 

 

ùHNLO�,,. 9 TaODú�.DOGÕUPD�6�UHFLQGH����$úDPD 

 

II.1.2.�%DúOÕFD�(OHNWUR�(UR]\RQ�dHúLWOHUL 
 

<�NVHN� WDPOÕNWD� PHWDO� LúOHPH� \HWHQH÷LQH� VDKLS� RODQ� YH� oHúLWOL� VDQD\L�
X\JXODPDODUÕQGD� PHYFXW� RODQ� ED]Õ� IDUNOÕ� (UR]\RQ� oHúLWOHULQL� DúD÷ÕGDNL� úHNLOGH�
VÕUDODQDELOLU. 

 

II.1.2.1. Elektro Erozyon (Electrical Discharge Machining) EDM 

 

('0�� WHUPDO� HQHUML� NXOODQDUDN� HOHNWULNVHO� ERúDOÕPODUOD� SDUoD\Õ� LúOH\HQ� ELU�
\|QWHPGLU�� %X� \|QWHPGH� \�NVHN� WDPOÕNODUGD� Lú� SDUoDVÕ� HOGH� HGLOHELOLU�� ('0�
\|QWHPL\OH�ELU�LQVDQ�VDoÕQÕQ�oDSÕQGDQ�GDKD�N�o�N�GHOLNOHU�ELOH�LúOHQHELOPHNWHGLU��%X�
\|QWHPGH� Lú� SDUoDVÕ� HOHNWULN� LOHWNHQOL÷LQH� VDKLS� ROPDOÕGÕU� YH� ELU� GLHOHNWULN� VÕYÕ�
RUWDPÕQD�GDOGÕUÕOPDOÕGÕU��'DOPD�(UR]\RQ�\|QWHPLQGH� WDNÕP�HOHNWURWX�� Lú�SDUoDVÕQÕQ�
\�]H\LQH�EDVWÕUÕODUDN�LúOHP�\DSÕOPDNWDGÕU� 
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TasaUÕP� YH� X\JXODPD� DODQODUÕ� RODUDN� KHU� ELU� (UR]\RQ� \|QWHPL� ELUELULQGHQ�
IDUNOÕ�ROVDODU�GD��WDODú�NDOGÕUPD�PDQWÕ÷Õ�RODUDN�KHSVLQGH�HOHNWUR�ERúDOÕPODUOD�LúOHPH�
úHNOL� VWDQGDUWWÕU�� ('0� VLVWHPOHUL�� µDiye-Sinking’ yani Dalma Erozyon ve ‘Wire 

EDM’ (Tel Erozyonu) olmaN��]HUH�LNL�WHPHO�DODQD�D\UÕOÕU�'DOPD�(UR]\RQ�\|QWHPL��
D\QÕ�]DPDQGD�³6LQNHU´��'DOPD��YH�³9HUWLFDO´�('0��'LN�øúOHP�(UR]\RQ��RODUDN�GD�
DGODQGÕUÕOPDNWDGÕU. 
 

II.1.2.2. Tel Erozyon (Wire Electrical Discharge Machining) WEDM 

 

%X� \|QWHP�� Lú� SDUoDVÕ� ER\XQFD� Oineer olarak hareket eden bir tel elektrotu 

\DUGÕPÕ\OD��HOHNWULNVHO�ERúDOÕPODUOD�NHVPH�LúOHPLGLU��7HO�HUR]\RQX�\|QWHPLQGH�DU]X�
HGLOLU�G�]H\GH�Lú�SDUoDVÕQÕQ�LPDODWÕ� LoLQ�WHO�HOHNWURWX�LOH�Lú�SDUoDVÕ�DUDVÕQGDNL�NHVPH�
úDUWODUÕ�|QFHGHQ�KD]ÕUODQPÕú�ELU�&1&�SURJUDPÕ\la kontrol edilmektedir. 

 

:('0�� \D\JÕQ� RODUDN� NDOÕS� YH� NDOÕS� SDUoDODUÕQÕQ� \DQÕ� VÕUD� PRGHOOHQPLú�
FHSOHUL�LPDODWÕ�YH�ELUoRN�GH÷LúLN�VDQD\L�X\JXODPDODUÕQGD�NXOODQÕOPDNWDGÕU� 
 

II.1.2.3. Freze Erozyon (Electrical Discharge Milling) 

 

Bu yeni yöntem, bir freze çaNÕVÕ� JLEL� NHQGL� HNVHQL� HWUDIÕQGD� G|QHQ� ELU�
VLOLQGLULN� HOHNWURW� \DUGÕPÕ\OD� HOHNWUR� ERúDOÕPODUOD� úHNLO� YHUPH� LúOHPLGLU�� 'LúL� NDOÕS�
LPDODWÕQGD��LVWHQHQ�GHULQOLN�YHULOPHN�VXUHWL\OH�NDOÕS�oHUoHYHVL�YH�Lo�NÕVÕP�NROD\OÕNOD�
LúOHQHELOLU�� 7DODú� NDOGÕUPD� úHNOL� ('0� \Dni Dalma Erozyona benzerdir. Freze 

(UR]\RQGD� VWDQGDUW� VLOLQGLULN� HOHNWURWODU� NXOODQÕODUDN�� NDUPDúÕN� HOHNWURW� WLSOHULQLQ�
LPDODWODUÕ�YH�PDOL\HWOHUL�D]DOWÕOPÕúWÕU� 
 

 

II.1.2.4. 7DúODPD�(UR]\RQ��(OHFWULFDO�'LVFKDUJH�*ULQGLQJ��('* 

 

Dönel Erozyon olarak da bilineQ�EX�(UR]\RQ�\|QWHPLQGH��DEUDVLY�WDúODPD�WDúÕ�
HOHNWULN�LOHWNHQOL÷L�RODQ�ELU�WHNHUOHN��WDNÕP�HOHNWURWX�RODUDN�NXOODQÕOPDNWDGÕU��7DúODPD�
\|QWHPLQH� EHQ]HU� úHNLOGH� HOHNWUR� ERúDOÕPODUOD� Lú� SDUoDVÕ� úHNLOOHQLU�� %X� \|QWHP��
NDUSLWLOHU� YH� oHúLWOL� HOPDV� IRUPODUÕ� JLEL� NHVLFL� WDNÕPODUÕQ� ELOHQPHVLQGH� WHUFLK�
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HGLOPHNWHGLU�� %X� \ROOD� HOPDV� WDúODUÕQ� LPDODWÕQGDNL� IL\DW� RUDQÕ� GD� D]DOWÕOPDNWDGÕU��
('*�\|QWHPL�8�6��YH�$YUXSD��ONHOHULQGH�GDKD�oRN�\D\JÕQODúPÕúWÕU� 
 

II.1.2.5. Ultrasonik Destekli Erozyon (Ultrasonic Aided EDM) UEDM 

 

BX� \|QWHP�� XOWUDVRQLN� IUHNDQVODUOD� WLWUH\HQ� ELU� WDNÕP� HOHNWURWX� NXOODQÕODUDN�
HOHNWULNVHO� ERúDOÕPODUOD� WDODú� NDOGÕUPD� \|QWHPLGLU�� 8OWUDVRQLN� WLWUHúLP�� N�o�N� \DGD�
PLNUR� G�]H\GHNL� GHOLNOHULQ� GHOLQPHVLQGH� P�NHPPHO� ELU� LúOHPH� NDUDUOÕOÕ÷Õ� YH�
V�UHNOLOL÷L�VD÷ODU� 
 

II.1.2.6. Mikro Elektro Erozyon (Electro Discharge Machining) MEDM 

 

0LNUR� ('0��'DOPD� (UR]\RQXQXQ� N�o�N� ELU� úHNOL� RODUDN� HOH� DOÕQDELOLU�� %X�
\|QWHPGH� WDNÕP� HOHNWURWX� ������� USP� NDGDU� G|QG�U�OHUHN� 9� NDQDOODUÕ� NROD\OÕNOD�
LúOHQHELOLU�� ��PLNURQGDQ�GDKD�N�o�N�HOHNWURW�oDSODUÕ�PHYFXWWXU��)DUNOÕ� úHNLOOHULQ�YH�
PLNUR� GHOLNOHULQ� LúOHQPHVLQGH� NXOODQÕOÕU�� (OHNWURWODU� 7HO� (UR]\RQX� RODUDN� ELOLQHQ�
\|QWHPLQ� DNVLQH� ]ÕW� NXWXSOX� RODUDN� \DSÕOPÕúODUGÕU�� (Q� \D\JÕQ� RODQ�0LNUR� (UR]\RQ�
HOHNWURWODUÕ�����P��LOH������P�DUDVÕQGD�GH÷LúPHNtedir. Mikro Erozyonun en önemli 

�UHWLP� DODQODUÕQGDQ� ELU� WDQHVL� GH� ;-Y-Z eksenlerinde hareket eden bir CNC 

SURJUDPÕ\OD� �� �P� WROHUDQVOÕ� SDUoDODUÕ� LPDO� HWPHNWLU�� 0LNUR� ('0� � �� �� - 2 µm 

WROHUDQVÕQGD�����P�LOH������P�DUDVÕQGDNL�GHOLNOHUL�GHOHELOPHNWHGLU��%X�LúOemin çok 

N�o�N�YH�KDVVDV�ROPDVÕ�QHGHQL\OH��0('0�X\JXODPDODUÕ�PLNURVNRSOD�LQFHOHQHELOLU� 
 

II.1.2.7. Mikro Tel Erozyonu 

 

%X�\|QWHPGH�oDSÕ����P�NDGDU�RODQ�ELU� WXQJVWHQ� WHO�HOHNWURWX�NXOODQÕOÕU��%X�
sistemle ölçüleri 0.1 -� �� PP� DUDVÕQGD� GH÷LúHQ� LQFH� SODNDODU� Lúlenmektedir. Bu 

PDNLQHOHU� ROGXNoD� G�ú�N� HQHUML� VHYL\HOHULQGH� NRQWURO� HGLOHELOHQ� ELU� J|U�QW�OHPH�
(monitör) sistemi, enerji jeneratörü ve hareket eden bir tel elektrotundan ibarettir. 

 

 

 

 

 



 12 

II.1.2.8. Oyma Erozyon (Mole EDM) 

 

%X�\|QWHP� Lú�SDUoDVÕQÕQ� LoLQH�GR÷Uu� LOHUOH\HQ�ELU�GHOLN�\DGD�ELU� H÷UL�RODUDN�
WDQÕPODQPÕú�ELU�\ROGD�LúOHP�\DSDELOPH�\HWHQH÷LQH�VDKLS�ELU�VLVWHPGLU��6LVWHP��VDQNL�
\HUH� ELU� W�QHO� ND]DUFDVÕQD�� SDUoD\Õ� LúOH\HELOGL÷LQGHQ� ROGXNoD� RUMLQDOGLU�� 2\PD�
(UR]\RQ� WH]JDKÕQGD�NXOODQÕODQ�HOHNWURWXQ�úHNOL�H÷LOHELOHQ�ELU�oXEXN�JLELGLU�YH�úHNLO�
KDIÕ]D�DODúÕPOÕ�PDO]HPH�NXOODQÕOPÕúWÕU��%X�\|QWHPGH�PDNLQH�HGLOHFHN� W�QHOLQ� úHNOL�
XOWUDVRQLN� ELU� GDOJD\OD� WDUDQÕU�� %X� VLVWHP� -DSRQ\D¶GD� EXOXQDQ� 7RN\R�hQLYHUVLWHVL��
Mühendislik Fakültesi, Mitsubushi elektrik labRUDWXDUODUÕQGD�JHOLúWLULOPLúWLU�[1] 

 

II.1.���7DODú�.DOGÕUPD�7HRULOHUL 
 

(OHNWULNVHO� GHúDUM� LúOHPLQGH� WDODú� NDOGÕUPD� LNL� HOHNWURW� DUDVÕQGD� ROXúDQ�
HOHNWULNVHO� DUNODUÕQ� HUR]\RQ� HWNLVL� �]HULQH� NXUXOPXúWXU�� (UR]\RQ� DUNÕQÕQ� NDUPDúÕN�
ROD\ÕQÕ�DoÕNODPDN�LoLQ�ELUNDo�WHRUL�JHOLúWLULOPLúWLU��%X�WHRULOHU� 

 

a) Elektro - mekanik teori 

b) Termo – mekanik teori 

c) Termo – elektrik teoridir. 

 

II.1.3.1. Elektro - Mekanik Teori 

 

 %X� WHRUL�� WDODú� SDUoDFÕNODUÕQÕQ� DEUDV\RQX� \R÷XQODúWÕUÕOPÕú� HOHNWULN� DODQÕQÕQ�
VRQXFXQGD� ROXúXU�� 7HRUL�� PDO]HPH� G�]OHPLQGe kohezyon kuvvetleri artarken, 

HOHNWULN��Lú SDUoDVÕQÕQ�WDODú�SDUoDFÕNODUÕQÕ�SDUoDODQPDVÕQÕ�|QJ|U�U��'HQH\VHO�NDQÕW�EX 

teori için yeterli destekten yoksundur. 

 

II.1.3.2. Termo - Mekanik Teori 

 

 %X� WHRUL�� ('0� �(UHFWULFDO� 'LVFKDUGH�0DFKLQH�� LúOHPOHULQGH� WDODú� NDOGÕUPD�
NÕYÕOFÕP� MHWOHULQGHQ� ND\QDNODQDQ� WDODú� HULWLOPHVL� �]HULQHGLU�� .ÕYÕOFÕP� MHWOHUL� RODUDN�
DGODQGÕUÕODQ�EXQODU��GHMDUMÕQ�IDUNOÕ�HOHNWULNVHO�VRQXFX�ROXúXU��$QFDN��EX�WHRUL�GHQH\VHO�
YHULOHUOH� X\XúPDPDNWD� YH� NÕYÕOFÕP� HUR]\RQXQ� HWNLVLQLQ� PDQWÕNOÕ� DoÕNODPDVÕQÕ�
verememektedir. 
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II.1.3.3. Termo - Elektrik Teori 

 

 'HQH\VHO�NDQÕWODUOD�GHVWHNOHQPLú�EX�WHRUL��('0�LúOHPOHULQGH�WDODú�NDOGÕUPD��
\�NVHN�\R÷XQOXNOX�GHúDUM�DNÕP�WDUDIÕQGDQ��UHWLOHQ�\�NVHN�ÕVÕQÕQ��UHWLPL�VRQXFXQGD�
ROXúXU�� %X� WHRUL� L\L� GHVWHNOHQPHVLQH� NDUúÕQ� LIDGHGHNL� ]RUOXNODU� \�]�QGHQ� WDP� YH�
NHVLQ�VD\ÕOPD]�>�@� 
 

II.2��7(/�(52=<21�<g17(0ø 
 

7HO�HUR]\RQ��JHOHQHNVHO�HOHNWULN�HUR]\RQOD�LúOHPHQLQ��('0��|]HO�ELU�úHNOLGLU� 
7HO�HUR]\RQGD�NHVPH�LúOHPLQH�EDúODPDN�LoLQ�KHP�WHOLQ�KHP�GH�Lú�SDUoDVÕQÕQ��HOHNWUL÷L�
\DOÕWkDQ� ELU� VÕYÕ� LoHULVLQH� \HUOHúWLULOPHVL� JHUHNOLGLU�� øú� SDUoDVÕ� YH� WHO� DUDVÕQGD� ELU�
HOHNWULNVHO� ERúDOÕP� VD÷ODPDN� LoLQ� E�\�N� ELU� YROWDM� DUDOÕN� ER\XQFD� X\JXODQPDOÕGÕU��
8\JXODQDQ�EX�YROWDM�úX�NULWHUOHUH�ED÷OÕGÕU� 

 

D��øú�SDUoDVÕ�YH�WHO�DUDVÕQGDNL�PHVDIH 

 

b) DieleNWULN�VÕYÕVÕQÕQ�\DOÕWPD��\DOÕWÕP��NDSDVLWHVL 
 

F��$UDOÕN��ERúOXN��NLUOLOL÷L 
 

(OHNWURW�YH�Lú�SDUoDVÕQGDQ�PH\GDQD�JHOHQ�LNL�PHWDOH�JHULOLP�X\JXODQPDVÕ�]ÕW�
NXWXSODUÕ�ROXúWXUXU��*�oO��]ÕW�NXWXSODUÕQ�HWNLVL�LOH�SR]LWLI�YH�QHJDWLI�\�NO��L\RQODU�oRN�
NÕVD� V�UHGH� \�NVHN� KÕ]OD� KDUHNHW� HWPH\H� EDúODUODU. Bunun sonucu olarak metaller 

DUDVÕQGDNL� HQ� \DNÕQ� PHVDIH� QRNWDVÕQGD�� HOHNWULN� DNÕPÕQÕQ� JHoHFH÷L� ELU� DUD� NDQDO�
ROXúXU�� %LU� ERúDOÕP�� HQ� \�NVHN� HOHNWULNVHO� VHYL\H� SR]LV\RQXQGD� \HU� DOÕU�� %D]Õ�
X\JXODPDODUGD� NÕYÕOFÕP� VD\ÕVÕ� �������� NDGDU� XODúÕU�� ø]OH\HQ� DúDPDGD� JHUoHNOHúHQ�
GHúDUM� ROD\Õ�� DNÕP� JHoLú� QRNWDODUÕQGD� �����–� ������� �&� DUDVÕQGD� \�NVHN� ELU� ÕVÕQÕQ�
RUWD\D� oÕNPDVÕQD� \RO� DoDU��<�NVHN� ÕVÕ�� KHU� LNL�PHWDO� \�]H\LQGH� EHOLUJLQ� ELU�PLNWDU�
bölgeyi sürekli olarak eritir. Ancak unutulPDPDOÕGÕU�NL�HOHNWULN�GLUHQFL�\�NVHN�RODQ�
PDWHU\DO� GDKD� ID]OD� ÕVÕ� HWNLVLQH� PDUX]� NDODUDN� D\QÕ� RUDQGD� ID]OD� DúÕQPD\D�
X÷UD\DFDNWÕU�� (UL\HUHN� NRSDQ� SDUoDFÕNODU�� DNÕPÕQ� NHVLOPHVL� LOH� KÕ]OD� VR÷XPDNWDGÕU��
%X� DúDPDGD� VR÷XWPD� HWNLVLQL� GHVWHNOH\HQ� GLHOHNWULN� VÕYÕ�� D\QÕ� ]DPDQGD� PHWDO�
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SDUWLN�OOHULQ� NHVLP� RUWDPÕQGDQ� X]DNODúWÕUÕOPDVÕ� J|UHYLQL� GH� �VWOHQPHNWHGLU��
'LHOHNWULN�VÕYÕ\D�NDUÕúDQ�SDUWLN�OOHUGHQ�o|NHOPH\HQ�E|O�P�� LVH�DUWÕN�PDGGH�RODUDN�
ILOWUH� DUDFÕOÕ÷Õ� LOH� DUÕWÕOÕU�� 6�UHNOL� RODUDN� WHNUDUODQDQ� EX� ROD\ODU� ]LQFLUL�� Palzeme 

NHVLPL�LúOHPLQL�\HULQH�JHWLUPHNWHGLU�ùHNLO�,,������ 
 

 

 

 

ùHNLO�,,���� WEDM’QLQ�ùHPDWLN�*|U�Q�ú� 
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&1&� WHO� HUR]\RQ� LOH� \DSÕODQ� NHVLP� VÕUDVÕQGD� WHO� YH� Lú� SDUoDVÕQÕQ� DúÕQPD�
RUDQODUÕ�HúLW� YH�VLPHWULN�GH÷LOGLU��%X�GXUXP� WHUPDO� LOHWNHQOLN��PDteryallerin ergime 

VÕFDNOÕNODUÕ��HOHNWULNVHO�GHúDUM�\R÷XQOX÷X�� WHO�EHVOHPH�RUDQÕ�YH�|]HOOLNOH�NXWXSODúPD�
JLEL�HWNHQOHUH�ED÷OÕ�RODUDN�NDUPDúÕN�ELU�LOLúNLOHU�]LQFLUL�RODUDN�WDQÕPODQDELOLU� 

 

7HO� HUR]\RQ� LOH� JHUoHNOHúHQ� L\L� ELU� NHVLP� LúOHPL�� WHPHO� RODUDN� DúD÷ÕGDNL�
özelliklere ihtiyaç duyar, 

 

D��(OHNWURW��Lú�SDUoDVÕQD�RUDQOD��\�NVHN�LOHWNHQOL÷H�VDKLS�ROPDOÕGÕU� 
 

E��øú�SDUoDVÕ�HOHNWULN�LOHWNHQOLN�|]HOOL÷L�WDúÕPDOÕGÕU��$\UÕFD�PDO]HPHQLQ�FLQVL��
LOHWNHQOLN�GHUHFHVL�YH�NHVPH�\�NVHNOL÷L�NHVLP�LúOHPLQL�HWNLOH\HQ�IDNW|UOHUGHQGLU� 

 

H�� 'LHOHNWULN� VÕYÕ� �VDI� VX�� \HWHUOL� \DOÕWNDQOÕN� GHUHFHVLQH� VDKLS� ROPDOÕ� YH�
18°C¶GH��LGHDO��NRUXQPDOÕGÕU� 

 

G��2UWDP�VÕFDNOÕ÷Õ����&�YH�QHP�RUDQÕ�����ROPDOÕGÕU� 
 

$\UÕFD�EXQODUD� HN� RODUDN� DNÕP� MHQHUDW|U�Q�Q�J�F��� NDUDUOÕOÕ÷Õ� YH� L\RQODúPD�
etkisine adaptasyonu kHVPH� LúOHPLQLQ� YHULPL� LOH� GR÷UXGDQ� LOLúNLOLGLU�� :('M 

X\JXODPDODUÕQGD�� J�Q�P�]GH� SURJUDPODPD� GLOOHULQLQ� oHúLWOL� YHUVL\RQODUÕ�
NXOODQÕOPDNWDGÕU��%X�úHNLOGH�GDKD�D]�NDOLIL\H�HOHPDQD�LKWL\Do�GX\XODUDN�YH�PLQLPXP�
KDWD� WROHUDQVODUÕQGD� úHNLO� JHRPHWULOHUL� HOGH� HGLOPHNWHGLU�� .XOODQÕODQ� EX� GLOGH��
RSHUDW|UH� \DUGÕPFÕ� ROPDN� DPDFÕ\OD�� Lú� SDUoDVÕ� WDQÕPODQÕUNHQ� GL\DORJOX� YHUL� JLULúL�
\|QWHPL� X\JXODQPDNWDGÕU�� 0DWHPDWLNVHO� KHVDSODPDODU� oRN� NÕVD� V�UHGH�
JHUoHNOHúWL÷LQGHQ� PDQXHO� KHVDSODPDODUGD� JHoHQ� ID]OD� ]DPDQ� RUWDGDQ�
NDOGÕUÕOPDNWDGÕU� 

 

;� YH�<� HNVHQOHULQGH� KDUHNHW� HGHELOHQ� YH� GLHOHNWULN� VÕYÕ� LOH� GROGXUXOPXú� Lú�
WDQNÕ�LoLQ�|QFHOLNOH�ELU�oDOÕúPD�DODQÕ�EHOLUOHQPHNWHGLU��'DKD�VRQUD�EHOLUOHQHQ�EX�DODQ�
GDKLOLQGH� ELU� GRV\D� DGÕ� DOWÕQGD� SURJUDPODQDFDN� Lú� SDUoDVÕ�� WDQÕPOÕ� JHRPHWULOHUH�
bölünür. Her bir geometri için bir numara verilerek profil belirlenir ve telin 

L]OH\HFH÷L� NHVPH� \ROX� oL]LOLU�� 'DKD� VRQUD� LúOHP� úDUWODUÕQD� X\JXQ� RODUDN� WHO� oDSÕ��
PDO]HPH�FLQVL�� GLHOHNWULN� VÕYÕVÕQÕQ� W�U�� YH�GL÷HU� NHVPH�SDUDPHWUHOHUL� EHOLUOHQLU��(Q�
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|QHPOLVL�� LúOHPGHQ� |QFH� KDWDODUÕ� J|UPHN�P�PN�QG�U�� $\QÕ� SURJUDPGD�� PDWULV� YH�
]ÕPEDQÕQ�LPDODWÕ�JHUoHNOHúWLULOHELOLU��7HO�RIVHW�GH÷HUOHUL��PDWULV�YH�]ÕPED�DUDVÕQGDNL�
NDOÕS� ERúOX÷X� LoLQ� NXOODQÕOÕU�� 6RQ� ]DPDQODUGD� ELOJLVD\DU� GHVWHNOL� PRGHOOHQPLú�
parçalar için CNC paket progrDPODUÕ�GD�NXOODQÕOPDNWDGÕU� 

 

*HQHOOLNOH� NXOODQÕODQ� WHO� oDSODUÕ� ����� LOH� ���� PP� DUDVÕQGDGÕU�� øú� WDEODVÕQÕQ�
\DWD\� KDUHNHWL� &1&� YDVÕWDVÕ\OD� NRQWURO� HGLOLU�� 3DUoD\Õ� LúOHPHN� LoLQ� KD]ÕUODQDQ�
SURJUDP� LNL� DúDPDGDQ� PH\GDQD� JHOPHNWHGLU�� 3URJUDPÕQ� ELULQFL� DúDPDVÕQGD�� Lú�
SDUoDVÕQÕQ� JHRPHWULN� úHNOL� EHOLUOL� RUDQODUOD� VÕQÕUODQPÕú� ELU� NRRUGLQDW� G�]OHPL�
LoHULVLQGH�� úHNLOGHNL� KHU� ELU� HOHPDQD� QRNWD�� GDLUH�� oL]JL� QXPDUDODUÕ� YHULOHUHN�
oL]LOPHNWH�� LNLQFL� DúDPDGD� LVH� NHVPH� \ROX� \DUGÕPÕ\OD� HVDV� úHNLO� EHOLUOHQPHNWHGLU��
.HVPH� LúOHPL� EDúODWÕOGÕ÷ÕQGD� WHO�� NHVPH� \ROXQX� L]OH\HUHN� NHVPH� LúOHPLQL�
WDPDPODPDNWDGÕr. 

 

7HO� HUR]\RQ� LOH� JHUoHNOHúWLULOHQ� NHVPH� LúOHPLQGH�� \�NVHN� ÕVÕ� LOH� HULWLOHUHN�
DúÕQGÕUÕODQ�\�]H\OHUGH��PLNURQ�PHUWHEHVLQGH�J|]HQHNOHU�ROXúPDNWDGÕU��+DWWD�GHWD\OÕ�
RODUDN� LQFHOHQGL÷LQGH� J|]HQHNOHU� DUDVÕQGD� oDWODNODUÕQ� ROXúWX÷X� J|U�OHELOLU�� %XQXQ�
QHGHQL��KHS�D\QL�\|QGH�JHUoHNOHúHQ�L\RQODúPD�VRQXFXQGD�RUWD\D�oÕNDQ�HOHNWUROL]�YH�
elektro-kimyasal korozyon etkileridir. Meydana gelen yüzey deformasyonu, erken 

DúÕQGÕUPD�YH�YH\D�NÕUÕOPDODUD�\RO�DoDUDN�Lú�SDUoDVÕ�|PU�Q��NÕVDOWPDNWDGÕU��øPDODWoÕ�
DoÕVÕQGDQ�LVH�JL]OL�PDOL\HW�DUWÕúÕ�RODUDN�\RUXPODQDELOLU� 

 

:('0¶QLQ� DUD� NÕVÕPODUÕ�� WHO�� Lú� WDEODVÕ�� NRQWURO� �QLWHVL�� J�o� ND\QD÷Õ� YH�
GLHOHNWULN� ND\QD÷ÕGÕU�� 6D\ÕVDO� NRQWURO� �1&�� VLVWHPOL� ELU� HOHNWULN� GHYUHVL�� WHO� oDSÕ�
G�]HOWPH� �ZLUH� GLDPHWHU� FRUUHFWLRQ��� DUGÕúÕN� NHVPH� LúOHPOHUL� YV�� JLEL� IRQNVL\RQODUÕ�
\DSDELOLU�� 7HO� LOHUOHPH� KÕ]Õ�� WDEOD� KDUHNHWL�� GLHOHNWULN� VLUN�ODV\RQX� YH� J�o� JLEL�
IRQNVL\RQODUÕQ� W�P�� NODY\H� YDVÕWDVÕ\OD� NRQWURO� HGLOHELOLU�� 6HUYR� VLVWHP� 1&� WDNÕP�
WH]JDKODUÕQÕQ� V�U�F�� VLVWHPLGLU� YH� JHQHOOLNOH� ELU� HOHNWULN� V�U�F��PRWRUX� LOH� oDOÕúÕU��
&1&�SHN� oRN�PDNLQHQLQ� oRN� \|QO�O�÷�� LoLQ� E�\�N�RUDQGD� HWNL� HGHU� KLo� NXúNXVX]�
yHQL�:('0¶�OHUGH�GH�VWDQGDUWWÕU [3]. 

 

*HQHOOLNOH�NHVPH�LúOHPLQH�EDúODPDN�LoLQ�EDúODQJÕo�GHOLNOHUL�JHUHNOLGLU��(÷HU�
úHNOLQ�Lo�WDUDIÕ�LúOHQHFHN�LVH�EDúODQJÕo�GHOL÷L�Lú�SDUoDVÕQÕQ�GÕúÕQD�DoÕOÕU��%XQXQ�DNVLQH�
úHNOLQ�GÕú�\�]H\L�LúOHQHFHN�LVH�EDúODQJÕo�GHOL÷L�Lú�SarçDVÕQÕQ�LoLQH�DoÕOÕU��ùHNLO�,,���). 
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ùHNLO�,,�����%DúODQJÕo�'HOL÷LQLQ�3ozisyonu 
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II.2.1.  WEDM’nin Tarihçesi 

 

øQJLOL]� )L]LNoL� 3ULHVWO\� HOHNWULN� DQDKWDUODUÕQGD� PH\GDQD� JHOHQ� NRQWDN�
DúÕQPDVÕ\OD�LOJLOL�oDOPDVÕQGD�NRQWDN�DúÕQPDVÕQÕQ�HOHNWULN�DNÕPÕ�LOH�GR÷UXGDQ�LOLúNLVL�
ROGX÷XQX�J|]OHPOHPLú��<DSWÕ÷Õ�GHQH\OHU�VRQXFXQGD�EX�ROD\ÕQ�DNÕP�úLGGHWL�YH�PHWDO�
|]HOOL÷LQH� ED÷OÕ� RODUDN�JHUoHNOHúHQ�ELU� DúÕQPD�ROGX÷XQX� WHVSLW� HWPLúWLU�� EX� oDOÕúPD 
HUR]\RQ�WHNQRORMLVLQLQ�WHPHOOHULQL�DWPÕúWÕU�� øOHUL� WDULKOHUGH� LVH�NDúLI�YH�6RY\HW�ELOLP�
DGDPÕ� RODQ�%RULV� /D]DUHQNR� HOHNWULNVHO� DúÕQPD� ROD\ÕQÕ� NRQWURO� DOWÕQD� DODUDN� \DSÕFÕ�
RODUDN� NXOODQDELOPH� G�ú�QFHVLQL� JHOLúWLUPLúWLU�� %X� DODQGDNL� oDOÕúPDODU� VRQXFXQGD�
����� \ÕOÕQGD�� HOHNWULNVHO� GHúDUM� \ROX� LOH�PHWDO� LúOH\HQ�PDNLQH Electrical Discharge 

Machine -�('0�NDYUDPÕ�GR÷PXúWXU� 
 

Boris Lazarenko,�PHWDO� LúOHPHVLQGH�HOHNWULNVHO�NÕYÕOFÕP�PHWRGXQX�JHOLúWLUHQ�
LON� NLúLOHU� ROPDODUÕQD� UD÷PHQ� HOHNWUR� ERúDOÕPODUOD� PDNLQHFLOL÷LQ� WHPHO� WHNQRORMLVL�
G|UW� øVYLoUHOL� WDUDIÕQGDQ� DWÕOPÕúWÕU�� øVYHoOL� DUNDGDúODU� NHQGL� NHúLIOHULQLQ� HQG�VWUL\HO�
potansiyelini fark ettiklerinden, bu teknoloji içLQ� ELU� JDUDM� LoHULVLQGH� ELUNDo� \ÕO�
oDOÕúPD�\DSWÕODU�������\ÕOÕQGD�øVYLoUHOL�ELOLP�DGDPODUÕ�oDOÕúPD�\DSWÕNODUÕ�oRN�DPDW|U�
YH� N�o�N� RODQ� JDUDM� DW|O\HOHULQL� DúÕS� $JLH� &RUS�� ùLUNHWLQL� NXUGXODU�� ����� \ÕOÕQGD�
:('0��NXUXODQ�EX�úLUNHW�WDUDIÕQGDQ�G�Q\D\D�WDQÕWÕOGÕ�[4] 

 

 øNLQFL� G�Q\D� VDYDúÕQGDQ� VRQUDNL� LON� \ÕOODUGD�� Lú� SDUoDVÕQGD� ROGX÷X� JLEL�
HOHNWURW� PDO]HPHVLQGH� GH� DúÕQPD� JHUoHNOHúPHNWH\GL�� (OOH� EHVOHPH� PHNDQL]PDVÕ�
\�]�QGHQ�� NÕYÕOFÕPGDQ� ]L\DGH� V�UHNOL� DUN� ROXúXPX� PH\GDQD� JHOPHNWH\GL�� ����¶OL�
\ÕOODUÕQ� EDúODUÕQGD� PLFUoprocessor’ODUÕQ� � EXOXQPDVÕ\OD�� :('0� WHNQRORMLVL� E�\�N�
RUDQGD� JHOLúPH� VD÷ODGÕ�� ����� \ÕOÕQGD� NXUXODQ� úLUNHW�� :('0� LoLQ� LON� HY�
PLNURSURFHVVRU¶ODUÕ� JHOLúWLULOGL�� 7�P� EX� \HQLOLNOHU�� :('0¶\H� ROGXNoD� HVQHN� ELU�
WHNQRORMLN� DYDQWDM� ND]DQGÕUPDQÕQ� \DQÕ� VÕUD�� WDNÕP� X\JXODPDODUÕQGD� JHUoHNOHúHQ�
RSHUDV\RQODUÕQ� ]DPDQÕQGD� ROPDVÕ� YH� E�\�N� ELU� ]DPDQ� WDVDUUXIX� VD÷ODPDVÕ\OD�
SL\DVDGD�HVQHN�ELU�\DSÕ�ND]DQPÕú�ROGX� 
 

����¶OL�\ÕOODUGDQ�|QFHNL�]DPDQODUGD��\|QWHP�\DYDú�ROGX÷X�LoLQ�YH�NHVLOHQ�Lú�
SDUoDVÕQÕQ� \�]H\LQGH� GH÷LúLNOLNOHU� YH� ER]XNOXNODU� ROGX÷XQGDQ� GROD\Õ� \|QWHP��
KDYDFÕOÕN� VDQD\LQ� GH� SHNWH� SRS�OHU� GH÷LOGL�� $PD� ����¶OHUGHQ� VRQUD� \|QWHPLQ�
JHOLúWLULOPHVL\OH�KDYDFÕOÕN�VDQD\LQLQ�NXOODQÕODQ�EDúOÕFD�\|QWHPL�KDOLQH�JHOGL� 
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1970’lerde Elektro-SDUODWPD� \|QWHPLQLQ� JHOLúPHVL� YH� ����¶OL� \ÕOODUÕQ�
VRQODUÕQGD� LVH�&1&¶� OHULQ� NXOODQÕOPD\D� EDúODQPDVÕ\OD��:('0¶� QLQ� |QHPL� |QHPOL�
|Oo�GH� DUWPÕú� ROGX�� &1&� PDNLQHOHULQLQ� \DUGÕPÕ\OD� NDUPDúÕN� úHNLOOHUGHNL� �UHWLP�
RUDQÕ�DUWWÕ�YH�oRN�NRPSOHNV��o�ER\XWOX�NDUPDúÕN�SURILOOHU�LúOHQHELOLU�KDOH�JHOPLú�ROGX��
CNC’ leriQ�NXOODQÕOPDVÕ\OD��oRN�HNVHQOL�:('0�PDNLQHOHUL�\D\JÕQ�KDOH�JHOHUHN�W�P�
PDUNHWOHUGH�P�úWHUL�LoLQ�VXQXOPD\D�EDúODQGÕ� 

 

����¶OHULQ�RUWDODUÕQGD�� WHO�HOHNWURWX� WHNQRORMLVLQLQ�DUWPDVÕ�\�]�QGHQ�:('0�
PDNLQHOHULQLQ� NHVPH� KÕ]ODUÕQGD� GD� DUWÕú� EDúODGÕ� YH� YHULPOLOLN� RUDQÕ� E�\�N� |Oo�GH�
DUWPÕú�ROGX� 

 

6RQUDNL�\ÕOODUGD�:('0�VLVWHPLQH�ELU�DNÕP�NHVPH�GHYUHVL�YH�VHUYR-kontrolör 

HNOHQPHVL\OH� Lú�SDUoDVÕ� LOH� WDNÕP�DUDVÕQGDNL�PHVDIH�E�W�Q� LúOHPH�ER\XQFD�VDELW�ELU�
KDOH� JHWLULOPLú� YH� DUN� ROXúXPX� |QHPOL� |Oo�GH� HQJHOOHQPLúWLU�� %X� VLVWemlerin 

HNOHQPHVL�('0�\|QWHPLQGH�ELU�G|Q�P�QRNWDVÕ�ROPXúWXU� 
 

 

 

ùHNLO�,,���.�:('0¶GH�øúOHP�0HNDQL÷L 
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II.2.2.�7HO�(UR]\RQ�7H]JDKÕQÕQ�øúOHPH�3DUDPHWUHOHUL 
 

ONA AE300� WHO�HUR]\RQ� WH]JDKÕQD� DLW�NHVPH� LOH� LOJLOL� SDUDPHWUHOHU� DúD÷ÕGD�
D\UÕQWÕOÕ�ELU�ELoLPGH�DoÕNODQPÕúWÕU� 

 

 

 

ùHNLO�,,�����21$�$(����7HO�(UR]\RQ�7H]JDKÕQD�$LW�.HVPH�3arametreler 
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ùHNLO�,,���. ONA AE300�7HO�(UR]\RQ�7H]JDKÕ 
 

 

II.2.2.1. Güç (POWER, P) 

 

hUHWHFLQLQ�J�F����LOH����DUDVÕQGD�GH÷LúPHNWHGLU����LOH���DUDOÕ÷ÕQGDNL�GH÷HUOHU�
NÕUSPDODUGD� YH� WDPDPODPDODUGD�� �� LOH� ��� DUDVÕQGDNL� GH÷HUOHU� GH� \RQWPDODUGD� ��
G�]HOWPHOHUGH�NXOODQÕOÕU� 
 

+HU�J�o�VHYL\HVLQH�NDUúÕOÕN�RODUDN�WHO�LOH�Lú�SDUoDVÕ�DUDVÕQGDNL�DNÕPGD�EHOLUOL�
ELU� RUDQ� YDUGÕU�� <�NVHN� J�o� VHYL\HOHULQGH� NÕYÕOFÕPODU� GDKD� VÕFDN�� E�\�N� YH� X]XQ�
sürelidiU�� E|\OHFH� DNÕP� DUWWÕNoD� PDO]HPH� GDKD� HWNLOL� oÕNDUÕOPDNWD� YH� GDKD� oDEXN�
NHVLOPHNWHGLU�� )DNDW� oRN� \�NVHN� J�o� WHOLQ� NÕUÕOPDVÕQD� YH\D� NRSPDVÕQD� \RO�
DoDELOPHNWHGLU��*�o��ELWPLú��U�Q�Q�\�]H\�YH�ERúOXN�GXUXPODUÕ\OD�\DNÕQGDQ�LOJLOLGLU�
ve yüksek seviyelerde daha fD]OD�S�U�]H�YH�ERúOXN�VHYL\HVLQH�\RO�DoDFDNWÕU� 
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II.2.2.2. Bekleme Süresi (TIME OFF, to) 

 

%LU�GHúDUMÕQ�VRQUDNL�ELU�GHúDUMÕQ�JHUoHNOHúPHVL�DUDVÕQGDNL�V�UH���LOH�����PLNUR�
VDQL\H�DUDVÕQGD�GH÷LúPHNWHGLU� 

 

%X� LNL� WXU� GHYLU� DUDVÕQGDNL� V�UH�� KHUKDQJL� ELU� GHúDUMÕQ� ROPDPDVÕ� YH� Lú�
SDUoDVÕQÕQ�DOÕQPDVÕ�V|]�NRQXVX�ROPDGÕ÷ÕQGDQ�GROD\Õ�GXUDNODPD�DQÕGÕU��%X�V�UH�GHúDUM�
VÕUDVÕQGD� WRSODQDELOHFHN� SDUoDODUÕQ� WHPL]OHQPHVL�� NDQDOÕQ� VR÷XPDVÕ ve böylece 

VRQUDNL�GHúDUM� LoLQ� WHPL]�ELU�GLHOHNWULN�NDQDO�HOGH�HGLOHELOPHN�LoLQGLU��(÷HU bu süre 

oRN�NÕVD�ROXUVD��GHúDUM�ERúOX÷X�\HWHUOL�úHNLOGH�WHPL]OHQHPHPHNWH�YH�VRQUDNL�GHúDUMODU�
VÕUDVÕQGD� ELULNPLú� SDUoDODUGDQ� GROD\Õ� oRN� N�o�N� NÕVD� GHYUHOHU� ROXúPDNWDGÕU�� %X�
QHGHQOHUGHQ� GROD\Õ� YH� \HWHUVL]� VR÷XWPD� GHYLUOHULQGHQ� GROD\Õ� WHOGH� NRSPDODU�
olabilmektedir. 

 

%HNOHPH�V�UHVLQLQ�NÕVD�ROPDVÕ�NÕYÕOFÕPODU�DUDVÕQGDNL�V�UHQLQ�NÕVDOPDVÕQD�\RO�
DoPDNWD� YH� WHOLQ� KÕ]Õ� DUWPDNWDGÕU��$\QÕ� ]DPDQGD� WHO� YH� Lú� SDUoDVÕ� DUDVÕQGDNL� DNÕP�
úLGGHWL� DUDVÕQGD� GD� ELU� DUWPD� ROPDNWDGÕU�� %X� GXUXPGD� WHOLQ� NRSPD� RODVÕOÕ÷ÕQÕ�
DUWWÕUPDNWDGÕU� 

 

II.2.2.3. $oÕN�'HYUH�9ROWDMÕ�(VOLTAGE, V) 

 

%RúOX÷XQ� L\RQODúWÕUÕOPDVÕ� VÕUDVÕQGD� ROXúDQ� SRWDQVL\HO� IDUNÕ� J|VWHUPHNWHGLU��
����LOH�����9ROW�DUDVÕQGD�GH÷LúHELOLU��9ROWDMÕQ�DUWPDVÕ�D\QÕ�]DPDQGD�GHúDUM�J�F�Q��
DUWWÕUPDNWD� E|\OHFH� LúOHPLQ� WDPDPODQPD� YH� S�U�]O�O�N� VHYL\HOHUL� DUWPDNWDGÕU��
$\UÕFD�WHOLQ�NRSPD�RODVÕOÕ÷Õ�GD�\�NVHNWLU� 
 

II.2.2.4. Servo (SERVO, GAP) 

 

(UR]\RQ� VÕUDVÕQGD� WHO� LOH� Lú� SDUoDVÕ� DUDVÕQGDNL� WHRULN� YROWDM� IDUNÕQÕ�
J|VWHUPHNWHGLU��6HUYR�GH÷HUL�EX�LNLVL�DUDVÕQGDNL�DUDOÕ÷Õ���X]DNOÕ÷Õ�EHOLUOHPHNWHGLr. 1 

LOH�����YROW�DUDVÕQGD�D\DUODQDELOLU��<�NVHN�VHUYR�VHYL\HOHULQGH�GHúDUM�ERúOX÷X�E�\�N��
L\RQODúPD�V�UHVL�X]XQ�YH�NDOGÕUPD�KÕ]Õ�G�ú�NW�U� 
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'DKD�G�ú�N�VHUYR�VHYL\HOHUL�LoLQ�WHO�LOH�Lú�SDUoDVÕ�DUDVÕQGDNL�X]DNOÕN�D]GÕU�YH�
NHVPH�KÕ]Õ�DUWPDNWDGÕU��'�]HOWPH�LúOHPOHULQGH��G�ú�N�VHUYR�VHYL\HOHUL�LúOHPLQ�GDKD�
KÕ]OÕ� WDPDPODQPDVÕQÕ� VD÷ODPDNWD� IDNDW� WHPL]OHPH� LoLQ� GDKD� NÕVD� ELU� DUDOÕN� YH� NÕVD�
GHYUH� ROD\ODUÕ� V|]� NRQXVX� ROGX÷X� LoLQ� D\QÕ� RUDQGD� WHO� NRSPDODUÕQÕQ� VD\ÕVÕQÕ�
DUWWÕUPDNWDGÕU� 
 

II.2.2.5. Dielektrik (DIELEC, d) 

 

7HO� LOH� Lú� SDUoDVÕ� DUDVÕQGD� GRODúDQ� GLHOHNWUL÷LQ� VHYL\HVLQL� J|VWHUPHNWHGLU��
%RúOXNODUÕ� GLHOHNWULN� LOH� GROGXUPDQÕQ� \DQÕQGD�� ERúOX÷X� VR÷XWPD� YH� HUR]\RQ�
DODQÕQGDQ� DWÕNODUÕQ� X]DNODúWÕUÕOPDVÕQÕ� VD÷ODPDNWDGÕU�� �� LOH� ��� DUDVÕQGD�
ayarlanabilmektedir. 

 

'�]HOWPH� VÕUDVÕQGD� NHVPH� KÕ]Õ� |QHPOL� LVH� WHPL]leme faktörü önem 

ND]DQPDNWDGÕU�� ��� HQGHNVL� |QHULOPHNWHGLU�� (÷HU� KRUWXP� EDúODUÕ� X\JXQ� úHNLOGH�
D\DUODQÕUVD�YH�KRUWXP�EDúÕ�LOH�Lú�SDUoDVÕ�DUDVÕQGD�\DWD\�VX�NDoD÷Õ�HQJHOOHQHELOLUVH����-

12 kg/cm2µOLN�ELU�EDVÕQo�NROD\FD�HOGH�Hdilebilir. 

 

%|\OHFH� ERúOXN� YH� S�U�]O�O�N� VHYL\HVLQGH�KHUKDQJL� ELU� HWNL� \DSPDGDQ� WHOLQ�
KÕ]Õ�DUWDFDNWÕU��<�NVHN�EDVÕQo�VÕUDVÕQGD�XFD�GR÷UX�LQFHOHQ�NHVLPGH�LNL�WDQH�\DQ�HWNL�
söz konusudur: 

 


�8FD�GR÷UX� LQFHOHQ�NHVLPGH�KRUWXP�EDúODUÕ�D\DUODQPDPDNWDGÕU�EX�QHGHQle 

VÕYÕ�GLUHN�RODUDN�GHúDUM�ERúOX÷XQD�JLWPHPHNWHGLU��$\UÕFD�EX�E|OJHQLQ�WHPL]OHQPHVL�
daha zordur. 

 


� 'DKD� E�\�N� DoÕODU� LoLQ� |]HO� �E�\�N�� KRUWXP� EDúODUÕ� VHoLOPHOLGLU�� 6X�
MHWL�oÕNÕúÕ�E|\OHFH�GDKD�N�o�N�ELU�oDSOD�GD÷ÕODFDNWÕU� 

 

Çok yüksek dielektrik seviyesi WHOLQ� KDUHNHW� HWPHVLQH� YH� Lú� SDUoDVÕQÕ�
oL]PHVLQH� VHEHS� RODELOLU�� (UR]\RQ� NDQDOÕQGD� NÕUSPD�XoODUÕQGDQ� NHVPH� VÕUDVÕQGD��
GLHOHNWULN�EDVÕQFÕ��IÕúNÕUWPD�LúOHPLQLQ�\XNDUÕGDQ�DúD÷Õ\D�GR÷UX�JHUoHNOHúPHVL�VHEHEL�
LOH�����PP�Lú�SDUoDVÕ� LoLQ��¶H��GDKD�E�\�N�ER\XWODU� LoLQ���¶H�D\DUODQPDOÕGÕU��(÷HU�
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NÕUSPD�XoODUÕQGDQ�NHVPH�LúOHPL�VDELW�ROPD\DQ�ELU�NDQDOGD�JHUoHNOHúL\RUVD��EX�VHYL\H�
��LOH���DUDVÕQGD�ROPDOÕGÕU� 
 

 

II.2.2.6. Tel Gerilimi (WIRE TENS, Th) 

 

7HOLQ�NHVLPL�VÕUDVÕQGDNL���LOH����GH÷HUOHUL�DUDVÕQGD�JHULOLP�X\JXODQPDNWDGÕU��
<XNDUÕ� YH� DúD÷Õ� XoODU� DUDVÕQGDNL� DNÕP� WHOL� VÕ\ÕUPDNWD� YH� ��¶\D� SURJUDPODQPÕú�
gerilim ile teldeki mekanik gerilim 900-�����J�DUDVÕQGD�ROPDOÕGÕU��*HULOLPLQ�DUWPDVÕ�
WHOLQ� NÕYÕOFÕPODUD� NDUúÕ� GD\DQÕNOÕOÕ÷ÕQÕ� D]DOWPDNWD� YH� WHOLQ� NRSPD� LKWLPDOLQL�
DUWWÕUPDNWDGÕU� 
 

7HOLQ� JHULOLPLQLQ� Lú� SDUoDVÕQÕQ� WDPDPODQPD� KÕ]ÕQGD�� ERúOX÷XQGD� YH�
\�]H\LQGH� KHUKDQJL� ELU� HWNLVL� \RNWXU��8oODUÕQGDQ� NHVPH�G�]HOWPH� VÕUDVÕQGD� WHOGHNL�
elektrik gerilimi küçüktür ve bu da PHNDQLN� JHULOLPLQ� DUWPDVÕQD� QHGHQ� RODUDN� Lú�
SDUoDVÕQÕQ�G�úH\OL÷LQL�VD÷ODPDNWDGÕU� 
 

II.2.2.7. 7HO�%HVOHPH�+Õ]Õ�(WIRE FEED, Vh) 

 

7HO� EHVOHPH� KÕ]Õ� �� LOH� ��� GH÷HUOHUL� DUDVÕQGD� D\DUODQDELOPHNWHGLU�� (UR]\RQ�
VÕUDVÕQGD�WHO�NDSODPD��Lú�SDUoDVÕ�ER\XQFD�ROXúDQ�NÕYÕOFÕPODU�VRQXFXQGD�ROXúPDNWDGÕU��
øú� SDUoDVÕQÕQ� X]XQOX÷XQXQ� DUWPDVÕ� WHOLQ� D\QÕ� NÕVPÕQGD� NÕYÕOFÕPODUÕQ� ROXúPDVÕ�
RODVÕOÕ÷ÕQÕ� DUWWÕUDFDNWÕU��%X�GXUXPGD�NDSODPDGDNL�DUWÕú� D\QÕ� ]DPDQGD� WHOLQ�NRSPDVÕ�
RODVÕOÕ÷ÕQGD�GD� ROPDNWDGÕU��(÷HU� Lú� SDUoDVÕ� NDOÕQ� LVH� NDSODPDQÕQ�Güzenli olabilmesi 

LoLQ�WHOLQ�KÕ]Õ�DUWWÕUÕOPDOÕGÕU� 
 

7HOLQ� KÕ]Õ� ERúOX÷X�� HUR]\RQ� KÕ]ÕQÕ� YH� LúOHQPLú� �U�Q�Q� \�]H\LQL�
HWNLOHPHPHNWHGLU��)DNDW�KÕ]ÕQ�D]DOPDVÕ�Lú�SDUoDVÕQGD�NRQLNOLN�VRUXQXQD�\RO�DoPDNWD�
YH�WHOLQ�NRSPD�RODVÕOÕ÷Õ�DUWPDNWDGÕU� 

 

II.2.2.8. )LQLú (FINISH, ACA) 

 

Bu parametre erozyon gücünü etkilemekte ve böylece pürüzlülük seviyesi 

küçülmektedir. 21�2))�EXWRQX�\DUGÕPÕ\OD�VDGHFH�\RQWPD�NHVLPOHUGH�NXOODQÕOÕU� 



 25 

 

II.2.2.9. Çevirim (INVERS. INV) 

 

%X� SDUDPHWUH� DoÕN� GHYUH� YROWDMÕQD� oHYLULP� LoLQ� ELU� VLQ\DO� J|QGermektedir. 

$WÕPÕ�DQWLHOHNWUROL]�úHNOLQGH�RODQ�ELU�DNÕP�\DUDWPDPDNWDGÕU� 
 

dRN�\�NVHN�\�]H\�NDOLWHVL�LVWHQGL÷LQGH�YH�NXOODQÕODQ�PDO]HPHQLQ�HOHNWUROL]H�
X\JXQ�WLWDQ\XP�YH�VHUW�PHWDOOHU�JLEL�ROPDVÕ�GXUXPXQGD�NXOODQÕOPDVÕ�|QHULOPHNWHGLU� 

 

II.2.2.10. .|úH�'R÷UXOama (CORNER CORR, CRR) 

 

.|úHOHUGH�YH�G�]HOWPHOHUGH�JHRPHWUL\H�X\JXQOX÷X�VD÷ODU����LOH���DUDVÕQGDNL�
GH÷HUOHU� DOÕU�� �� VHoLOGL÷LQGH� N|úHOHU� �]HULQGH� KHUKDQJL� ELU� NRQWURO�
X\JXODQPDPDNWDGÕU� 

 

Üç adet koruma seviyesi mevcuttur. 1. ve 2. seviyeler düzeltme için kXOODQÕOÕU��
2. seviye 1. VHYL\HGHQ�GDKD�ID]OD�WDOHS�HGLOPHNWHGLU�����VHYL\H�LúOHPLQ�WDPDPODQPDVÕ�
VÕUDVÕQGD�NXOODQÕOÕU� 
 

II.2.2.11. øOHUOHPH�+Õ]Õ�(FEEDRATE) 

 

%X� SDUDPHWUH� NRQWURO� SDQHOLQGH� ³IHHGUDWH´� RODUDN� EXOXQPDNWDGÕU�� %LULPL�
PP�GDNLND¶GÕU�YH�����GH÷HULQH kadar seçilebilir. 

 

<RQWPD� NHVLPOHU� VÕUDVÕQGD� HUR]\RQ� KÕ]ÕQÕ� VÕQÕUODQGÕUPDNWDGÕU�� <RQWPD�
NHVLPOHU� VÕUDVÕQGD� DúÕQGÕUÕODFDN� PDO]HPH� PLNWDUÕ� D]� ROGX÷X� LoLQ� KÕ]ÕQ�
VÕQÕUODQGÕUÕOPDVÕ� JHUHNPHNWHGLU�� $\UÕFD� oRN� LQFH� WDEDNDODUGD� X\JXODQÕUNHQ� GH�
DúÕQGÕUPD\Õ�VDELW�WXWDELOPHN�LoLQ�KÕ]�EHOOL�ELU�VHYL\HGH�ROPDOÕGÕU� [5] 

 

II.2.3.�7HO�(UR]\RQ�8\JXODPDODUÕQGD�.HVPH�3HUIRUPDQVÕQÕ�(WNLOH\HQ�)DNW|UOHU 

 

7HO�LOH�HOHNWUR�ERúDOÕPODUOD�NHVPH�LúOHPLQGH��NHVPH�SHUIRUPDQVÕQD�HWNL�HGHQ�
HQ� |QHPOL� IDNW|UOHU� RODUDN� NHVPH� GR÷UXOX÷u, kesme� KÕ]Õ� YH� Lú� SDUoDVÕQÕQ�
JHRPHWULVLQLQ�SURJUDPODQPDVÕ�J|VWHULOPHNWHGLU��%X��o�IDNW|U�Q��W�P�NHVLP�VÕUDVÕQGD�
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RSWLPXP�SHUIRUPDQVWD�ROPDVÕ�KHP�LúOHPH�]DPDQÕQÕ�D]DOWPDNWD�KHP�GH�WHO�NRSPDVÕ�
ROD\ÕQÕ� PLQLPL]H� HGLS� NHVPH\L� NROD\ODúWÕUDQ� úDUWODUÕ� KD]ÕUODPDNWDGÕU�� $\UÕFD� VRQ�
\ÕOODUGD�� HQG�VWULGHNL� JHOLúPHOHU� GR÷UXOWXVXQGD� PDO]HPHOHULQ� \�]H\� S�U�]O�O�NOHUL�
:('0�LoLQ�GL÷HU�|QHPOL�ELU�NULWHU�ROPXúWXU� 
 

II.2.3.���.HVPH�'R÷UXOX÷X 

 

:('0� X\JXODPDODUÕQGD�� NHVPH� GR÷UXOX÷X� KDNNÕQGD� ELUoRN� DUDúWÕUPD�
JHUoHNOHúWLULOPLúWLU�� %X� DUDúWÕUPDODUGDQ� ELUL� RODQ� %UDGOH\¶LQ� oDOÕúPDODUÕ�
GR÷UXOWXVXQGD��('0�LúOHPLQGHQ�|QFH�Lú�SDUoDVÕQGDNL�DUWÕN�JHULOPHOHUL�JLGHUPHN�LoLQ�
WDYODPD�YH�QRUPDOL]H�HWPHN��ÕVÕO�YH�EDVÕQo�KDWDODUÕQÕ�PLQLPXPD�G�ú�UHUHN�YH�NHVPH�
SHUIRUPDQVÕQÕ�\�NVHOWHUHN�ROGXNoD�|QHPOL�SR]LWif�VRQXoODU�GR÷XUPXúWXU��%UDGOH\¶in 

|QHULOHUL�GR÷UXOWXVXQGD��GDKD�\�NVHN�NHVPH�KÕ]Õ�ER\XQFD�\�NVHN�NHVPH�GR÷UXOX÷X�
NRUXQPDOÕGÕU��:('0�X\JXODPDODUÕQGD�QRUPDO�SUREOHPOHUH�HN�RODUDN�PXWODND�GLNNDW�
HGLOPHVL�JHUHNHQ�SRWDQVL\HO�DODQODUÕ�DúD÷ÕGDNL�úHNLOGH�OLVWHOHyebiliriz: 

 

D��.HVPH�LúOHPL�ER\XQFD��WHO�oDSÕ�LOH�Lú�SDUoDVÕ�DUDVÕQGDNL�NHVPH�JHQLúOL÷LQLQ�
VDELW�WXWXOPDVÕ 

 

E��7HOLQ�X\JXQ�JHUJLQOL÷L 
 

H��7HO�NÕODYX]ODUÕQÕQ�HNVHQHO�GHQJHVL 
 

G��7HO�WLWUHúLPLQL�PLQLPL]H�HWPHN 

 

%XQXQOD� ELUOLNWH�� GL÷HU� ELUoRN� DUDúWÕUPDODUGD� WHO� H÷LOPHVL� NÕUÕOPDVÕ� NHVPH�
GR÷UXOX÷XQX�HWNLOH\HQ�IDNW|UOHU�ROGX÷X�EHOLUOHQPLúWLU. 
 

II.2.3.���7HO�(÷LOPHOHUL 
 

7HO� H÷LOPHOHUL�NHVPH�GR÷UXOX÷XQX�HWNLOH\HQ�|QHPOL�ELU� HWNHQGLU��7HO��NHQGL��
�]HULQGH� URO� R\QD\DQ� YH� NÕYÕOFÕP� ROXúXPXQX� JHUoHNOHútiren elektro dinamik 

kuvvetler,�HOHNWUR�VWDWLN�NXYYHWOHU�YH�ERúOXNWDNL�KLGUROLN�NXYYHWOHULQ�HWNLVL�DOWÕQGD�LNL�
HNVHQGH�oHNLOPH\H�PDUX]�NDOÕU�YH�oHNLOPH�QHWLFHVLQGH�NHQGLVLQH�X\JXODQDQ�JHUJLQOLN�
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RUDQÕQÕ� ND\EHGHU��%XQGDQ�GROD\Õ� GH÷LúLN� � SURILOGHNL� SDUoDODUÕQ�� |UQH÷LQ�ELU� H÷Uinin 

HWUDIÕ�NHVLOLUNHQ��WHOLQ�JHULGH�NDOPDVÕ�Lú�SDUoDVÕ��]HULQGH�JHRPHWULN�ELU�KDWD�ROXúWXUXU��
Bu hata 100 mikron kadar olabilmektedir, Telin gHULGH� NDOPDVÕ�� NHVNLQ� N|úH�
NHVLPLQGH� EX� N|úHOHULQ� \XYDUODWÕOPDVÕQD� \RO� DoDU��%|\OHFH� JHRPHWULN� Lú� SDUoDVÕQÕQ�
isteQHQ�úHNLOGH�oÕNPDVÕQÕ�HQJHOOHU�� 
 

%X� KDWDODUÕQ� o|]�P�Q�Q� EXOXQPDVÕ� LoLQ� oHúLWOL� \ROODU� GHQHQPLúWLU�� %XQODU�
GDKD� JHQLú� WHO� JHUPH� NXYYHWLQH� X\JXQ� RODUDN� WHO� JHUPH� GLUHQFLQL� DUWWÕUPDN� YH\D�
X\JXODQDQ� GDUEH� J�F�Q�� G�ú�UPHN� LoLQ� oHúLWOL� GDUEH� SDUDPHWUHOHULQLQ� ELr 
NRPELQDV\RQX� LOH� N|úH� NHVLPLQGH� NHVPH� KÕ]ÕQÕ� G�ú�UPHNWLU�� $PD� NHVPH� KÕ]ÕQÕQ�
G�ú�U�OPHVL�HNRQRPLN�ELU�\DNODúÕPÕ�GH÷LOGLU.  

 

6RQ�\ÕOODUGD��WHO� WLWUHúLP�YH�DQDOL]OHUL�NRQXODUÕ�JHOLúWLULOPHNWHGLU��*HOLúWLULOHQ�
WHO�WLWUHúLPL�YH�DQDOL]�VLVWHPOHULQLQ�DQD�IRQNVL\RQODUÕ�úXQODUGÕU 
 

D�� ('0� LOH� NHVPH� HVDVÕQGDNL� YH� WHOLQ� ERúWD� JH]GLULOPHVL� GXUXPXQGD� WHO�
pozisyonunun�YH�\HU�GH÷LúWLUPHQLQ�|Oo�OPHVL� 

 

E�� 7HO� WLWUHúLPLQLQ� |Oo�OPHVL� HVQDVÕQGD�� HOGH� HGLOHQ� YHULOHUH� GD\DQDQ� ELU�
WLWUHúLP�DQDOL]LQL�JHUoHNOHúWLULOPHVL� 
 

II.2.3.���7HO�.ÕUÕOPDODUÕ 
 

WEDM’GH�\�NVHN�NÕYÕOFÕP�IUHNDQVÕ��LúOHPH�KÕ]ÕQÕ�DUWWÕUPDNWDGÕU��$QFDN�J�o�
\R÷XQOX÷XQD� ED÷OÕ� RODUDN� WHOLQ� NÕUÕOPD� ULVNL� GH� DUWPDNWDGÕU�� 8\JXODPDODUGD�� WHO�
NRSPDVÕ�ROD\Õ�NHVPH�SHUIRUPDQVÕQÕ��LúOHPH�GR÷UXOX�YH�\�]H\�NDOLWHVLQL�E�\�N�RUDQGD 

G�ú�UPHNWHGLU�� %LUoRN� NHVPH� úDUWODUÕQGD�� EX� GXUXPXQ� |Q�QH� JHoPHN� DPDFÕ\OD�
NÕYÕOFÕP� DUD� V�UHVL� �Time Off�� X]XQ� WXWXOPDNWDGÕU�� )DNDW� EX� GXUXP�� WHO� NRSPDVÕQÕ�
WDPDPHQ�HQJHOOH\HPHPHNWH�YH�LúOHPH�V�UHVLQL�GH�DUWWÕUPDNWDGÕU� 

 

øúOHPH� HVQDVÕQGD�� VHoLOHQ� Lú� SDUoDVÕQÕQ� \�NVHNOL÷LQH� J|UH� WHO� ER\XQXQ�
X]DPDVÕ��J�o�\R÷XQOX÷XQX�DUWWÕUGÕ÷Õ�LoLQ��WHOGHNL�ÕVÕO�JHQOHúPH�RUDQÕ�GD�DUWPDNWDGÕU��
'ROD\ÕVÕ\OD� WHO� NRSPD� RODVÕOÕ÷Õ� GD� ID]ODODúPDNWDGÕU�� )DUNOÕ� DUDúWÕUPDODUGD�� WHOLQ�
IL]LNVHO� |]HOOLNOHUL� YH� X\JXODQDQ� WDQVL\RQ�PLNWDUÕ� WHO� NRSPDVÕQÕ� HWNLOH\HQ� HWNHQOHU��
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RODUDN� J|]H� oDUSPDNWDGÕU�� %XUDGD� X\JXODQDQ� JHUJLQOLN� PLNWDUÕ� WHOLQ� JHULOPH�
GLUHQFLQLQ�\DNODúÕN������–���¶ÕQD�HúLW�ROPDOÕGÕU� 

 

7HOLQ� JHRPHWULN� úHNOL�� WHO� NRSPDODUÕQGDNL� ELU� GL÷HU� IDNW|UG�U�� 3UDWLNWHNL�
uygulamalarda genellikle VLOLQGLULN�WHOOHU�NXOODQÕOPDNWDGÕU� 
 

II.2.3.4.�.HVPH�+Õ]Õ 
 

:('0�GH�VHoLOHQ�SDUDPHWUHOHUH�X\JXQ�RODUDN�JHUoHNOHúWLULOHQ�NHVPH�LúOHPL��
GL÷HU� � \|QWHPOHUH� J|UH� GDKD� \DYDúWÕU��.HVPH� KÕ]Õ� GD�PDOL\HW� DoÕVÕQGDQ� |QHPOL� ELU�
NULWHUGLU��:('0¶GH��NHVPH�KÕ]Õ�NÕYÕOFÕP�ERúDOÕPÕQ�NRQWURO��LOH�|Oo�OHELOLU��%RúDOÕP�
DODQÕQGDNL�HQHUML�PLNWDUÕQÕ�DUWWÕUPDN��NHVPH�KÕ]ÕQÕ�DUWWÕUDQ�ELU�\RO�RODUDN�J|U�OVHde, 

WHO�NRSPDVÕ�kDoÕQÕOPD]�ROPDNWDGÕU��%X�GD�KHP�LúOHQHQ�SDUoDQÕQ�\�]H\�NDOLWHVLQL�KHP�
GH�LúOHPH�]DPDQÕQÕ�HWNLOHPHNWHGLU� 

 

WEDM’de NHVPH� KÕ]Õ�� ELULP� ]DPDQGD� NHVLOHQ� Lú� SDUoDVÕ� NDOÕQOÕ÷Õ� RODUDN�
G�ú�Q�OPHNWHGLU�� $\QÕ� ]DPDQGD� NHVPH� YROWDMÕ�� DPSHU�� GDUEH� JHQLúOL÷L�� J�o� YH�
NDSDVLWH�JLEL�IDNW|UOHU�GH�NHVPH�KÕ]ÕQÕ�HWNLOHPHNWHGLU��8\JXODQDQ�EX�SDUDPHWUHOHUOH�
EHUDEHU�� Lú� SDUoDVÕQÕQ� PDO]HPHVL� YH� NDOÕQOÕ÷Õ�� WHO� HOHNWURWXQXQ� oDSÕ� YH� IL]LNVHO�
|]HOOLNOHUL��GLHOHNWULN�VÕYÕVÕQÕQ�|]J�O�GLUHQFL�JLEL�HWNHQOHU�GH�NHVPH\L�HWNLOHPHNWHGLU� 
 

II.2����<�]H\�3�U�]O�O�÷� 

 

<�]H\OHU� JHQHOOLNOH� G�]HQVL]� YH� NDUÕúÕN� LúOHPOHUOH� LPDO� HGLOLUOHU�� dR÷X�
LúOHPOHUGH� VÕUDGDQ� Nontroller ve minimum kalite kontrolü ile genel yüzey doku 

JHUHNVLQLPOHUL� WDQÕ� RODUDN� NDUúÕODQDPDPDNWDGÕU�� dDOÕúPD� úDUWODUÕQD� X\JXQ� RODUDN��
ED]Õ� |]HO� GXUXPODU� LoLQ� \�NVHN�PXNDYHPHW� JHUHNWLUHQ�� D÷ÕU� EDVÕQoODUD� GD\DQDELOHQ�
SDUoDODUÕQ� LPDODWÕ�� JHQHOOLNOH� |]HO� YH� GHWD\OÕ� \�]H\� NDOLWHVLQH� LKWL\Do� GXYDU�� %X�
\�]GHQ� EX� SDUoDODU� LoLQ�� \�]H\� S�U�]O�÷�Q�� |Oo�OPHVL� YH� NDOLWH� NRQWURO��
JHUHNPHNWHGLU�� 6�UW�QPH\H�NDUúÕ� NXOODQÕODQ� \D÷ODU� YH� \D÷OD\ÕFÕODU korozif ortamda 

oDOÕúDQ� PDNLQH� HOHPDQODUÕ�� G|QHQ�PDNDUDODU�� NDSODQPÕú� \�zeyler, bujiler, teleskop 

OHQVOHUL�YV��JLEL�ELUoRN�SDUoDODUÕQ�LPDODWODUÕ�WLWL]OLN�JHUHNWLULU� 
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<�]H\� GRNXVX�� �� ER\XWOX� \�]H\� WRSRJUDILVL� úHNOLQGHNL� QRPLQDO� \�]H\GHQ�
VDSPDODU� RODUDN� WDQÕPODQDELOLU�� øú� SDUoDVÕQÕQ� SURILOLQGHNL� EX� VDSPDODU�� PHNDQLN��
optik ve elektronik devrelerin bir kombinasyonu ile ölçülebilir. Hiçbir zaman tam 

DQODPÕ\OD�G�]J�Q�ELU�\�]H\�HOGH�HGLOHPH]�YH�GDLPD�ELU�PLNWDU�S�U�]O��GRNX�NDOÕU��
%X�GXUXP�ELWLUPH�LúOHPLQGH�NDOLWHVLQH�J|UH�ELUD]�GDKD�DUWDELOLU��%D]Õ�\�]H\OHU�KHP�
pürüzlü hem de dalgaOÕ� RODELOLU�� <�]H\� GRNXVX� G|UW� HOHPDQGDQ� ROXúXU�� %Xnlar; 

pürüzlülük, dalgalanmalar,�\DWD\OÕN�YH�oDWODNOÕNODUGÕU� 
 

a) Pürüzlülük 

 

3�U�]O�O�N�� �UHWLP� SURVHVLQLQ� WDELDWÕQGD� YDU� RODQ� G�]HQVL]OLNOHUGHQ� ROXúXU��
%XQODU�WDNÕP�L]OHUL�YH�GL÷HU�|Oo��GÕúÕ�G�]HQVL]OLNOerdir. 

 

b) Dalgalanma 

 

Yüzey dalga durumu, bütün düzensizlikleri içerir,�3�U�]O�O�N�X]XQOX÷XQGDQ�
E�\�NW�U�� 'DOJDODQPD�� PDNLQHGHQ� YH\D� SDUoDQÕQ� G|QPHVLQGHQ�� WLWUHúLPGHQ�� ÕVÕO�
LúOHPGHQ�� NHVLFL� WDNÕPÕQ� NÕUÕOPDVÕQGDQ� ND\QDNODQDELOLU�� 3�U�]O�O�N�� GDOJDOÕ�
yüzeylerin üst üste gelmesiyle meydana gelir. 

 

F��<DWD\OÕN 

 

<DWD\OÕN�� EHOLUOL� ELU� \�]H\� E|O�P�QH� GR÷UX� ND\PDGÕU��*HQHOOLNOH� NXOODQÕODQ�
�UHWLP�PHWRGXQGDQ�ND\QDNODQÕU� 

 

G��dDWODNOÕNODU 

 

dDWODNOÕNODU�� LVWHQPH\HQ�YH�NDVÕWVÕ]� G�]HQVL]OLNOHUGLU��dDWODNOÕN�� ELU� E|OJHGH 
YH\D� \�]H\GHNL� DUDOÕNODUÕQ� GH÷LúLPL� LOH� JHUoHNOHúLU�� dDWODNODU� KDYD� ERúOX÷X��
\�NVHOWLOHU�YH�ND]ÕQWÕODU� LoHULU��%HOLUOHQHQ�EX�|]HOOLNOHU�ROPDGÕNoD� oDWODNODUÕQ� HWNLVL��
\�]H\� S�U�]O�O�÷�Q�� DúÕUÕ� GHUHFHGH� HWNLOHPH]�� <�]H\� S�U�]O�O�÷�Q�� EXOPDN� LoLQ�
GH÷LúLN�\|Qtemler mevcuttur. 
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II.2.5.�7HO�(UR]\RQ�<|QWHPLQLQ�8\JXODPD�$ODQODUÕ 
 

:('0¶�QLQ�ED]Õ�X\JXODPD�DODQODUÕ�DúD÷ÕGDNL�úHNLOGH�|]HWOHQHELOLU� 
 

,,��������.DOÕS�YH�.DOÕS�3DUoDODUÕ 
 

'H÷LúLN�:('0�PDNLQHOHUL�NXOODQÕODUDN�NDOÕS�YH�NDOÕS�SDUoDODUÕQÕQ��UHWLOPHVL�
mümkünd�U��.DOÕS�LúL��\�NVHN�HOHNWURW�\�]H\�NDOLWHVL�LVWHU��%X�LVH�JHQHOOLNOH�:('0�
\|QWHPL� NXOODQÕODUDN� HOGH� HGLOHELOLU�� 'LúL� NDOÕS� YH� ]ÕPED� \DSÕPÕQGD� oRN� NROD\OÕN�
VD÷ODU��.DOÕSODU��UHWLOLUNHQ�JHQHOOLNOH�NRS\D�WRUQD�X\JXODPDODUÕ�NXOODQÕOÕU��.DUPDúÕN�
parçalar için� GR÷UXOXN� YH� |Oo�� WDPOÕ÷Õ� JHUHNWL÷LQGH�� |]HOOLNOH� VLOLQGLULN� NRPSOHNV�
SDUoDODUGD� G|QHQ� NRS\D� WRUQD� WH]JDKODUÕ� NXOODQÕOÕU�� %X� NDOÕSODUÕQ� LPDODWÕ� JHUoHNWHQ�
oRN�\HWHQHNOL�LQVDQ�J�F��JHUHNWLULU��(OHNWULN�HUR]\RQX�WHOL��NDOÕSODUÕ�GR÷UX��oDEXN�YH�
yetenekli insan� J�F�� JHUHNWLUPHGHQ� LúOH\HELOLU��.ODVLN� WH]JDKODUOD� LPDODWÕ�P�PN�Q�
ROPD\DQ� NDUPDúÕN� SURILOOHULQ� NDOÕSODUÕ� NROD\OÕNOD� NHVLOHELOLU�� %X� \|QWHPGH�� NHVPH�
DQÕQGD�NDOÕSODU�LNL�SDUoD\PÕú�JLEL�G�ú�Q�OHELOLU��=ÕPED�YH�NDOÕS�D\QÕ�DQGD�NHVLOHELOLU�
YH�]DPDQ�ND\EÕQD�QHGHQ�ROPDGDQ�LúOHP�V�UHFL�KÕ]ODQÕU��7HO��KHVDSODQDQ�oHUoHYHQLQ�
GÕúÕQD� \DGD� EDúND� ELU� QRNWD\D� RIVHWOHQHELOLU�� dHUoHYHQLQ� ELU� WDUDIÕQGDNL� LúOHPH�
]ÕPED\Õ��GL÷HU�NHQDUÕQGDNL� LúOHPH�LVH�NDOÕEÕ�YHULU��=ÕPED�YH�NDOÕS�LoLQ�WHN�SURJUDP�
yeterlidir. 

 

II.2.5.2. Prototip�øúOHPL 
 

:('0� LúOHPL� NXOODQÕODUDN� NDUPDúÕN� úHNLOOL� SDUoDODU� oDEXN� YH� NROD\FD�
LúOHQHELOLU�� 7DEDND� KDOLQGHNL� PHWDO� NDWPDQODUÕ� �VW� �VWH� NRQXODUDN� WHN� ELU� SDVRGD�
\�]OHUFH� \DGD� G�]LQHOHUFH� �UHWLOHELOLU�� 3URWRWLS� LúOHPHGH� :('0¶QLQ� EDúND� ELU�
DYDQWDMÕ�GD�\DSÕODFDN�N�o�N�GH÷LúLNOLNOHUOH�SDUoDODUÕQ��UHWLPOHUL�LoLQ�NXOODQÕODELOHFHN�
SURWRWLSL�1&�\DUGÕPÕ\OD��UHWPHNWLU��%X�\DUGÕP��UHWLPL�|QHPOL�GHUHFHGH�DUWÕUÕU� 
 

II.2.5.3. 7RUQD�7DNÕPODUÕ 
 

%D]Õ� WRUQD� WDNÕPODUÕ� NDUPDúÕNWÕU�� D\UÕFD� \�NVHN� RUDQGD� GR÷UXOXN� JHUHNWLULU��
Çelik ELU� J|YGH� �]HULQGH� OHKLPOHQPLú� NDUE�UGHQ� ROXúDQ� WRUQD� WDNÕPODUÕ�� JHQHOOLNOH�
SDKDOÕ� HOPDV� GLVNOHU� NXOODQDUDN� WDúODQÕU�� dHOLN� J|YGH� JHQHOOLNOH� IUH]HOHQHUHN�
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KD]ÕUODQÕU�� 'DKD� VRQUD� NDUE�U� EX� oHOLN� J|YGH\H� OHKLPOHQLU� YH� IRUP� WDúODPD�
NXOODQÕODUDN��UHWLP�LúOHPL�WDPDPODQÕU��%X�|]HO�WRUQD�WDNÕPODUÕ�|]HO�\DSÕOPÕú�:('0�
PDNLQHOHUL�LOH�LúOHQHELOLU��%X�LúOHP�Lú�SDUoDVÕ�VDELWNHQ�HOHNWURWXQ�D\QÕ�DoÕGD�VDELW�ELU�
úHNLOGH� HO� LOH� X\JXODQPDVÕ\OD� \DSÕODELOLU�� :('0� LoHULVLQGHNL� |]HO� SURJUDPODU�
\DUGÕPÕ\OD�HOLSV�NHVLPLQGH�ELOH�NROD\OÕN�VD÷ODU��%X�W�U�WRUQD�WDNÕPODUÕQÕQ�LPDODWÕQGD�
:('0�NXOODQÕODUDN�|QHPOL�WDVDUUXIODU�VD÷ODQÕU� 

 

II.2.5.4.�g]HO�ùHNLO�0DO]HPHOHUL 
 

.DUE�U�� HOPDV� YH\D� GL÷HU� VWDQGDUW� ROPD\DQ� PDO]HPHOHU� :('0� LúOHPL�
NXOODQÕODUDN� NHVLOHELOLU�� dR÷X� NH]� ELUoRN� DODQGD� WHUFLK� HGLOHQ� ROXúWXUXODQ� \HQL�
PDO]HPHOHU�� JHOHQHNVHO� WDNÕP� WH]JDKODUÕ� NXOODQÕODUDN� HNRQRPLN� RODUDN� NHVLOPHOHU�
|]HOLNOH�VHQWHWLN�HOPDVODU�YH�HOPDV�ELOHúLPOHULQL�NHVPHN�LoLQ�oRN�VHUW�YH�SDKDOÕ�RODQ�
NHVLFLOHUH� LKWL\Do� GX\XOXU�� %X� PDOL\HWL� G�ú�UPHN� LoLQ�:('0� LúOHPL� NXOODQÕODUDN�
GR÷UX��GDKD�XFX]�YH�NÕVD�]DPDQGD�NHVPH�LúOHPL�\DSÕODELOLU� 
 

II.2.5.5. %URúODU 

 

%URúODPD� �WÕ÷� oHNPH�� DVOÕQGD� NDPD� \XYDVÕ� DoPDN� LoLQ� JHOLúWLULOPLúWLU��
%XQXQOD�ELUOLNWH�G�]��Lo�YH�GÕú�VLOLQGLU�YH\D�G�]�ROPD\DQ�\�]H\OHULQ�VHUL�LPDODWÕQGD�
NXOODQÕOÕU�� %URúODUÕQ� VLODKODU� JLEL� ELUoRN� X\JXODPD� DODQODUÕ� GD� YDUGÕU�� %URúODU�
NXOODQÕODUDN� �UHWLOHFHN� \�]H\� oHúLWOHULQGH� KHPHQ� KHPHQ� KLo� VÕQÕUODPD� \RNWXU��
*HOHQHNVHO�\|QWHPOHUOH�LúOHQHQ�EURúODU��SDKDOÕ\D�PDO�ROXU�YH�\�NVHN�RUDQGD�NDELOL\HW�
JHUHNWLULU�� %URúODUÕQ� �UHWLPLQGH� NXOODQÕODQ� PDO]HPHOHU� JHQHOGH� VHUW� YH� LúOHQPHVL�
]RUGXU�� %X� ]RUOXNODU� :('0� LúOHPL� LOH� NROD\ODúWÕUÕODELOLU�� %URúODPD� WDNÕPODUÕQÕQ�
LPDODWÕ�:('0�LoLQ�P�NHPPHO�ELU�X\JXODPD�DODQÕGÕU� 
 

II.2.5.6. ùDEORQODU 

 

ùDEORQODUÕQ�WDVDUÕPÕQGDNL�GH÷LúLNOLNOHUH�J|UH�basLW�ELU�&1&�SURJUDPÕ�\DSDUDN�
tHO�HUR]\RQXQGD�EX�SDUoDODUÕQ�LúOHQPHVL�ROGXNoD�NROD\GÕU� 
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II.2.6. :('0¶�QLQ�$YDQWDM�YH�'H]DYDQWDMODUÕ 
 

:('0¶� QLQ� |QHPOL� ELU� DYDQWDMÕ�� W�P� JHOHQHNVHO� ROPD\DQ� LúOHPH�
\|QWHPOHULQGHNL� JLEL� Lú� SDUoDVÕ� YH� WHO� HOHNWURW� � DUDVÕQGD� IL]LNVHO� ELU� WHPDVÕQ�
ROPDPDVÕGÕU��%X�PDNLQHOHUOH�GL÷HU�WH]JDKODUGD�LúOHQHPH\HQ�WHPHO�NULWHUOHU�DúD÷ÕGDNL�
úHNLOGH�|]HWOHQHELOLU�� 

 

D�� *HOHQHNVHO� PHWRWODU� YDVÕWDVÕ\OD� NROD\� LúOHQHPH\HQ� VHUW� PHWDO� YH�
DODúÕPODUÕQÕQ� LúOHQHELOPHVL�� %|\OHFH� VHUWOHúWLULOPLú� oHOLNOHU�� WXQJVWHQ� DODúÕPODUÕ� YH�
IDUNOÕ�HQG�VWUL�GDOODUÕQGD�NXOODQÕODQ�G|N�P�DODúÕPODUÕQÕQ�LúOHQPHVLQGH�NXOODQÕOÕU� 

 

E�� &1&� NRQWURO�� YDVÕWDVÕ\OD�� RWRPDWLN� RODUDN� NRPSOHNV� ELU� SDUoD\Õ� LPDO�
HWPHGH�NXOODQÕOÕU� 

 

F�� .HVPH� DQÕQGD� ELU� NXYYHWH� LKWL\Do� GX\XOPDNVÕ]ÕQ� Lú� SDUoDVÕ� HULWLOHUHN�
LúOHQGL÷LQGHQ��ED÷ODPD�]RUOX÷XQD�VDKLS�KHUKDQJL�ELU�LOHWNHQ�SDUoD\Õ�LúOHPHN�ROGXNoD�
NROD\GÕU� 

 

dHúLWOL� DYDQWDMODUÕ�RODQ�:('0�LúOHPL� ELUoRN�SUREOHPH�GH� VDKLSWLU��:('0�
oRN� VD\ÕGD� SDUDPHWUH� WDUDIÕQGDQ� NRQWURO� HGLOLU�� :('0� �QLWHOHULQLQ�
karakteriVWL÷LQGHQ�GROD\Õ� WHN�ELU� IDNW|U�ELOH�VRQXFD�HWNL�HGHELOPHNWHGLU��(QHUML�KHP�
NÕYÕOFÕP� \R÷XQOX÷X� KHP� GH� ]DPDQ� � WDUDIÕQGDQ� EHOLUOHQLU�� %X� SDUDPHWUHOHU� E|\OHFH�
KHP� LúOHPH� KÕ]Õ� KHP� GH� \�]H\� S�U�]O�O�÷�Q�� HWNLOHU�� %XQODU� KHUKDQJL� ELU� PHWDO�
NHVPH�LúOHPLQLQ�oRN�|Qemli kabulüdür.�'HúDUM�HQHUMLVL��GHúDUM�DNÕPÕ��DUDOÕN�YROWDMÕ��
time off süresi ve elektrot karakteristikleri tezgah parametrelerinin bir 

fonksiyonudur. %X�SDUDPHWUHOHULQ�YH�GL÷HU�NRQWURO�IDNW|UOHULQLQ�\DQOÕú�D\DUODQPDVÕ��
DU]X�HGLOPH\HQ�\�]H\�KDVDUODUÕQD�YH�G�ú�N�LúOHPH�KÕ]ODUÕQD�VHEHS�ROPDNWDGÕU� 
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BÖLÜM III 

 
7(=�d$/,ù0$/$5, 
 

III.1. TEL EROZYON TEZGAHI 

 

 Deneylerde ONA AE300 tel erozyon� WH]JDKÕ� NXOODQÕOPÕúWÕU�� 7HO� HUR]\RQ�
WH]JDKÕQÕQ�JHQHO�EDNÕPODUÕ�\DSÕOÕS��GHQH\OHUL�HWNLOHPHVL�PXKWHPHO�PDNLQH�HOHPDQODUÕ�
�NRQWDNW|U�� NHVPH� EÕoDNODUÕ�� ILOWUH� WHPL]OL÷L� YE��� GH÷LúWLULOPLúWLU�� ONA AE300 tel 

HUR]\RQ�WH]JDKÕQÕQ�WHNQLN�|]HOOLNOHUL�DúD÷ÕGD�JLELGLU� 
 

 * CNC kontrollü 

 * 1 / 1000 hassasiyetli 

 * Eksen hareketleri: X=400mm, Y=300mm (max) 

 
�.HVHELOHFH÷L�NDOÕQOÕk: Z=250mm (max) 

 
�.RQLNOLN�DoÕVÕ�������PD[� 
 
�7HO�EHVOHPH�KÕ]Õ����P�GDN 

 
�7HO�dDSÕ������PP 

 * Otomatik filtre temizleme (filtre ömür boyu) 

 * Otomatik tel takma 

 
�2WRPDWLN�WHO�GLNOL÷LQL�D\DUODPD 

 
�'LHOHNWULN�VÕYÕ�VLUN�ODV\RQ�EDVÕQFÕ����NJ�FP2 (max) [6]. 
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III.2. DENEYDE KULLANILAN MALZEME 

 

 'DKD� oRN� NDOÕSoÕOÕN� VHNW|U�QGH� NHVPH�� E�NPH�� IRUP� YHUPH�� �W�OHPH�� GHULQ�
oHNPH��VR÷XN�HNVW�]\RQ�YE��JLEL�\D\JÕQ�RODUDN�NXOODQÕODQ�������'�� VR÷XN�Lú�WDNÕP�
oHOL÷L GHQH\�PDO]HPHVL�RODUDN�VHoLOPLúWLU� Standartlarda  

 

 X 155 CrVMo 12 1 

 ISO/ DIN: 1.2379 

 AISI: D2 

 BS: BD2 

 

úHNOLQGH�EHOLUWLOHQ�VR÷XN�Lú�WDNÕP�oHOL÷L�\�NVHN�DúÕQPD�PXNDYHPHWLQLQ�\DQÕ�VÕUD�D\QÕ�
VHUWOLN�GH÷HULQGH� L\L�ELU� WRNOX÷D�VDKLSWLU��$\UÕFD�PDO]HPH�QLWUDV\RQD�X\JXQGXU� Bu 

PDO]HPHQLQ�NLP\DVDO�ELOHúLPOHUL�7DEOR�,,,��¶GH�YHULOPLúWLU�[7]. 

 

7DEOR�,,,����'HQH\OHUGH�.XOODQÕODQ������6R÷XN�øú�7DNÕP�dHOL÷LQLQ�.LP\DVDO�$QDOL]L 
.LP\DVDO�%LOHúLP C Si Mn Cr V Mo 

% 1,55 0,30 0,35 12,00 0,90 0,75 

 

 

III.3. '(1(<'(�.8//$1,/$1�0$/=(0(1ø1�,6,/�øù/(0ø 
 

 Tarihte ne zaman�EXOXQGX÷X�WDP�RODUDN�ELOLQHPHVH GH��ÕVÕO�LúOHPLQ�PLODGÕQÕQ�
DQWLN�oD÷ODUD�GD\DQGÕ÷Õ�G�ú�Q�OPHNWHGLU��dHOL÷LQ�NÕ]ÕO�KDOH�JHOHQH�NDGDU�ÕVÕWÕOÕS�GDKD�
VRQUD� VX\D� YH\D� KD\YDQVDO� \D÷D� GDOGÕUÕODUDN� VHUWOHúWLULOPHVL�� GHPLUFLOHULQ� NÕOÕoODUÕ�
dövdükten sonra suya batÕUDUDN�VHUW�YH�NHVNLQ�KDOH�JHOPHOHULQL�VD÷ODPDODUÕ�JLEL�ELU�
oRN�ÕVÕO�LúOHP�|UQH÷L�YDUGÕU��,VÕO�LúOHP�SURVHVOHUL�J�Q�P�]GH�LVH�LOHUL�WHNQRORML��U�Q��
PDNLQH�YH�HNLSPDQODU�LOH�\DSÕOPDNWD�YH�NRQWURO�HGLOPHNWHGLU� 
 

 III.3.1.*HULOLP�*LGHUPH�7DYODPDVÕ 
 

 Ham çelik�� �UHWLP� DúDPDVÕQGD� G|N�P� PHWRGX\OD� NDWÕODúWÕUÕOÕS�� KDGGHOHPH�
YH\D� G|YPH� LúOHPOHULQGHQ� JHoLULOPHNWHGLU�� 'DKD� VRQUD� KHUKDQJL� ELU� PDO]HPHQLQ�
tasDUÕPÕ� LoLQ�� X\JXQ� |Oo�OHUGH� NHVLOHUHN� WDODúOÕ� úHNLO YHUPH� LúOHPLQH� WDEL� WXWXODQ�
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oHOL÷LQ� \DSÕVÕQGD� VR÷XPD� YH� LúOHPHGHQ� ND\QDNODQDQ� JHULOPHOHU� ROXúDFDNWÕU�� ,VÕO�
LúOHPGH� ER\XWVDO� GH÷LúLPH� QHGHQ� RODELOHFHN� V|]� NRQXVX� JHULOLPOHUL� JLGHUPHN�
PDNVDGÕ\OD� JHULOLP� JLGHUme tDYODPDVÕ� \DSÕOPDOÕGÕU�� %X� LúOHP� ���-���� �&� VÕFDNOÕN�
GH÷HUOHULQGH��PDO]HPH\L��-��VDDW�EHNOHWPHN�YH�VRQUDVÕQGD�\DYDú�VR÷XWPD�VXUHWL\OH�
\DSÕOÕU� 
 

,,,������6HUWOHúWLUPH 
 
 6X�YHUPH�LúOHPL�RODUDN�GD�DGODQGÕUÕODQ�EX�LúOHPLQ�DPDFÕ�PDO]HPHOHULQ�VHUWOLN��
DúÕQPD�GD\DQÕPÕ�JLEL�PHNDQLN�|]HOOLNOHULQL�DUWWÕUPD\D�\|QHOLNWLU��6HUWOHúWLUPH�LúOHPL�
VRQUDVÕ�DODELOHFH÷L�PDNVLPXP�VHUWOLN�GH÷HULQH�oÕNDUÕODQ�PDO]HPH��GDKD�VRQUD�\DSÕODQ�
PHQHYLú�LúOHPOHUL\OH�X\JXQ�oDOÕúPD�VHUWOL÷LQH�JHWLULOLU�� 
 

 dHOLNOHUGH� VHUWOHúWLUPH� LúOHPL� PDO]HPHQLQ� \DSÕVÕQÕQ� ����� |VWHQLW� ID]ÕQGD�
RODFD÷Õ� ELU� VÕFDNOÕ÷D� ÕVÕWÕODUDN� EHOLUOL� ELU� V�UH� EHNOHQPHVL� YH� DQL� VR÷Xtularak oda 

VÕFDNOÕ÷ÕQD� JHWLULOPHVL� HVDVÕQD� GD\DQÕU�� gVWHQLW� VÕFDNOÕ÷Õ� GHQLOHQ� EX� VÕFDNOÕN� GH÷HUL�
oHOL÷LQ� \DSÕVÕQGDNL� DODúÕP� HOHPHQWOHUL� RUDQODUÕQD� J|UH� IDUNOÕOÕNODU� J|VWHUPHNWHGLU��
6R÷XWPD� RUWDPÕ�� PDO]HPHQLQ� FLQVLQH� J|UH� KDYD� �D]RW�� DUJRQ��� \D÷� ve su 

olabilmektedir.  

  

 6HUWOHúWLUPH�LúOHPL�\DSÕODFDN�PDO]HPHQLQ�|VWHQLW�VÕFDNOÕ÷ÕQD�NDGDU� ÕVÕWÕOPDVÕ�
HVQDVÕQGD�ÕVÕWPD�EDVÕQFÕ�YH�KÕ]Õ�GLNNDW�HGLOPHVL�JHUHNHQ�ELU�KXVXVWXU��0DO]HPHQLQ�Lo�
\DSÕVÕQGDNL� ÕVÕ� LOHWLPL� \DYDú� RODFD÷ÕQGDQ� oHNLUGHN� DGÕ� YHULOHQ� E|OJH�� \�]H\� Nadar 

KÕ]OÕ�ÕVÕQDPDGÕ÷Õ�LoLQ�LNL�E|OJH�DUDVÕQGD�VÕFDNOÕN�IDUNOÕOÕNODUÕ�ROXúDFDNWÕU��%X�VÕFDNOÕN�
IDUNÕQÕQ�DúÕUÕ�DoÕOPDVÕ�� ID]�GH÷LúLP�VÕFDNOÕ÷ÕQD�JHOLQGL÷LQGH�PDO]HPHQLQ�GÕú�\�]H\L�
LOH� Lo�\�]H\L� DUDVÕQGD� ID]� IDUNOÕOÕNODUÕ�ROPDVÕQD�QHGHQ�RODFDNWÕU��2GD�VÕFDNOÕ÷ÕQGDNL�
ELU� oHOL÷LQ� NDIHV� \DSÕVÕ� N�ELN� KDFLP� PHUNH]OLGLU� �ùHNLO� ,,,������ gVWHQLW� ID]ÕQD�
JHOLQGL÷LQGH� LVH�PDO]HPHQLQ� NDIHV� \DSÕVÕ� GH÷LúHFHN� YH� N�ELN� \�]H\�PHUNH]OL� KDOH�
gelecektir� �ùHNLO� ,,,������0DO]HPHQLQ� \�]H\L� YH� oHNLUGHN� E|OJHVL� DUDVÕQGD� ROXúDFDN�
VÕFDNOÕN� IDUNÕ�� ID]� GH÷LúLP� VÕFDNOÕ÷ÕQD� JHOLQGL÷LQGH� \�]H\H� \DNÕQ� E|OJHOHULQ� N�ELN�
yüzey merkezOL�� oHNLUGH÷H� \DNÕQ� E|OJHOHULQ� N�ELN� KDFLP�PHUNH]OL� NDIHV� \DSÕVÕQGD�
ROPDODUÕQD� QHGHQ� RODFDN� YH� EX� VXUHWOH� PDO]HPHQLQ� Lo� \DSÕVÕQGD� JHULOPHOHULQ�
ROXúPDVÕQD� \RO� DoDFDNWÕU� �ùHNLO� ,,,����. Böyle bir sorunu engellemek için malzeme 
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P�PN�QVH� HQ� D]� �� DGÕPGD� |VWHQLW� VÕFDNOÕ÷ÕQD� JHWLULOPHOL� YH� KHU� |Q� ÕVÕWPD�
kademesinde 30-60 dakika beklenmelidir. 

 

 

 

ùHNLO�,,,����)HUULW�.ULVWDO�<DSÕVÕ�.�ELN�+DFLP�0HUNH] 
 

 

 

 

ùHNLO�,,,��. Östenit�.ULVWDO�<DSÕVÕ�.�ELN�<�]H\ Merkez 
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ùHNLO�,,,��. 0DUWHQVLW�.ULVWDO�<DSÕVÕ�.�ELN�+DFLP Merkez 

 

dHOL÷LQ� |sWHQLW� VÕFDNOÕ÷ÕQD� oÕNDUÕOPDVÕQGDNL� DPDo�� \DSÕGDNL� DODúÕP�
HOHPHQWOHULQLQ� NDUERQOD� ROXúWXUGX÷X� NDUE�U� ED÷ODQWÕODUÕQÕQ� WDQHOHU� LoLQGH� YH� WDQH�
VÕQÕUODUÕQGD� KRPRMHQ� ELU� úHNLOGH� o|]�OPHVLQL� VD÷ODPDNWÕU�� gVWHQLW� VÕFDNOÕ÷ÕQD�
gelindikten sonra karbürOHULQ� \D\ÕODELOPHVL� LoLQ� EHOLUOi bir süre beklenmelidir. 

%HNOHPH� V�UHVL� oHOL÷LQ� FLQVLQH� J|UH� GH÷LúHELOPHNWH� ROXS� JHQHO� DQODPGD� |VWHQLW�
VÕFDNOÕ÷Õ�LOH�WHUV�RUDQWÕOÕGÕU��%X�NRQXGD�ELU�GL÷HU�|QHPOL�NRQXGD�oHOLN��UHWLFLOHUinin ve 

XOXVODU� DUDVÕ� VWDQGDUWODUÕQ� PDO]HPHQLQ� FLQVLQH� J|UH� EHlLUOHGL÷L� |VWHQLQ� VÕFDNOÕ÷Õ� YH�
EHNOHPH� V�UHVL� GH÷HU� DUDOÕNODUÕQÕQ� GÕúÕQD� oÕNÕOPDPDVÕ� JHUHNWL÷LGLU�� 0DO]HPH� LoLQ�
EHOLUOHQHQ� |VWHQLW� VÕFDNOÕ÷ÕQÕQ� YH\D� EHNOHPH� V�UHVLQLQ� DúÕOPDVÕ� GXUXPXQGD�
PDO]HPHQLQ�PHNDQLN� GH÷HUOHULQGH� |QHPOL� ELU� RUDQGD�D]DOPD� RODFDNWÕU��%X� GXUXPD�
PDUX]� NDODQ� ELU� PDO]HPHQLQ� WDQH� VÕQÕUODUÕQGD� NÕVPL� HUJLPHOHU� RODFDN� YH� EX�
E|OJHOHULQ�PXNDYHPHWLQLQ�G�úPHVL�VRQXFX�WDQHOHU�DUDVÕ�ELUOHúPH�PH\GDQD�JHOHFHNWLU��
%LUOHúPH� VRQXFX� LULOHúHQ� WDQHOHU�� \DSÕQÕQ� GDUEH� GD\DQÕPÕQÕQ� D]DOPDVÕQD� QHGHQ�
RODFDNWÕU��gVWHQLWWH�\�NVHN�VÕFDNOÕNODUD�oÕNÕOPDVÕ�YH\D�|VWHQLW�VÕFDNOÕ÷ÕQGD�X]XQ�V�UH�
EHNOHQPHVL� VRQUDVÕQGD� VR÷XWXOXS�� RGD� VÕFDNOÕ÷ÕQD� JHWLULOHQ� PDO]HPHQLn belirli bir 

VHUWOLN�GH÷HULQL�DOPDVÕ�RODVÕGÕU��$QFDN�PDO]HPHQLQ�PLNUR�\DSÕVÕ�LQFHOHQGL÷LQGH�WDQH�
ER\XWXQXQ� E�\�N� ROGX÷X� J|]OHPOHQHFHNWLU�� 7DQH� ER\XWXQXQ� JHUHNHQGHQ� E�\�N�
ROPDVÕ�PDO]HPHQLQ�WRNOXN�GH÷HULQGH�|QHPOL�ELU�RUDQGD�D]DOPD\D�VHEHS�RODFD÷ÕQGDQ�
oDOÕúPD�HVQDVÕQGD�PDO]HPH��PDUX]�NDOGÕ÷Õ�GDUEH\H�FHYDS�YHUHPH\LS�NÕUÕODFDNWÕU��%X�
VHEHSOH�|VWHQLW�VÕFDNOÕ÷ÕQD�YH�EX�VÕFDNOÕNWD�EHNOHPH�V�UHVLQH�GLNNDW�HGLOPHOLGLU��  
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 %HNOHPH�V�UHVL�VRQXQGD�PDO]HPH�KÕ]OÕ�ELU�úHNLOGH�VR÷XWXOXS�RGD�VÕFDNOÕ÷ÕQD�
JHWLULOLU�� 6ÕFDNOÕ÷ÕQ� G�úPHVL� VRQXFX�� \�NVHN� HQHUMLOL� E|OJHOHU� RODQ� WDQH� VÕQÕUODUÕQD�
\D\ÕQPD\D� H÷LOLPOL� NDUE�UOHU�� KÕ]OÕ� VR÷XWPD� VHEHEL\OH� \HWHUOL� ]DPDQÕ� EXODPD\DFDN�
YH� NDIHV� oHSHUOHULQGH� KDSVRODUDN�� ³PDUWHQ]LW´� DGÕ� YHULOHQ� oRN� VHUW� ELU� ID]ÕQ�
ROXúPDVÕQÕ� VD÷OD\DFDNWÕU�� dHOLNWH� PDUWHQ]LWLN� \DSÕQÕQ� ROXúPDVÕ� LoLQ� JHUHNOL� RODQ�
VR÷XWPD� KÕ]ÕQD� ³NULWLN� VR÷XWPD� KÕ]Õ´� DGÕ� YHULOPHNWHGLU�� .ULWLN� VR÷XWPD� KÕ]ÕQÕQ�
EHOLUOH\LFL� IDNW|U�� DODúÕP� HOHPHQWOHULGLU�� '�ú�N� DODúÕPOÕ� oHOLNOHU� \D÷� \D� GD� VX�
RUWDPÕQGD� VHUWOHúHELOLUNHQ�� \�NVHN� DODúÕPOÕ� oHOLNOHU� KDYDGD� VR÷XWPD� LOH�
VHUWOHúHELOLUOHU��0DO]HPH� FLQVLQH� J|UH� VR÷XWPD� RUWDPODUÕQÕQ� IDUNOÕOÕN� J|VWHUPHVLQLQ�
DOWÕQGDNL�QHGHQ�NULWLN�VR÷XWPD�KÕ]ÕGÕU��6R÷XWPD�HVQDVÕQGDNL�ELU�GL÷HU�GXUXP�GD�ÕVÕO�
LOHWNHQOLNWLU�� 0DO]HPHGH� \�]H\� YH� oHNLUGHN� D\QÕ� DQGD� ÕVÕQPDGÕ÷Õ� JLEL� D\QÕ� DQGD�
VR÷PD\DFDN��VR÷PD�KÕ]Õ�GÕúWDQ�LoH�GR÷UX�G�úHFHNWLU��'ROD\ÕVÕ\OD�PDO]HPHGH�GÕúWDQ�
LoH�GR÷UX�ELU�VHUWOLN�D]DOPDVÕ�J|U�OHFHNWLU��<�NVHN�DODúÕPOÕ�YH�\�NVHN�PXNDYHPHWOL�
oHOLNOHUGH� ÕVÕO� LOeWNHQOL÷LQ� \�NVHN� ROPDVÕ sayesinde, bahsedilen bu sertlik fDUNÕ�
D]DOPDNWD� YH� EX� úHNLOGH� E�\�N� NHVLWOL� PDO]HPHOHU� WDP� RODUDN�
VHWUHOHúWLULOHELOPHNWHGLU�� 6HUWlHúWLUPH� LúOHPLQGH�� PDO]HPHQLQ� ND]DQGÕ÷Õ� VHUWOLN�
GHULQOL÷LQH�³VHUWOHúHELOPH�NDELOL\eWL´�DGÕ�YHULOPHNWHGLU� 
 

III.3.3. Temperleme ( Tavlama ) 

 

 6HUWOHúWLUPH�LúOHPLQLQ�VRQUDVÕQGD�HOGH�HGLOHQ�PaUWHQ]LWLN�\DSÕQÕQ��DúÕUÕ�VHUW ve 

NÕUÕOJDQ� \DSÕVÕQGDQ� GROD\Õ�� PDO]HPH� NXOODQÕOPD\D� HOYHULúOL� GH÷LOGLU�� %X� NÕUÕOJDQ�
\DSÕ\D�ELU�PLNWDU�VHUWOLN�ND\EÕ\OD�GDUEH�GD\DQÕPÕ�ND]DQGÕUPDN�YH�VHUWOHúWLUPH�LúOHPL�
VRQUDVÕ� \DSÕGD� ROXúDQ� Lo� JHULOPHOHUL� JLGHUPHN� PDNVDGÕ\OD� WHPSHUOHPH� LúOHPL�
uygulaQÕU��7HPSHUOHPH�LúOHPL��PDO]HPHQLQ�X\JXQ�VÕFDNOÕN�GH÷HULQH�ÕVÕWÕOPDVÕ��EHOLUOL�
ELU� V�UH� EHNOHWLOPHVL� YH� GDKD� VRQUD� \DYDú� VR÷XWXODUDN� RGD� VÕFDNOÕ÷ÕQD� JHWLULOPHVL�
HVDVÕQD� GD\DQÕU�� 7HPSHU� VÕFDNOÕ÷Õ�PDO]HPHQLQ� FLQVLQH� YH� LVWHQLOHQ� VHUWOLN� GH÷HULQH�
J|UH�VHoLOLU��%HNOHPH�V�UHVL�HQ�D]���VDDW�ROPDN�NRúXOX\OD�SDUoDQÕQ�HW�NDOÕQOÕ÷ÕQD�J|UH�
GH÷LúHELOPHNWH� YH� RUWDODPD� KHU� ��PP� NDOÕQOÕN� LoLQ� �� VDDW� ROPDNWDGÕU�� %DúND� ELU�
GH÷LúOH� PDO]HPHQLQ� oHNLUGHN� VÕFDNOÕ÷Õ� LOH� WHPSHU� VÕFDNOÕ÷ÕQGDNL� \�]H\� DUDVÕQGDNL�
IDUN���� �&� µQLQ�DOWÕQD� LQPHVLQGHQ� LWLEDUHQ�HQ�D]���VDDW�EHNOHQPHOLGLU��7HPSHUOHPH�
LúOHPL�PDO]HPHQLQ�NXOODQÕODFD÷Õ�\HUH�J|UH�HQ�D]����\D�GD�ID]OD�VD\ÕGD�RODELOPHNWHGLU��
7HPSHUOHPH� LúOHPOHUL� VRQUDVÕQGD� VHUWOLN� ND\EÕQD� X÷UD\DQ� PDO]HPH�� EXQD� NDUúÕOÕN�
GDUEH�GD\DQÕPÕ�ND]DQDFDN�YH�NXOODQÕPD�KD]ÕU�KDOH�JHOHFHNWLU�� 
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ùHNLO�,,,��. ,VÕO�øúOHP�'L\DJUDPÕ 
 

,,,������7HPSHUOHPH���0HQHYLú�øúOHPOHULQGH�g]HO�.RQXODU 
 

 ,VÕO� LúOHPL� \DSÕODFDN� PDO]HPHQLQ� QHUHGH� NXOODQÕODFD÷ÕQÕQ� |QFHOLNOH�
belirlHQPHVL� JHUHNLU�� +HUKDQJL� ELU� VR÷XN� Lú� WDNÕP� oHOL÷L� LoLQ� LNL� PHQHYLú� \HWHUOL�
ROXUNHQ�� ÕVÕO� LúOHPGHQ� VRQUD� HUR]\RQ� LúOHPL� X\JXODQDFDN� ELU� PDO]HPHP� LoLQ� D\QÕ�
GXUXP� V|]� NRQXVX� GH÷LOGLU�� (UR]\RQ� LúOHPLQGH� PDO]HPHQLQ� NHVLP� QRNWDVÕQGD�
1.104�&�JLEL�oRN�\�NVHN�VÕFDNOÕN�GH÷HUOHULQH�oÕNÕOPDVÕQGDQ�GROD\Õ��Lo�\DSÕGDNL�NDOÕQWÕ�
JHULOPHOHU��PDO]HPHGH�oDWODN�\DGD�NÕUÕOPD�ROXúPDVÕQD�QHGHQ�RODELOPHNWHGLU��%|\OH�
ELU� GXUXPD� PH\GDQ� YHUPHPHN� LoLQ� PDO]HPHQLQ� \DSÕVÕQGDNL� NDOÕQWÕ� JHULOPHOHU�
W�P�\OH� JLGHULOPHOL� \DGD� HQ� D]ÕQGDQ� PLQLPXP� G�]H\H� LQGLULOPHOLGLU�� .ÕVDFDVÕ�
HUR]\RQ� LOH� NHVLOHFHN� ELU� PDO]HPH\H� VHUWOHúWLUPH� LúOHPL� VRQUDVÕ� HQ� D]� �o�PHQHYLú�
X\JXODQPDOÕGÕU��%XUDGD�\DSÕODQ����PHQHYLú�LúOHPL��JHULOLP�JLGHUPH\H�\|QHOLN�ROGX÷X�
LoLQ� PDO]HPHQLP� LNLQFL� PHQHYLúWHQ� VRQUDNL� VHUWOLN� GH÷HULQL� GH÷LúWLUPH\HFHN� ELU 
VÕFDNOÕNWD�\DSÕOPDOÕGÕU�>�@�� 
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III.4. .(60(�3$5$0(75(/(5ø1ø1�7$<ø1ø 
 

 <DSÕODQ�GHQH\OHUGH��J�o��WLPH�RII�V�UHVL�YH�JHULOLP�GH÷LúNHQ�RODUDN�DOÕQÕUNHQ��
GLHOHNWULN�EDVÕQFÕ� �WHO� LOHUOHPH� KÕ]Õ�� WHO� JHUJLQOL÷L� YH� WHO� oDSÕ� VDELW� RODUDN�
aOÕQPÕúWÕU�� 'LHOHNWULN� VÕYÕVÕ� RODUDN� VDI� VX� NXOODQÕOPÕúWÕU�� .HVPH� LúOHPOHULQLQ�
WDPDPÕQGD�oHNPH�PXNDYHPHWL�����1�PP2�RODQ������PP�oDSÕQGD�&X=Q���8QFRDWHG�
%UDVV� RODUDN� DGODQGÕUÕODQ� SLULQo� WHO� NXOODQÕOPÕúWÕU�� 6HUWOHúWLUPH� J|UP�ú� YH� ��
PHQHYLúWHQ�JHoLULOHQ����PP�\�NVHNOL÷LQGHNL������VR÷XN�Lú�WDNÕP�oHOL÷L�LoLQ�NHVPH�
SDUDPHWUHOHUL�7DEOR�,,,��¶GH�YHULOPLúWLU� 
 

Tablo III.2��'HQH\OHUGH�.XOODQÕODQ�.HVPH�3DUDPHWUHOHUL�YH�'H÷HUOHUL 
Deney Parametreleri 'H÷HUOHUL 
Güç  9, 11 

Time Off 4, 6 

Voltaj 130, 160 

Servo 30 

DieleNWULN�VÕYÕ�S�VN�UWPH�EDVÕQFÕ 31 

7HO�JHUJLQOL÷L 16 

7HO�LOHUOHPH�KÕ]Õ 8 

)LQLú OFF 

Çevirim OFF 

.|úH�'R÷UXODPD 1 

 

 

 .HVPH� LúOHPOHULQGHQ� VRQUD� NHVLOHQ� SDUoDODU� |]HO� WHPL]OHPH� VÕYÕVÕ\OD�
temizlenip D\UÕ�D\UÕ�RODUDN�DPEDODMODQPÕúWÕU�� 
 

III.5. .(6ø/(&(.�3$5d$�ù(./ø1ø1�7$<ø1ø 
 

 'HQH\OHUGH�� NHVPH� NDOÕSODUÕQGD� VÕNOÕNOD� NXOODQÕODQ� GR÷UXVDO� YH� GDLUHVHO�
forPODUÕQ� ELUOLNWH� NXOODQÕOGÕ÷Õ� SDUoD� IRUPX� VHoLOPLúWLU�� 2SWLN� WDUDPD� VRQXQGD�
YHULOHULQ� VD÷OÕNOÕ� RODELOPHVL� LoLQ� SDUoD� \�NVHNOL÷L� ���PP� RODUDN� VHoLOGL��Kesilecek 

paroDQÕQ�úHNOL�ùHNLO�,,,��¶GH�YHULOPLúWLU� 
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ùHNLO�,,,�5. Deneylerde Kesilecek Parça Formu 

 

 

 .HVLOHFHN� SDUoDQÕQ� úHNOL� EHOLUOHQGLNWHQ� VRQUD� WDNÕP� \ROX� KD]ÕUODQPÕúWÕU��
7DNÕP�\ROX�DOWWD�YHULOPLúWLU�� 
 

PROGNAME zimba 

LOAD TECH ONA:s_St25LT.tec 

ABS 

METR 

OFFSET 0 

TRAV X0 Y0 U0 V0 Z0 

COOR X0 Y0 U0 V0 Z0 THICK 100. 

TECH THICK 100. CRIT 0 

AWF 
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COMP RIGHT 

COMP 0 

INTL X0 Y0 

INTL Y-5. 

INTL X-20.5 

INTC+ X-20.5 Y-15. CX0 CY-5. 

INTL X20.5 

INTC+ X20.5 Y-5. CX0 CY5. 

INTL X0 

STOP 

INTL Y0 

INTL 

COMP OFF 

END  

 

 Parçalar kesildikteQ� VRQUD� RSWLN� WDUDPD� VLVWHPL� LOH� WDUDQGÕ� SDUoDODUÕQ� QRNWD�
EXOXWX�HOGH�HGLOGL��%X�QRNWD�EXOXWODUÕQGDQ�\DUDUODQÕODUDN�\�]H\OHU�EXOXQGX� 
 

III.6. 237ø.�7$5$0$�6ø67(0/(5ø 
 

�'� VD\ÕVDOODúWÕUPD� �� WDUDPD� VLVWHPOHUL� LNL� DQD� JUXED� D\UÕOÕU�� GRNXQPDOÕ� YH�
GRNXQPDVÕ]� VLVWHPOHU�� 'RNXQPDOÕ� \D� GD� GL÷HU� DGÕ\OD� SURE¶OX� VLVWHPOHU�� PHNDQLN�
NROOX�VLVWHPOHU�YH�&00¶GLU��%LUNDo�HNVHQOL�PHNDQLN�NROXQ�XFXQD�WDNÕOPÕú�ELU�|Oo�P�
SUREX� VD\HVLQGH�� NRRUGLQDWODUÕ� LVWHQHQ� QRNWD\D� GRNXQGXUXODQ� SURE� LOH� QRNWDQÕQ�
NRRUGLQDWODUÕ�KDVVDV�ELoLPGH�|Oo�O�U��%X�VLVWHPOHUOH�\�]H\�ELOJLVL�GH÷LO�LVWHQHQ�EHOLUOL�
VD\ÕGD�QRNWDQÕQ�NRRUGLQDWODUÕ�HOGH�HGLOHELOPHNWHGLU� 
 

'RNXQPDVÕ]�RSWLN�VLVWHPOHUOH�VHUEHVW�IRUPOX�\�]H\�ELOJLVL�HOGH�HGLOPHVL�KHP�
�U�Q�JHOLúWLUPH��WHUVLQH�P�KHQGLVOLN�YH�NDOLWH�NRQWURO�LúOHPOHUL��]HULQH�X]PDQODúPÕú�
P�KHQGLVOLN� RILVOHUL�� KHP� GH� E�\�N� HQG�VWUL� NXUXOXúODUÕQÕQ� WDVDUÕP� YH� �U�Q�
JHOLúWLUPH��NDOLWH�NRQWURO��NDOÕSKDQH�YV��JLEL�GHSDUWPDQODUÕ�LoLQ�|QHP�DU]�HWPHNWHGLU��
Bu sistemlerle tüm yüzey formu çok yüksek hassasiyetle elde edilmekte ve CAD 

mRGHOLQ�ROXúWXUXOPDVÕ��KÕ]OÕ�SURWRWLSOHPH�YH�&1&¶GH�LúOHQPH�LúOHPOHULQH�KD]ÕU�KDOH�
gelmektedir. 
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'RNXQPDVÕ]� VLVWHPOHULQ� oRN� oHúLWOL� WLSOHUL� YH� KHU� ELULQLQ� IDUNOÕ� NXOODQÕP�
DODQODUÕ� ROPDNOD� ELUOLNWH�� OD]HU� oL]JLOL� VLVWHPOHU� YH� \DSÕOÕ� ÕúÕN� GHVHQOL� �Õ]JDUD�
projeNVL\RQX��IULQJH��VLVWHPOHU�\D�GD� WRSRJUDPHWULN�VLVWHPOHU��NXOODQÕPÕ�GL÷HUOHULQH�
J|UH�GDKD�\D\JÕQ�RODQODUÕGÕU� 

 

'RNXQPDVÕ]� RSWLN� WDUDPD� VLVWHPOHULQGHQ� OD]HU� oL]JLOL� VLVWHPOHU�� FLVPLQ�
�]HULQH�ELU�OD]HU�NHVLWL�G�ú�U�OPHVL�YH�EX�NHVLWLQ�FLVPLQ��]HULQGH�KDUHNHW ettirilmesi 

SUHQVLEL� LOH� oDOÕúÕUODU�� gOo�P�PHWRGX� OD]HU� NHVLWLQLQ� FLVLP� �]HULQGH� GHIRUPDV\RQD�
X÷UDPDVÕ� YH� EX� GHIRUPDV\RQ� ELOJLVLQLQ� GLMLWDO� NDPHUD� YDVÕWDVÕ� LOH� DOÕQPDVÕ�
úHNOLQGHGLU�� 3RUWDWLI� HOOH� WDúÕQDQ� PRGHOOHU� ROGX÷X� JLEL� PHNDQLN� NRO� XFXQD�
ED÷ODQDQODUÕ� GD� YDUGÕU�� $\UÕFD� URERW� NROXQD� ED÷ODQDUDN� |Oo�P� RWRPDWLN� KDOH� GH�
getirilebilir. Bu sistemlere bir örnek Steinbichler T-6&$1� RODUDN� YHULOHELOLU� �ùHNLO�
,,,����� 3RUWDWLI� ELU� VLVWHP� ROPDVÕQGDQ� |W�U�� VD\ÕVDOODúWÕUÕODFDN� �U�QOHU� NHQGL�
RUWDPODUÕQGD� WDUDQDELOPHNWHGLU��%|\OHOLNOH�]DPDQ�DODQ� WDUDPD�|QFHVL�KD]ÕUOÕNODU�VDI�
GÕúÕ�EÕUDNÕOPÕú�ROXU��'HQH\LPVL]�NLúLOHULQ�ELOH�NXOODQDELOHFH÷L�EX�VLVWHPOH�ER\D�IÕUoDVÕ�
LOH� ER\D� \DSDU� JLEL� KDUHNHW� HWWLULOHUHN� LOH� WDUDPD� \DSÕOPDNWD� YH� WDUDPD� HVQDVÕQGD�
PRQLW|UGHQ�JHUoHN�]DPDQOÕ�RODUDN�L]OHQHELOPHNWHGLU�����PP
OLN�WDUDPD�JHQLúOL÷L� LOH�
E�\�N�FLVLPOHULQ�WDUDQPDVÕQD�LPNDQ�WDQÕPDNWDGÕU� 

 

 

ùHNLO�,,,��� Steinbichler T-SCAN Lazer Kesitli Tarama Sistemi 
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'RNXQPDVÕ]�RSWLN�WDUDPD�VLVWHPOHULQGHQ�\DSÕOÕ� ÕúÕN�GHVHQOL��'�RSWLN�WDUDPD�
sistemleriQLQ�GH÷LúLN�GL]D\Q�WLSOHUL�PHYFXWWXU��7HN�NDPHUDOÕ��oLIW�NDPHUDOÕ��DVLPHWULN�
oLIW� NDPHUDOÕ� VLVWHPOHU� JLEL�� 7�P�EX� VLVWHPOHUGH� J�oO�� ELU� KDORMHQ� ÕúÕN� ND\QD÷Õ� LOH�
FLVPLQ� �]HULQH� IDUNOÕ� GRNXVDO� |]HOOLNOHUL� RODQ� IULQJH¶OHU� G�ú�U�O�U�� &LVPLQ� \�]H\L�
üzerinde bu NRGODQPÕú�\DSÕOÕ�ÕúÕNODU��FLVPLQ�úHNOLQLQ�NDUDNWHULVWLN�|]HOOLNOHULQH�J|UH�
GHIRUPDV\RQD� X÷UDU�� 3URMHNVL\RQ� VLVWHPL� LOH� |]HO� ELU� DoÕ� \DSDFDN� úHNLOGH�
\|QOHQGLULOPLú�\�NVHN�o|]�Q�UO�NWHNL�ELU�NDPHUD�VLVWHPL�LOH�EX�GHIRUPDV\RQ�ELOJLOHUL�
DOÕQÕU� QRNWD� EXOXWX� ROXúWXUXOXU�� %X� VLVWHPOHU� VD\HVLQGH� oRN� VD\ÕGD� QRNWDQÕQ�
(~1,000.000) NRRUGLQDWÕ� oRN� NÕVD� ]DPDQGD� |Oo�O�U��%|\OHOLNOH� FLVPLQ� \�]H\� IRUPX�
ELOJLVLQL�LoHUHQ�QRNWD�EXOXWX�ROXúWXUXOPXú�ROXU��%XQGDQ�VRQUD�ELU�WHUVLQH�P�KHQGLVOLN�
X\JXODPDVÕ�RODQ�QRNWD�EXOXWXQGDQ�&$'�PRGHOOHPH�LúOHPL�P�PN�Q�ROPDNWDGÕU� 
 

7HN�NDPHUDOÕ�VLVWHPOHUGH�ELU�SURMHNVL\RQ�FLKD]Õ�YH���GLMLWDO�NDPHUD�DUDODUÕQGD�
EHOOL�ELU�DoÕ�\DSDFDN�úHNLOGH�NRQXPODQGÕUÕOPÕúWÕU��%X�DoÕ\D��oJHQOHPH�DoÕVÕ�GHQLU��%X�
DoÕ� VD\HVLQGH� QRNWDODUÕQ� NRRUGLQDWODUÕ� WULJRQRPHWULN� Kesaplarla elde edilir. 

%UHXFNPDQQ� YH� 6WHLQELFKOHU� VLVWHPOHUL� WHN� NDPHUDOÕ� \�NVHN� WHNQRORML\H� VDKLS�
VLVWHPOHU� ROXS� X\JXODPD� DODQÕQD� J|UH� IDUNOÕ� J|U�ú� DODQODUÕQD� VDKLS� OHQVOHU� VXQDUDN�
GH÷LúLN�HEDWWDNL�FLVLPOHULQ�VD\ÕVDOODúWÕUÕOPDVÕQÕ�P�PN�Q�NÕOPDNWDGÕU��ùHNLl III.7.). 

 

 

ùHNLO�,,,����Steinbichler COMET IV Tek KDPHUDOÕ Optik Tarama Sistemi 
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dLIW� NDPHUDOÕ� VLVWHPOHUGH� RUWDGD� EXOXQDQ� SURMHNVL\RQ� FLKD]Õ� LOH� HúLW� YH\D�
IDUNOÕ�DoÕ�\DSDFDN�úHNLOGH�NRQXPODQGÕUÕOPÕú���NDPHUD�EXOXQPDNWDGÕU��øNL�NDPHUDQÕQ�
da ortak olarak J|UG�÷�� E|OJH� HVDV� |Oo�P� E|OJHVLGLU�� %UHXFNPDQQ� ILUPDVÕQÕQ�
JHOLúWLUGL÷L� DVLPHWULN� oLIW� NDPHUDOÕ� VLVWHP� LVH� RUWDGD� EXOXQDQ� SURMHNVL\RQ� FLKD]Õ� LOH�
IDUNOÕ� LNL�DoÕ�\DSDFDN�úHNLOGH�NRQXPODQGÕUÕOPÕú���NDPHUD�EXOXQXU� �ùHNLO� ,,,������%X�
DVLPHWULN�WDVDUÕP�LOH���WDQH��oJHQOHPH�DoÕVÕ�HOGH�HGLOPLú�ROXS�GHWD\ODUÕQ�GDKD�KDVVDV�
|Oo�OPHVL�YH�J|U�ú�NDSDVLWHVLQLQ�DUWWÕUÕOPDVÕ�JDUDQWL�HGLOPLú�ROXU�>8]. 

 

 

ùHNLO�,,,����$VLPHWULN�<HUOHúWLULOPLú�dLIW�.DPHUDOÕ�6istem (Breuckmann STEREOSCAN) 

 

 

 

 

ùHNLO�,,,��.�7HN�9H�dLIW�.DPHUDOÕ�Sistem 
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ùHNLO�,,,�����$VLPHWULN�<HUOHúWLULOPLú�dLIW�.DPHUDOÕ�6istem 

 

III���� .(6ø/(&(.� 3$5d$/$5,1� 237ø.� 7$5$0$� 6ø67(0ø� ø/(�
TARANMASI 

 

 Tel erozyonda kesilen parçalar Breuckmann optoTOP-HE optik tarama 

VLVWHPLQGH�WDUDQGÕ��ùHNLO�,,,�������'DKD� sonra nokta bulutu verileri elde edildive bu 

QRNWDODUGDQ�\DUDUODQÕODUDN�\�]H\OHU�HOGH�HGLOGL��%XOXQDQ�EX�\�]H\OHU�&$'�SURJUDPÕ�
\DUGÕPÕ\OD� DQDOL]L� \DSOÕGÕ� YH� GH÷LúLN� NHVPH� SDUDPHWUHOHULQH� ED÷OÕ� RODUDN� \�zey ve 

NRQXP�WROHUDQVODUÕ�LUGHOHQGL� 
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ùHNLO�,,,����  THO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�2SWLN�7DUDPD�6LVWHPLQGH�7DUDQPDVÕ 
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 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�Düzlemsellik�7ROHUDQVÕ: 0,015mm 
 
 
 
 

 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'LNOLN�7ROHUDQVÕ: 0,06º 
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 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�ùHNLO�7ROHUDQVÕ�������mm 
 
 

 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'�]OHPVHOOLN�7ROHUDQVÕ�������PP 
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ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]Hy AnDOL]L�'LNOLN�7ROHUDQVÕ������º 
 
 

 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�ùHNLO�7ROHUDQVÕ�������PP 
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ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'�]OHPVHOOLN�7ROHUDQVÕ�������PP 
 

 ùHNLO�,,,���.  Tel Erozyonda KesilHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'LNOLN�7ROHUDQVÕ������� 
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 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�ùHNLO�7ROHUDQVÕ������mm 
 
 

 
 

ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'�]OHPVHOOLN�7ROHUDQVÕ�������PP 
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ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'LNOLN�7ROHUDQVÕ������� 
 
 

 
 
 

ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�ùHNLO�7ROHUDQVÕ������PP 
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 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'DLUHVHOOLN�7ROHUDQVÕ����049mm 
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 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'DLUHVHOOLN�7ROHUDQVÕ�������PP 
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 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'DLUHVHOOLN�7ROHUDQVÕ�������PP 
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 ùHNLO�,,,���.��7HO�(UR]\RQGD�.HVLOHQ�3DUoDODUÕQ�<�]H\�$QDOL]L�'DLUHVHOOLN�7ROHUDQVÕ�������PP 
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BÖLÜM IV 

 
SONUÇLAR 

 

 <DSÕODP� �� DGHW� GHQH\� oDOÕúPDVÕ� QHWLFHVLQGH� HOGH� HGLOHQ� G�]OHPVHOOLk 

WROHUDQVÕ�� GLNOLN� WROHUDQVÕ�� úHNLO� WROHUDQVÕ� YH� GDLUHVHOOLN� WROHUDQVÕ verileri Tablo 

,9���¶GH�D\UÕQWÕOÕ�RODUDN�YHULOPLúWLU�� 
 
7DEOR�,9����.HVLOHQ�øú�3DUoDODUÕQÕQ�'HQH\�6RQXoODUÕ 
 

Deney 
No Güç Time Off Voltaj 

Düzlemsellik 
7ROHUDQVÕ 

Diklik 
7ROHUDQVÕ 

Boyut 
7ROHUDQVÕ 

Dairesellik 
7ROHUDQVÕ 

1 11 4 160 0,019 0,080 0,013 0,049 

2 11 4 130 0,015 0,060 0,008 0,042 

3 11 6 160 0,014 0,028 0,081 0,067 

4 11 6 130 0,011 0,022 0,074 0,062 

5 9 4 160 0,009 0,032 0,040 0,073 

6 9 4 130 0,004 0,030 0,020 0,062 

7 9 6 160 0,004 0,012 0,015 0,081 

8 9 6 130 0,003 0,010 0,010 0,072 

 
 
 Deneyler \DSÕOÕUNHQ�VHUYR�GH÷HUL�����GLHOHNWULN�VÕYÕ�S�VN�UWPH�EDVÕQVÕ����EDU��
WHO�JHUJLQOL÷L�����WHO�LOHUOHPH�KÕ]Õ��P�GDN��ILQLú�JH÷HUL�RII��oHYULP�GH÷HUL�RII�YH�N|úH�
GR÷UXODPD� GH÷HUL� �� RODUDN� DOÕQPÕú� YH� GHQH\OHU� ER\XQFD� VDELW� WXWXOPXúWXU�� $\UÕFD�
RUWDP� VÕFDNOÕ÷Õ�� NRQWDNW|U� DúÕQPDODUÕ�� GLHOHNWULN� VÕYÕVÕ� WHPL]OL÷L�� UHçine seviyesi, 

GLHOHNWULN�VÕYÕVÕ�VÕFDNOÕ÷Õ�JLEL�HWNHQOHU�VDELW�NDEXO�HGLOPLúWLU�� 
 

 7DEOR� ,9���¶GHQ� GH� DQODúÕODFD÷Õ� JLEL� J�o� YH� WLPH� RII� VDELW� NDOÕUNHQ� YROWDMÕQ�
DUWPDVÕ� ER\XW� WROHUDQVÕQÕQ� DUWPDVÕQD� VHEHS� ROPXúWXU�� '�]OHPVHOOLN, dairesellik ve 

diklik toleraQVÕQD�HWNLVL�LKPDO�HGLOHFHN�NDGDU�D]GÕU�  
 

 7LPH� RII� YH� YROWDM� VDELW� NDOÕUNHQ� J�F�Q� DUWPDVÕ� WROHUDQVODUÕ� JHQHO� RODUDN�
DUWWÕUPÕúWÕU�� 7LPH� RII¶XQ� G�ú�S� J�F�Q� DUWPDVÕ� boyut� WROHUDVÕQÕ� ROXPOX� \|QGH�
HWNLOHPLúWLU�� $\UÕFD� J�F�Q� DUWPDVÕ\OD� G�]OHPVHOOLN� WROHUDQVÕQÕQ� GD� DUWWÕ÷Õ� LIDGH�
edilebilir. 
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 *�o� YH� YROWDM� VDELW� NDOÕUNHQ� WLPH� RII¶XQ� DUWPDVÕ� G�]OHPVHOOLN� YH� GLNOLN�
WROHUDVODUÕQÕ� D]DOWPÕúWÕU�� 9ROWDM� VDELW� NDOÕUNHQ� J�o�Q� \�NVHOPHVL� ER\XW� WROHUDQVÕQÕQ�
DUDOÕ÷ÕQÕ�DUWWÕUPÕúWÕU� 
 

 %XQODUD�ED÷OÕ�RODUDN�J|U�O�\RUNL�J�F�Q�D]DOPDVÕ�WROHUDQVODUÕ�FLGGL�ELU�úHNLOGH�
G�ú�UP�ú��WLPH�RII¶XQ�DUWPDVÕ�WROHUDQVODUD�ROXPOX�\|QGH�HWNLOHUL�ROPXúWXU��9ROWDMÕQ�
JHQHO�RODUDN�G�ú�N�ROPDVÕ�WRHUDQVODUÕ�ROXPOX�\|QGH�HWNLOHPLúWLU� 
  

 

 

*�o������7LPH�2II���

�����
�����
�����
�����
�����
�����
�����
�����
�����
�����

� �� ��� ��� ���
YROWDM

'�]OHPVHOOLN
7ROHUDQVÕ
'LNOLN�7ROHUDQVÕ

%R\XW�7ROHUDQVÕ

'DLUHVHOOLN�7ROHUDQVÕ

 
 

ùHNLO�,9�����9ROWDMÕQ�7ROHUDQVODUD Etkisi Güç 11, Time Off 4 
 
 
 
 



 60 

*�o�����7LPH�2II���

�����
�����
�����
�����
�����
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�����
�����
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�����

� �� ��� ��� ���
9ROWDM

'�]OHPVHOOLN
7ROHUDQVÕ
'LNOLN�7ROHUDQVÕ

%R\XW�7ROHUDQVÕ

'DLUHVHOOLN�7ROHUDQVÕ

 
 

ùHNLO�,9��. �9ROWDMÕQ�7ROHUDQVODUD�(Wkisi Güç 11, Time Off 6 
 
 

 
 

*�o�����7LPH�2II���

�����
�����
�����
�����
�����
�����
�����
�����
�����

� �� ��� ��� ���
9ROWDM

'�]OHPVHOOLN
7ROHUDQVÕ
'LNOLN�7ROHUDQVÕ

%R\XW�7ROHUDQVÕ

'DLUHVHOOLN�7ROHUDQVÕ
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BÖLÜM V 

 
7$57,ù0$�9(�'(ö(5/(1'ø50(/(5 

 
 
 7HO� HUR]\RQ� LOH� NHVLPLQ� HQ� |QHPOL� SDUDPHWUHOHULQGHQ� RODQ� úHNLO� YH� ER\XW�
WROHUDQVODUÕ� FLGGL\HWOH� LQFHOHQPHOLGLU��%X�QHGHQ�GR÷UXOWXVXQGD� \DSÕODQ� GHQH\OHUGHQ�
LPDODW�VHNW|U��LoLQ�oRN�FLGGL�YHULOHU�HOGH�HGLOPLúLWU� 
 

 %LUELUL��]HULQGH�oDOÕúDQ�PDNLQH�HOHPDQODUÕQÕQ�GDKD�X]XQ�|P�UO��RODELOPHOHUL�
için üzeriQGH� KDVVDVLWHWOH� GXUXODQ� úHNLO� YH� NRQXP� WROHUDQVODUÕQÕQ� isteniOHQ� GH÷HUOHU�
DUDVÕQGD�RODELOPHVL� LoLQ�VHoLOHQ�NHVPH�SDUDPHWUHOHULQGHQ�J�o�Q�HQ�HWNLOL�SDUDPHWUH�
ROGX÷X� J|U�OP�úW�U�� $\UÕFD� WLPH� RII� GH÷HULQGHNL� DUPDGDQ� ND\QDNODQDQ� ROXPOX�
HWNHQOHU�GH�J|]OHPOHQPLúWLU��9ROWDMÕQ�HWNLOHUL�GL÷HU�EX�LNL�SDUDPHWUH\H�J|UH�GDKD�D]�
etkilidi.  

 

 Elde edilen bu bulgular teknolojik anlamda bir yenilik olmasada istenilen 

WROHUDQV� DUDOÕ÷ÕQGDNL� LPDODWODU� LoLQ� \DUGÕPFÕ� ND\QDN� RODFDNWÕU�� øPDODW� VHNW|U�QGHNL�
\HQLOLNOHUOH� WHO� HUR]\RQOD� LPDODW� \|QWHPLGH� KÕ]OD� JHOLúHFHN�� PDOL\HW� G�ú�UPH�
DQODPÕQGD�NDWNÕODUÕ�RODFDNWÕU� 
 

 g]HULQGH� GLNNDWOH� GXUXOPDVÕ� JHUHNHQ�ELU� NRQX� GD� NHVPH�SDUDPHWUHOHULQGHNL�
VHoLPLQ� \LQHGH� WHFUXEH\H� GD\DQDUDN� VHoLOPHVL� JHUHNWL÷LGLU�� 7HRULN� RODUDN� \DSÕODQ�
oDOÕúPDODUÕ�SUDWLNWH�GH�GHVWHNOH\LFL�GHQH\LPOHUH�LKWL\DF�YDUGÕU�� 
 

<DSÕODQ� GHQH\� oDOÕúPDODUÕ� VRQXFXQGD� NHVLOHQ� SDUoD�� IDUNOÕ� NHVPH�
SDUDPHWUHOHULQH� ED÷OÕ� RODUDN� GH÷LúWL÷L� WHVSLW� HGLOPLúWLU�� %XQD� ED÷OÕ� RODUDN� NHVLOHQ�
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SDUoDODUÕQ�� EHNOHQHQ� |]HOOLNOHUH� J|UH� X\JXQ� SDUDPHWUHOHULQ� VHoLOPHVL� JHUHNWL÷L�
VRQXFXQD�YDUÕOPÕúWÕU� 
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