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ÖZET
�5� /"#*(!"."� 1,�� ,&6"&6*+� 9"4"� "�"K*&*&� 'J� 4 � 505!#5� )"&"7#"�*&*&��
MSC®/PATRAN ve MSC®H���
���� )5##"&*#"�")� 0"<*#"&� 0"<*6"#� 7"6"�*!#"�*��
0"<*6"#� "&"#,+# �,� 4 � 15� 7"6"�*!#"�*&� . & 06 #� �#"�")� .�;�5#"&!"6*�
"&#"7*#!")7".*���

Anahtar Kelimeler: �&6"&6*+� 3"4"� ��"K*�� �"<*6"#� 7"6"�*!�� �"<*6"#� "&"#,+��
� & 06 #�.�;�5#"!"

ABSTRACT
This study presents the structural design and analysis aspects of an 
unmanned aerial vehicle wing having mission adaptive characteristics. After 
detailing the structural design and analysis studies by using MSC®/PATRAN 
and MSC®/NASTRAN package programs; the study also presents some 
experimental studies conducted  for the verification of the theoretical modelling 
and the relevant results. 

Keywords: Unmanned Aerial Vehicle, Structural design, Structural analysis, 
Experimental verification

0������.
�5�/"#*(!"."�1,��,&6"&6*+�9"4"�"�"K*&*&�'J� 4 �505!#5�)"&"7#"�*�7"6"�#"&!*(
[1] 4 � ,&K # &!,(7,��� �/5(� ! )"&,;,� "&"#,+# �,� 6�&5K5� 1�057#"&.*�*#"&� )"&"7
7"(*0*K*� )*6!*� %torque-box) MSC®/PATRAN [2] )5##"&*#"�")� 7"6"�#"&!*(� 4 �
MSC®/NASTRAN [3] kullan*#"�")� ,&K # &!,(7,��� �"9"� 6�&�"� 
���� 
�����
3"4"K*#*)�4 ��+"0��"&"0,,������ 7"�"�*&."&�8� 7,# &�1,r ". 7�6";�)"&"7�7"(*0*K*�
)*6!*�Bruel&Kjaer PULSE [4] 6,67 !,�)5##"&*#"�")�. & 06 #��#"�")� ,&K # &!,(�
4 �)"�(*#"(7*�!"#*�� +�&"&6��� )"&6*�4 �7,7� (,!�1,/,!,�6�&5/#"�*�4 �,#!,(7,���
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2. KANADIN YAPISAL TASARIMI
�"&".*&� 0"<*6"#� 7"6"�*!* MSC®/PATRAN <") 7� <��'�"!*� )5##"&*#"�")�
0"<*#!*(7*��� �"&"7� .J�7� "&"� 0"<*6"#� eleman grubundan �#5(!")7".*��� �5&#"��
),�,(# ��� 6,&,�# ��� )J( 1 &7# � ve kabuktur. �,�,(# ��� gövde (web) ve flanjlar
(flange-� �#!")� 8+ � � ,),� 1J#8!. &� �#5(!")7".*��� �,�,(� 'J4. 6,� 4 � 1u
gruplardaki .,; �� 78! 0"<*6"#� elemanlar 2-boyutlu yüzeyler olarak 
!�. ## &!,(7,�� �,�,(� �#"&:#"�*&."� ,6 � ' �! 7�,)� !�. ## ! � )5##"&*#!"!*(7*���
� ),## �� S-3 bu  # !"&� '�5<#"�*n."&� 6*�"6*0#" ),�,( gövdelerini, sinirleri ve 
)J( 1 &7# �,� göstermektedir. � ),#ler 4 ve 5 ise 6*�"0#"� 78!� modelin iç ve
)"15;5& ."� )# &.,;,�.*( görünümlerini vermektedir. 

.�12��1. �"&"77"�7"6"�#"&"&�),�,( gövdelerinin geometrik modeli 

(a)                                                            (b)

.�12��2. (a) Kanatta tasarlanan sinirlerin geometrik modeli                                                       
(b) Bir s,&,��' �! 7�,6,&,&�0")*&."&�görünümü  

.�12��3. �"&"77"�7"6"�#"&"&�)J( 1 &7# �,&�geometrik modeli
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.�12��6� �"&"7�7"(*0*K*�)*6!*&*&�' �! 7�,)�!�. #,&,&�,/�'J�8&8!8

.�12��5. Kanat 7"(*0*K*�)*6!*&*&�geometrik modelinin .*(�'J�8&8!8

�"&"7� 8� 7,!,�  6&"6*&."� k,�,(# � için 6�;5)� / )! � 0J&7 !,� ,# � 8� 7,#!,(�
Alüminyum 7075-T651 9"+*�� ) 6,7# �� )5##"&*#!*(7*��� �J( 1 &7# �,&� 0"<*!*&."�
da, 1"()"� ) 6,7� J+ ##,)# �,& � 6"9,<, "0&*� !"#+ ! � )5##"&*#!*(7*��� �,&,�# ��
Alüminyum 2024-
C� <#")"."&� G�  )6 &#,� $�$� 7 +'"9� )5##"&*#"�")� ) 6,#!,(7,���
Kabuk için ise 7781 örgü tipi cam elyaf ve LY5052 reçine malzemesi 
6 /,#!,(7,�� Tablo 1 )5##"&*#"&�!"#+ ! # �,&�J+ ##,)# �,&,�4 �! )7 .,���

Tablo 1. �"<*6"#�<arçalara ait malzeme bilgisi

-�A?&���"��C� Malzeme 
�,�,(# � Alüminyum 7075-T651
Sinirler Alüminyum 2024-T3
�J( bentler Alüminyum 7075-T651
Kabuk 7781 Cam-Elyaf LY5052 Reçine

S�&#5�  # !"&#"�� !�. #,� )8/8)� ";� 0�;5&#5;5� (fine-mesh) )5##"&*#"�")�
�#5(75�5#!5(75��� 1-1�057#5� ),�,(�  # !"&#"�� )5##"&*#"�")� �#5(75�5#!5(� ),�,(�
�#"&:#"�*� .*(*&."),� 78!� 0"<*6"#� <"�/"#"�� 2-boyutlu kabuk elemanlarla 
!�. ## &!,(7,��� Modellenen p �/,&# �,&� .,� &' &#,)# �,� /�)#5� &�)7"� )*6*7#"!"#*�
elemanlar (multi-point-constraint) )5##"&*#"�")� !�. ## &!,(�� ";*�#*)#"�*� ,6 �
50'5#"&.*)#"�*�1J#' # � �0"<*6"#�J+ ##,)�7"(*!"0"&�";*�#*)�(non-structural mass)
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!�. ## ! �7 )&,;,0# � )# &!,(7,���K"&"7�' �! 7�,)�!�. #,�8+ �,&. ��#5(75�5#"&
7�<#"!."� SOPBF� .8;8!� &�)7"6*&."� ODSSP� 6 �1 67#,)� . � K 6,& � 6"9,< ";
� ),#�6’ da 'J67 �,#!,(7,� 4 � # !"&�. 7"0#"�*�
"1#��G�. �65&5#!5(75��

.�12��6. Kanat 7"(*0*K*�)*6!*&*&�sonlu elemanlar modeli

Tablo 2. Sonlu elemanlar modeline ait eleman bilgisi

Eleman Türü Eleman Topolojisi Adet
1-boyutlu ),�,( Bar2 668
2-boyutlu kabuk Quad4 17439
2-boyutlu kabuk Tria3 33
Ç�)#5�&�)7"�)*6*7#"!"#*�(MPC) RBE2 1650

Sonlu elemanlar analizi için s*&*��)�(5##"�*��#5(75�5#5�) &, imal edilen )"&".*&�
. & 0� .8+ & ;,& � !�&7":*� 7 ! #� "#*&!*(7*��� Kanat, gerçekte, deney 
.8+ & ;,& � her bir ),�,(,&. � .J�. �� &�)7"."&� K*4"7"#"&"�")� 1";#"&!*(7*��� �5�
K*4"7"#"�� 6�&#5�  # !"&#"�� !�. #,&. � �� 1J#' 0 � )"�(*#*) ' # &� .8;8!�
&�)7"#"�*&."� 78!�  )6 &# �. ),� 0 �� . ;,(7,�! � 4 � .J&8( serbestlik dereceleri 
6*�*�#"&"�")� !�. ## &!,(7,��� �"&"7� )J)8& � 50'5#"&"&� 15� 6*&*�� )�(5#5&5&�
0")*&#"(7*�*#!*(�'J�8&8!8�� ),#�7’de 4 �,#!,(7,�. 

.�12��7. Kanat s*&*��k�(5##"�*&*&�6�&#5� # !"&#"��!�. #,
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3. KANA
�
�.�-�������	���� -�"���������� �
#5(75�5#"&� 6�&#5�  # !"&#"�� !�. #,� MSC®/NASTRAN <") 7� <��'�"!*� .�;"#�
frekans analiz modülü (natural frequency analysis module 103) )5##"&*#"�")�
,&K # &!,( ve 0-100 [Hz] "�"#*;*&."),� .�;"#� �� )"&6lar Tablo 3’ de 
65&5#!5(75��� � ),#�8 ise ilk ti7� (,!�1,/,!,&,�'J67 �! )7 .,��

Tablo 3. Kanat 7"(*0*K*�)*6!*&*&�sonlu elemanlar yöntemi ile bulunan .�;"# �� )"&6#"�*


2'��<im Biçimi Sonlu Elemanlar Yöntemi 
�#B���;��1��&�[Hz]

Düzleme dik 1. e;,#! 14.90
Düzlemsel 1. e;,#! 50.16
1. Burulma 63.30
Düzleme dik 2. e;,#! 93.00

.�12��8. Kana7�7"(*0*K*�)*6!*&*&�düzleme dik 1. e;,#! �t,7� (,!�biçimi (14.90 [Hz]) 

4. KANAT T�.�-�������	���� -���
�
��.�	�
��
����
Deneyler için k"&".*&� 7"(*0*K*� )*6!*� 8+ �,&. AC� J#/8!� &�)7"6*� kanat 
,/0"<*6*&*��#5(75�"&�6,&,��4 �),�,(# �,&�15#5&.5)#"�*�1J#' # ��'J+�J&8& �"#*&"�")�
1 #,�# &!,(tir (1-63). @#/8!�&�)7"#"�*&"� )��#"�")� )"&".*&� 6"1,7# &.,;,� 0 �# �,�
7"&*!#"0"&�F�"0�*�&�)7"�."�%AF-AE-�15#5&!")7".*�� � ),#�9 tüm bu &�)7"#"�*&*�
göstermektedir.
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.�12��9: �"&"7�7"(*0*K*�)*6!*&*&�J#/8!�&�)7"#"�*�  

Testlerde üç adet tek eksenli Bruel&Kjaer 4508B ivmeölçer [4] )5##"&*#!*(7*���
Bu ivmeölçerler SB�� GP� 4 � DF� &5!"�"#*� J#/8!� &�)7"#"�*&"� 0 �# (7,�,#!,(7,���

,7� (,!� 7 67# �,&. � 9"� ) 7#,� / ),/� 0J&7 !,0# � J#/8!# �� "#*&!*(7*��� 3"� ) 7#,�
/ ),/# �0"<*#"&�. & 0# �. � ,4! J#/ �# �,&�0 �# �,�6"1,7� 7575#"�")��!�."#�."�1 �
çekici (Bruel&Kjaer 8206 [6]) 63 ölçüm &�)7"6*&."� ' +.,�,# � )� 9 �� )544 7�
50'5#"!"6*�,/,&�,4! J#/ ��1,#',# �,�4 �)544 7�1,#',6,�)"0. .,#!,(7,�� � ),## ��10-a 
ve 10-b 6*�"6*0#"� )"&"7� 7"(*0*K*� )*6!*&*&�. & 0�.8+ & ;,&deki konumunu ve 
kanad*n sabitlenmesini göstermektedir. 

(a)                                                                (b) 
.�12��10: (a) �"&"7�7"(*0*K*�)*6!*�4 �. & 0�.8+ & ;,  

(b) �"&"7�7"(*0*K*�)*6!*&*&�. & 0�.8+ & ;,& �6"1,7# &! 6,

�vmeölçer ve )544 7� 1,#',6,� )5##"&*#"�")� 9"6"<#"&"&� �� )"&6� K 4"<#"�*&*&�
ortalama6*��ekil 11 de 14.75 X3+Y�,# �.8+# ! �.,)�S�� ;,#! 0,���66.75 [Hz] ile 1. 
15�5#!"0*��93.00 X3+Y�,# �.8+# ! �.,)�G�� ;,#! 0,�'J67 �! )7 .,���� ),#�SG�,6 �
kanat 7"(*0*K*� )*6!*&*&� . & 06 #� 0�##"�  #. �  .,#!,( ve kanat ucuna göre 
&��!"#,+ � .,#!,(�.8+# ! �.,)�S�� ;,#! �7,7� (,!�1,/,!ini göstermektedir. 
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.�12��01: �"&"7�7"(*0*K*�)*6!*&*&�. & 06 #��� )"&6�K 4"1*

.�12��02: �"&"7�7"(*0*K*�)*6!*&*&�. & 06 #, .8+# ! �.,)�S�� ;,#! , &��!"#,+ � .,#!,(�
7,7� (,!�1,/,!i (14.75 [Hz])
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@#/8!# �. � )5##"&*#"&� 7 )�  )6 &#,� ,4! J#/ �# �,&� 0 �# (,!� 0J&8� 4 � )544 7,&�
50'5#"&!"� 0J&8� .8+# !6 #�  ;,#! &,&� 'J+# !# &! 6,&,, 15� 7 67� 6*�"6*&.", 
 &' ## !,(7,��� �"9"� 6�&�"�� 15� 7 )�  )6 &#,� ,4! J#/ �# �. &� 1,�,� )"&".*&�
.8+# !6 #� S��  ;,#! � �� )"&6*&"� .50"�#*� �#"K")� ( ),#. � 7 )�"�� 0"<*(7*�*#!*(� 4e
50'5#"&"&� )544 7,&� 0J&8� . � . ;,(7,�,# � )� )"&".*&� S��  ;,#! � �� )"&6*�
FC�DB�X3+Y��#"�")�15#5&!5(75���

5. SONUÇ
�5� /"#*(!"."� 1,�� ,&6"&6*+� 9"4"� "�"K*&*&� 'J� 4 � 505!#5� )"&"7#"�*&*&��
MSC®/PATRAN ve MSC®/NASTRAN <") 7� <��'�"!#"�*� )5##"&*#"�")� 0"<*#"&�
y"<*6"#� 7"6"�*!#"�*�� 0"<*6"#� "&"#,+# �,� 4 � 15� 7"6"�*!#"�*&� . & 06 #� �#"�")�
.�;�5#"&!"6*� "&#"7*#!*(7*��� 
ablo 4�� �#5(75�5#"&� 6�&#5�  # !"&#"�� !�. #,&,&�
.�;�5#5;5&5&�'J67 �,# 1,#! 6,�,/,&�)"&"7�7"(*0*K*�)*6!*&*&�.�;"#��� )"&6#"�*&*&�
. & 06 #�6�&5/#"�."&��"�)#*#*;*&*�`��#"�")�4 �! )7 .,���

Tablo 4. �"&"7�7"(*0*K*�)*6!*&*&�.�;"#��� )"&6#"�*&*&��"�)#"�*�


2'��<2���2C2�2 Deneysel Sonuçlara Göre
�#B���;��1��&�;��1?�3J4

�8+# ! �.,)�S�� ;,#! ~1.00
�8+# !6 #�S�� ;,#! ~15.31
1. Burulma ~ -5.17
�8+# ! �.,)�G�� ;,#me ~0.00

Tablo 3 den de görül K ;,� 8+ � � )"&".*&� /*�<!"� "&"#,+# �,&. �  7) &�
parametreler olarak kabul edilen d8+# ! � .,)� S��  ;,#! � 4 � S�� burulma 
�� )"&6#"�*&."),� `1.00 ve % -5.17 farklar, �#5(75�5#"&� sonlu elemanlar 
!�. #,&,&�.�;�5#5;5&5�'J67 �! )7 dir. 
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