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�/�D�W�L�Q�L�þ�Q�H���R�]�Q�D�N�H�� 
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�6�$�ä�(�7�$�. 

U ovom diplomskom radu su ukratko razmotreni tipovi vjetroagregata i njihove karakteristike, 

�W�H���Q�M�L�K�R�Y���Q�D�þ�L�Q���U�D�G�D�����1�D�N�R�Q���W�R�J�D���M�H���G�D�Q���S�U�L�N�D�]���W�L�S�R�Y�D���S�U�L�M�H�Q�R�V�Q�L�N�D���X���Q�M�L�P�D�����6�O�L�M�H�G�L���R�S�ü�L���S�U�L�N�D�], 

�J�U�D�ÿ�D�� �L�� �G�H�I�L�Q�L�F�L�M�D�� �S�O�D�Q�H�W�D�U�Q�L�K��prijenosnika, te njihove prednosti i nedostaci. Nakon toga je 

�S�U�L�N�D�]�D�Q���S�U�R�U�D�þ�X�Q���N�L�Q�H�P�D�W�L�N�H���S�O�D�Q�H�W�D�U�Q�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D���S�R�P�R�ü�X���O�L�W�H�U�D�W�X�U�H���L���S�U�R�J�U�D�P�V�N�R�J���S�D�N�H�W�D��

�6�R�O�L�G�:�R�U�N�V���� �2�G�D�E�U�D�Q�� �M�H�� �E�U�R�M�� �S�O�D�Q�H�W�D�U�Q�L�K�� �]�X�S�þ�D�Q�L�N�D���� �R�G�U�H�ÿ�H�Q�H�� �V�X�� �G�L�P�H�Q�]�L�M�H�� �]�X�S�þ�D�Q�L�N�D�� �L��

�S�U�R�U�D�þ�X�Q�D�W�L�� �V�X�� �V�Y�L�� �]�X�S�þ�D�Q�L�F�L�� �Q�D�� �Q�R�V�L�Y�R�V�W�� �E�R�N�D�� �L�� �N�R�U�L�M�H�Q�D�� �]�X�E�D���� �1�D�N�R�Q�� �W�R�J�D�� �M�H�� �Q�D�S�U�D�Y�O�M�H�Q�D��

�Q�X�P�H�U�L�þ�N�D���D�Q�D�O�L�]�D���P�H�W�R�G�R�P���N�R�Q�D�þ�Q�L�K���H�O�H�P�H�Q�D�W�D���X���S�U�R�J�U�D�P�V�N�R�P���S�D�N�H�W�X���$�E�D�T�X�V�����1�D���N�U�D�M�X���M�H��

�Q�D�S�U�D�Y�O�M�H�Q�� �S�U�R�U�D�þ�X�Q�� �R�V�W�D�O�L�K�� �V�W�U�R�M�Q�L�K�� �H�O�H�P�H�Q�D�W�D�� �L�� �L�]�U�D�ÿ�H�Q�D�� �M�H�� �W�H�K�Q�L�þ�N�D�� �G�R�N�X�P�H�Q�W�D�F�L�M�D�� �X��

programskom paketu SolidWorks���� �N�R�M�D�� �V�H�� �V�D�V�W�R�M�L�� �R�G�� �J�O�D�Y�Q�R�J�� �V�N�O�R�S�Q�R�J�� �F�U�W�H�å�D�� �L�� �U�D�G�L�R�Q�L�þ�N�L�K��

�F�U�W�H�å�D���Q�H�V�W�D�Q�G�D�U�G�Q�L�K���G�L�M�H�O�R�Y�D�� 

 

�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� vjetroagregat, planetarni prijenosnik�����]�X�S�þ�D�Q�L�F�L 
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SUMMARY  

In this thesis wind turbines will be elaborated, along with their characteristics and working 

conditions. After that, display of planetary gearboxes they use is given. General overview, 

structure and definition follows, along with their advantages and disadvantages. After that, there 

is kinematics calculation shown, done using literature, as well as the software package 

SolidWorks. Next is the selection of the number of planetary gears, gear dimension calculation 

and allowable load, calculated depending on the load of the gear tooth root and gear tooth flank. 

After that, numerical analysis using finite element method is done, using software Abaqus. At 

the end, there is calculation of the rest of the machine elements and technical documentation 

drawn using software SolidWorks, that consists of global assembly drawing and drawings of 

non-standard components. 

 

Key words: wind turbine, planetary gearbox, gears 
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1. UVOD 

1.1. Vjetroagregati 

1.1���������2�S�ü�H�Q�L�W�R���R���Y�M�H�W�U�R�D�J�U�H�J�D�W�L�P�D 

�9�M�H�W�U�R�D�J�U�H�J�D�W�� �M�H�� �U�R�W�L�U�D�M�X�ü�L�� �V�W�U�R�M�� �N�R�M�L�� �Y�U�ã�L�� �S�U�H�W�Y�R�U�E�X�� �N�L�Q�H�W�L�þ�N�H�� �H�Q�H�U�J�L�M�H�� �Y�M�H�W�U�D�� �X�� �P�H�K�D�Q�L�þ�N�X��

�H�Q�H�U�J�L�M�X�����D���]�D�W�L�P���S�X�W�H�P���H�O�H�N�W�U�L�þ�Q�L�K���J�H�Q�H�U�D�W�R�U�D���X���H�O�H�N�W�U�L�þ�Q�X���H�Q�H�U�J�L�M�X�����3�U�L���W�R�M���S�U�H�W�Y�R�U�E�L���V�H���U�R�W�R�U��

�Y�M�H�W�U�R�W�X�U�E�L�Q�H���L���U�R�W�R�U���H�O�H�N�W�U�L�þ�Q�R�J���J�H�Q�H�U�D�W�R�U�D���Q�D�O�D�]�H���Q�D���L�V�W�R�P���Y�U�D�W�L�O�X�������=�D���Y�M�H�W�U�R�D�J�U�H�J�D�W���V�H���þ�H�V�W�R��

�N�R�U�L�V�W�H���M�R�ã���L���Q�D�]�L�Y�L���Y�M�H�W�U�R�W�X�U�E�L�Q�D���L���Y�M�H�W�U�R�J�H�Q�H�U�D�W�R�U, a u stvari su to dijelovi od kojih se sastoji 

vjetroagregat. Vjetroagregati koriste energiju vjetra, koja se ubraja u obnovljive izvore energije. 

�3�U�R�L�]�Y�R�G�H�� �V�H�� �U�D�]�O�L�þ�L�W�L�� �W�L�S�R�Y�L�� �Y�M�H�W�U�R�D�J�U�H�J�D�W�D�� �V�D�� �Y�H�U�W�L�N�D�O�Q�L�P�� �L�� �K�R�U�L�]�R�Q�W�D�O�Q�L�P�� �R�V�L�P�D�� �U�R�W�D�F�L�M�H����

�1�D�M�P�D�Q�M�L�� �Y�M�H�W�U�R�D�J�U�H�J�D�W�L�� �Q�D�O�D�]�H�� �S�U�L�P�M�H�Q�X�� �N�R�G�� �S�X�Q�M�H�Q�M�D�� �S�R�P�R�ü�Q�L�K�� �D�N�X�P�X�O�D�W�R�U�D�� �E�U�R�G�R�Y�D�� �L�O�L��

kamp-�S�U�L�N�R�O�L�F�D�����1�H�ã�W�R���Y�H�ü�L���V�H���N�R�U�L�V�W�H���]�D���S�U�R�L�]�Y�R�G�Q�M�X���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H �X���N�X�ü�D�Q�V�W�Y�L�P�D�����G�R�N���V�H��

�Q�D�M�Y�H�ü�L���S�R�V�W�D�M�X���V�Y�H���Y�D�å�Q�L�M�L���L�]�Y�R�U���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H���L�]���R�E�Q�R�Y�O�M�L�Y�R�J���L�]�Y�R�U�D���X���Y�M�H�W�U�R�H�O�H�N�W�U�D�Q�D�P�D����

�6�Y�H�� �Y�L�ã�H�� �G�U�å�D�Y�D�� �Y�L�G�L�� �R�Y�D�M�� �L�]�Y�R�U�� �H�Q�H�U�J�L�M�H�� �N�D�R�� �D�O�W�H�U�Q�D�W�L�Y�X�� �I�R�V�L�O�Q�L�P�� �J�R�U�L�Y�L�P�D���� �,�V�W�U�D�å�L�Y�D�Q�M�D��

pokazuju da vjetar kao izvor energije ima najma�Q�M�X�� �U�H�O�D�W�L�Y�Q�X�� �H�P�L�V�L�M�X�� �V�W�D�N�O�H�Q�L�þ�N�L�K�� �S�O�L�Q�R�Y�D����

�Q�D�M�P�D�Q�M�H�� �]�D�K�W�M�H�Y�H�� �]�D�� �S�R�W�U�R�ã�Q�M�R�P�� �Y�R�G�H�� �L���Q�D�M�S�R�]�L�W�L�Y�Q�L�M�L�� �G�U�X�ã�W�Y�H�Q�L�� �X�W�M�H�F�D�M�� �X�� �R�G�Q�R�V�X�� �Q�D��

�I�R�W�R�Q�D�S�R�Q�V�N�H���ü�H�O�L�M�H�����J�H�R�W�H�U�P�D�O�Q�H���L���K�L�G�U�R�H�O�H�N�W�U�D�Q�H�����N�D�R���L���Q�D���X�J�O�M�H�Q���L���E�H�Q�]�L�Q�� 

 

 

 Slika 1. Prikaz vjetroelektrane 
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1.1.2. Tipovi vjetroagregata 

Vjetroagregati mogu rotirati oko horizontalne ili vertikalne osi. Tipovi s rotacijom oko 

�K�R�U�L�]�R�Q�W�D�O�Q�H���R�V�L���V�X���V�W�D�U�L�M�L���L���þ�H�ã�ü�L���X���X�S�R�W�U�H�E�L�����G�R�N���V�X���W�L�S�R�Y�L���V���U�R�W�D�F�L�M�R�P���R�N�R���Y�H�U�W�L�N�D�O�Q�H���R�V�L���U�M�H�ÿ�L���X��

upotrebi i proizvode manju �V�Q�D�J�X���� �7�D�N�R�ÿ�H�U�� �S�R�V�W�R�M�L�� �S�R�G�M�H�O�D�� �R�Y�L�V�Q�R�� �R�� �Y�U�V�W�L�� �O�R�S�D�W�L�F�D���� �S�D�� �W�D�N�R��

postoje vjetroagregati s lopaticama (prozirnima ili ne) i bez lopatica. 

1.1.2.1 Vjetroagregati s horizontalnom osi rotacije 

Vjetroagregati s horizontalnom osi rotacije �L�P�D�M�X���J�O�D�Y�Q�R���Y�U�D�W�L�O�R���U�R�W�R�U�D���L���H�O�H�N�W�U�L�þ�Q�L���J�H�Q�H�U�D�W�R�U���Q�D��

vrhu tornja i moraju biti okrenuti prema vjetru. Manje izvedbe imaju jednostavnu lopaticu koja 

�L�K���]�D�N�U�H�ü�H���� �G�R�N���Y�H�ü�L���L�P�D�M�X���V�H�Q�]�R�U���]�D���Y�M�H�W�D�U���V�S�R�M�H�Q���Q�D���V�H�U�Y�R�P�R�W�R�U�����9�H�ü�L�Q�D���L�P�D���P�X�O�W�L�S�O�L�N�D�W�R�U����

koji pretvara s�S�R�U�X���U�R�W�D�F�L�M�X���O�R�S�D�W�L�F�X���X���E�U�å�X���U�R�W�D�F�L�M�X���N�R�M�D���M�H���S�R�J�R�G�Q�L�M�D���]�D���S�R�N�U�H�W�D�Q�M�H���H�O�H�N�W�U�L�þ�Q�R�J��

�J�H�Q�H�U�D�W�R�U�D�����2�Y�D�M���W�L�S���Y�M�H�W�U�R�D�J�U�H�J�D�W�D���V�H���Q�D�M�þ�H�ã�ü�H���N�R�U�L�V�W�L���X���Y�M�H�W�U�R�H�O�H�N�W�U�D�Q�D�P�D���L���Q�M�L�K�R�Y�H���S�U�R�S�R�U�F�L�M�H��

�V�H�� �S�R�Y�H�ü�D�Y�D�M�X�� �L�]�� �J�R�G�L�Q�H�� �X�� �J�R�G�L�Q�H�� �]�E�R�J�� �Y�H�O�L�N�R�J�� �X�O�D�J�D�Q�M�D�� �X�� �Q�M�L�K�R�Y�� �U�D�]�Y�R�M���� �1�D�M�þ�H�ã�ü�H�� �U�R�W�L�U�D�M�X��

�E�U�]�L�Q�R�P���R�G���������G�R���������R�N�U�H�W�D�M�D���X���P�L�Q�X�W�L�����9�H�ü�H���E�U�]�L�Q�H���U�R�W�D�F�L�M�H���X�]�U�R�N�X�M�X���S�X�Q�R���Y�H�ü�X���E�X�N�X���L���H�U�R�]�L�M�X��

lopatica. Osim izvedbi s multiplikatorom, postoje i izvedbe s izravnim pogonom prstenastog 

�J�H�Q�H�U�D�W�R�U�D�����6�Y�L���Y�M�H�W�U�R�D�J�U�H�J�D�W�L���L�P�D�M�X���L���V�L�J�X�U�Q�R�V�Q�H���]�D�ã�W�L�W�Q�H���V�X�V�W�D�Y�H���]�D���L�]�E�M�H�J�D�Y�D�Q�M�H���R�ã�W�H�ü�H�Q�M�H���N�R�G��

�Y�M�H�W�U�R�Y�D���Y�H�O�L�N�L�K���E�U�]�L�Q�D�����N�D�R���ã�W�R���V�X���N�R�þ�Q�L�F�H���L�O�L���R�N�U�H�W�D�Q�M�H���O�R�S�D�W�L�F�D���V�X�S�U�R�W�Q�R���V�P�M�H�U�D���Y�M�H�W�U�D�� 

Slika 2. Prikaz vjetroagregata s horizontalnom osi vrtnje 
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1.1.2.2. Vjetroagregati s vertikalnom osi rotacije 

Vjetroagregati s vertikalnom osi rotacije imaju glavno vratilo rotora postavljeno vertikalno. 

�*�O�D�Y�Q�D���S�U�H�G�Q�R�V�W���R�Y�H���L�]�Y�H�G�E�H���M�H���W�R���ã�W�R���Y�M�H�W�U�R�D�J�U�H�J�D�W���Q�H���P�R�U�D���E�L�W�L���R�N�U�H�Q�X�W���S�U�H�P�D���Y�M�H�W�U�X���G�D���E�L���E�L�R��

�X�þ�L�Q�N�R�Y�L�W�����ã�W�R���M�H���Y�U�O�R���E�L�W�Q�R���Q�D���S�R�G�U�X�þ�M�L�P�D���V���S�U�R�P�M�H�Q�M�L�Y�L�P���V�P�M�H�U�R�P���Y�M�H�W�U�D�����'�U�X�J�D���E�L�W�Q�D���]�Q�D�þ�D�M�N�D��

�M�H�� �W�R�� �ã�W�R�� �H�O�H�N�W�U�L�þ�Q�L�� �J�H�Q�H�U�D�W�R�U�� �L�� �P�X�O�W�L�S�O�L�N�D�W�R�U�� �P�R�J�X�� �E�L�W�L�� �V�P�M�H�ã�W�H�Q�L�� �E�O�L�å�H�� �W�O�X���� �R�G�Q�R�V�Q�R�� �P�R�å�H�� �V�H��

�N�R�U�L�V�W�L�W�L�� �G�L�U�H�N�W�Q�L�� �S�R�J�R�Q�� �V�Y�H�� �G�R�� �P�X�O�W�L�S�O�L�N�D�W�R�U�D�� �N�R�M�L�� �M�H�� �V�P�M�H�ã�W�H�Q�� �Q�D�� �W�O�X���� �ã�W�R�� �V�P�D�Q�M�X�M�H�� �W�U�R�ã�N�R�Y�H��

�R�G�U�å�D�Y�D�Q�M�D���� �5�M�H�ÿ�H�� �V�X�� �X�� �X�S�R�W�U�H�E�L �]�E�R�J�� �W�R�J�D�� �ã�W�R�� �S�U�R�L�]�Y�R�G�H�� �P�D�Q�M�X�� �V�Q�D�J�X�� �]�D�W�R�� �ã�W�R�� �L�P�D�M�X�� �P�D�Q�M�X��

brzinu vrtnje �L�� �P�D�Q�M�L�� �P�R�P�H�Q�W�� �W�R�U�]�L�M�H�� �S�D�� �M�H�� �S�R�W�U�H�E�D�Q�� �V�N�X�S�O�M�L�� �V�X�V�W�D�Y�� �S�U�L�M�H�Q�R�V�D���� �ã�W�R�� �V�P�D�Q�M�X�M�H�� �L��

�H�Q�H�U�J�H�W�V�N�X���H�I�L�N�D�V�Q�R�V�W�����1�D�M�þ�H�ã�ü�X���S�U�L�P�M�H�Q�X���Q�D�O�D�]�H���N�R�G���]�J�U�D�G�D���L���N�X�ü�D���Q�D���þ�L�M�H���N�U�R�Y�R�Y�H���V�H���P�R�Q�W�L�U�D�M�X��

zbog toga �ã�W�R���]�J�U�D�G�H���S�U�H�X�V�P�M�H�U�D�Y�D�M�X���Y�M�H�W�D�U���S�U�H�P�D���V�Y�R�P���Y�U�K�X�����S�D���V�H���E�U�]�L�Q�D���S�U�R�O�D�V�N�D���Y�M�H�W�U�D���N�U�R�]��

�O�R�S�D�W�L�F�H���Y�M�H�W�U�R�D�J�U�H�J�D�W�D���P�R�å�H���þ�D�N���X�G�Y�R�V�W�U�X�þ�L�W�L���X���W�L�P���V�O�X�þ�D�M�H�Y�L�P�D���� 

 

 

Slika 3. Prikaz vjetroagregata s vertikalnom osi vrtnje 
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1.1.3. Konstrukcija vjetroagregata 

�*�R�W�R�Y�R���V�Y�L���Y�M�H�W�U�R�D�J�U�H�J�D�W�L���V�D�V�W�R�M�H���V�H���R�G���V�O�M�H�G�H�ü�L�K���G�L�M�H�O�R�Y�D�����R�]�Q�D�þ�H�Q�L�P�D���S�U�L�S�D�G�Q�L�P���E�U�R�M�H�Y�L�P�D���Q�D��

slici 4. 

1. Temelj 

2. �9�H�]�D���V���H�O�H�N�W�U�L�þ�Q�R�P���P�U�H�å�R�P 

3. Toranj 

4. Pristupne ljestve 

5. Rotacija ovisna o smjeru 

vjetra 

6. �.�X�ü�L�ã�W�H 

7. �(�O�H�N�W�U�L�þ�Q�L���J�H�Q�H�U�D�W�R�U 

8. Anemometar 

9. �(�O�H�N�W�U�L�þ�Q�D�� �L�O�L�� �P�H�K�D�Q�L�þ�N�D��

�N�R�þ�Q�L�F�D 

10. Multiplikator 

11. Lopatice rotora 

12. Kontrola nagiba lopatice 

13. �ý�Y�R�U�L�ã�W�H���U�R�W�R�U�D 

 

 

 

 

 

 

 

 

Slika 4. Prikaz dijelova vjetroagregata 
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1.2. Planetarni prijenosnici 

���������������0�H�K�D�Q�L�þ�N�L���S�U�L�M�H�Q�R�V 

�0�H�K�D�Q�L�þ�N�L���S�U�L�M�H�Q�R�V���M�H��prijenos �V�Q�D�J�D���L�O�L���J�L�E�D�Q�M�D���V���S�R�J�R�Q�V�N�R�J���G�L�M�H�O�D���V�W�U�R�M�D���Q�D���J�R�Q�M�H�Q�L���X�]���S�R�P�R�ü��

�P�H�K�D�Q�L�þ�N�R�J���V�N�O�R�S�D���N�R�M�L���V�H���Q�D�]�L�Y�D���S�U�L�M�H�Q�R�V�Q�L�N�����3�U�L�M�H�Q�R�V�Q�L�F�L���V�H���V�D�V�W�R�M�H���R�G���S�R�J�R�Q�V�N�R�J���L���J�R�Q�M�H�Q�R�J��

�þ�O�D�Q�D���N�R�M�L���U�R�W�L�U�D�M�X�����D���S�U�L�M�H�Q�R�V���V�H���R�V�W�Y�D�U�X�M�H���Q�M�L�K�R�Y�L�P���L�]�U�D�Y�Q�L�P���G�R�G�L�U�R�P���L�O�L���Q�H�L�]�U�D�Y�Q�R�����Q�D���S�U�L�P�M�H�U��

r�H�P�H�Q�R�P�����X�å�H�W�R�P�����O�D�Q�F�H�P���L���V�O�L�þ�Q�R�����5�D�]�O�L�þ�L�W�H���E�U�]�L�Q�H���Y�U�W�Q�M�H���R�V�W�Y�D�U�X�M�X���V�H���U�D�]�O�L�þ�L�W�L�P���S�U�R�P�M�H�U�L�P�D��

�þ�O�D�Q�R�Y�D���� �=�E�R�J�� �W�R�J�D�� �M�H�� �J�O�D�Y�Q�R�� �R�E�L�O�M�H�å�M�H���P�H�K�D�Q�L�þ�N�R�J�� �S�U�L�M�H�Q�R�V�D�� �S�U�L�M�H�Q�R�V�Q�L�� �R�P�M�H�U���� �W�R�� �M�H�V�W���R�P�M�H�U��

�E�U�]�L�Q�H���Y�U�W�Q�M�H���S�R�J�R�Q�V�N�R�J���L���J�R�Q�M�H�Q�R�J���þ�O�D�Q�D�����$�N�R���M�H���S�U�L�M�H�Q�R�V�Q�L���R�P�M�H�U���Y�H�ü�L���Rd jedan, brzina vrtnje 

�V�H���V�P�D�Q�M�X�M�H�����D���]�D�N�U�H�W�Q�L���P�R�P�H�Q�W���V�H���S�R�Y�H�ü�D�Y�D�����S�D���V�H���W�D�N�D�Y���S�U�L�M�H�Q�R�V�Q�L�N���Q�D�]�L�Y�D���U�H�G�X�N�W�R�U�����.�D�G�D���M�H��

�S�U�L�M�H�Q�R�V�Q�L�� �R�P�M�H�U�� �P�D�Q�M�L�� �R�G�� �M�H�G�D�Q���� �S�U�L�M�H�Q�R�V�Q�L�N�� �V�H�� �Q�D�]�L�Y�D�� �P�X�O�W�L�S�O�L�N�D�W�R�U���� �6�� �S�R�J�R�Q�V�N�R�J�� �þ�O�D�Q�D�� �Q�H��

�J�R�Q�M�H�Q�L���þ�O�D�Q���V�L�O�D���V�H���P�R�å�H���S�U�H�Q�R�V�L�W�L���R�E�O�L�N�R�P�����S�D���V�H���X���W�R�P���V�O�X�þ�D�M�X���U�D�G�L���R���]�X�S�þ�D�Q�L�þ�N�R�P�����]�X�S�þ�D�V�W�R-

�U�H�P�H�Q�V�N�R�P���L�O�L���O�D�Q�þ�D�Q�R�P���S�U�L�M�H�Q�R�V�X�����L���W�U�H�Q�M�H�P�����N�D�R���X���V�O�X�þ�D�M�X���W�D�U�Q�R�J���L�O�L���U�H�P�H�Q�V�N�R�J���S�U�L�M�H�Q�R�V�D�� 

���������������2�S�ü�H�Q�L�W�R���R���S�O�D�Q�H�W�D�U�Q�L�P���S�U�L�M�H�Q�R�V�Q�L�F�L�P�D 

�3�O�D�Q�H�W�D�U�Q�L���S�U�L�M�H�Q�R�V���M�H���Y�U�V�W�D���]�X�S�þ�D�Q�L�þ�N�R�J���S�U�L�M�H�Q�R�V�D�����N�R�G���N�R�M�H�J���V�H���P�H�K�D�Q�L�þ�N�L��prijenos ostvaruje 

�W�D�N�R���G�D���P�X���E�D�U�H�Q���M�H�G�D�Q���þ�O�D�Q�����S�O�D�Q�H�W�D�U�Q�L���þ�O�D�Q�������R�V�L�P���R�N�R���Y�O�D�V�W�L�W�H���R�V�L�����U�R�W�L�U�D���R�N�R���M�R�ã���M�H�G�Q�H���R�V�L�����8��

�S�R�V�O�M�H�G�Q�M�L�P�� �G�H�V�H�W�O�M�H�ü�L�P�D�� �� �G�R�ã�O�R�� �M�H�� �G�R�� �Y�H�O�L�N�R�J�� �Q�D�S�U�H�W�N�D�� �X�� �U�D�]�Y�R�M�X�� �L�� �S�U�R�L�]�Y�R�G�Q�M�L�� �S�O�D�Q�H�W�D�U�Q�L�K��

�L�]�Y�H�G�E�L���]�X�S�þ�D�Q�L�þ�N�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D�� �1�M�L�K�R�Y�R���S�R�G�U�X�þ�M�H���S�U�L�P�M�H�Q�H���S�R�V�W�D�M�H���V�Y�H���ã�L�U�H�����S�D���L�K���V�W�R�J�D���G�D�Q�D�V��

�Q�D�O�D�]�L�P�R���X���V�O�M�H�G�H�ü�L�P���S�U�L�P�M�H�Q�D�P�D�� 

o Mobilna postrojenja �± automobili, brodovi, avioni 

o Stacionarna postrojenja �± turbinski prijenosnici, kompresori 

o �2�S�ü�D���V�W�U�R�M�R�J�U�D�G�Q�M�D 

�2�S�ü�H�Q�L�W�R���V�H���P�R�å�H���U�H�ü�L���G�D���V�H���S�O�D�Q�H�W�D�U�Q�L���S�U�L�M�H�Q�R�V�Q�L�F�L���N�R�U�L�V�W�H���W�D�P�R���J�G�M�H���M�H���S�R�W�U�H�E�D�Q���S�U�L�M�H�Q�R�V���ã�W�R��

�Y�H�ü�L�K���V�Q�D�J�D���L���E�U�]�L�Q�D�����X�]���ã�W�R���P�D�Q�M�L���Y�R�O�X�P�H�Q���L���W�H�å�L�Q�X���S�U�L�M�H�Q�R�V�Q�L�N�D�����.�R�G���S�O�D�Q�H�W�D�U�Q�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D��

�V�H���W�R���R�V�W�Y�D�U�X�M�H���J�U�D�Q�D�Q�M�H�P���V�Q�D�J�H���Q�D���Y�L�ã�H���S�O�D�Q�H�W�D�U�Q�L�K���]�D�K�Y�D�W�D���]�X�S�þ�D�Q�L�N�D�����P�D�Q�M�H���G�L�Q�D�P�L�þ�N�H���V�L�O�H���L��

smanjenje buke. Na slici 5. prikazan je primjer planetarnog prijenosnika. 
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Slika 5. Primjer planetarnog prijenosnika 

1.2.3. Prednosti planetarnih prijenosnika 

�8���S�U�H�G�Q�R�V�W�L���S�O�D�Q�H�W�D�U�Q�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D���P�R�å�H�P�R���Q�D�E�U�R�M�D�W�L�� 

o �9�H�ü�L���V�W�X�S�D�Q�M���L�V�N�R�U�L�ã�W�H�Q�M�D���]�E�R�J���W�R�J�D���ã�W�R���V�H���G�L�R���V�Q�D�J�H���S�U�H�Q�R�V�L���Y�D�O�M�D�Q�M�H�P�����D���G�L�R���V�S�R�M�Q�L�þ�N�L 

o �.�R�P�S�D�N�W�Q�D�����F�L�O�L�Q�G�U�L�þ�Q�D���N�R�Q�V�W�U�X�N�F�L�M�D 

o �0�R�J�X�ü�Q�R�V�W���Q�D�V�D�G�Q�H���L�]�Y�H�G�E�H���]�E�R�J���N�R�D�N�V�L�M�D�O�Q�R�V�W�L 

o Veliki prijenosni omjer u jednom stupnju 

o �9�H�O�L�N���E�U�R�M���N�R�P�E�L�Q�D�F�L�M�D���S�U�L�M�H�Q�R�V�Q�R�J���R�P�M�H�U�D���N�R�P�E�L�Q�D�F�L�M�R�P���Y�L�ã�H���S�O�D�Q�H�W�D�U�Q�L�K���S�U�L�Menosnika 

o �0�R�J�X�ü�Q�R�V�W���L�]�Y�H�G�E�H���P�M�H�Q�M�D�þ�D���V�D���V�N�R�N�R�Y�L�W�R�P���S�U�R�P�M�H�Q�R�P���S�U�L�M�H�Q�R�V�Q�R�J���R�P�M�H�U�D 

o �0�R�J�X�ü�Q�R�V�W���X�E�D�F�L�Y�D�Q�M�D���G�U�X�J�H���Y�U�V�W�H���S�U�L�M�H�Q�R�V�Q�L�N�D���]�D���N�R�Q�W�L�Q�X�L�U�D�Q�X���S�U�R�P�M�H�Q�X���S�U�L�M�H�Q�R�V�Q�R�J��

omjera 

o �6�P�D�Q�M�H�Q�M�H���Y�D�Q�M�V�N�L�K���G�L�Q�D�P�L�þ�N�L�K���V�L�O�D���S�R�P�R�ü�X���H�O�D�V�W�L�þ�Q�L�K���H�O�H�P�H�Q�D�W�D���U�H�D�N�F�L�M�V�N�R�J���þ�O�D�Q�D 

o �0�R�J�X�ü�Q�R�V�W���G�L�I�H�U�H�Q�F�L�M�D�O�Q�H���L�]�Y�H�G�E�H���V���Y�L�ã�H���V�W�X�S�Q�M�H�Y�D���V�O�R�E�R�G�H���J�L�E�D�Q�M�D 

o �0�R�J�X�ü�Q�R�V�W���X�O�H�å�L�ã�W�H�Q�M�D���F�H�Q�W�U�D�O�Q�L�K���]�X�S�þ�D�Q�L�N�D���X���S�O�D�Q�H�W�D�U�Q�L�P���]�X�S�þ�D�Q�L�F�L�P�D 

o �0�R�J�X�ü�Q�R�V�W���N�R�P�E�L�Q�D�F�L�M�D���V���G�U�X�J�L�P���Y�U�V�W�D�P�D���S�U�L�M�H�Q�R�V�Q�L�N�D 
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1.2.4. Nedostaci planetarnih prijenosnika 

o Kompleksna konstrukcija 

o Velik bro�M���G�L�M�H�O�R�Y�D�����S�D���M�H���L���Y�H�ü�D���Y�M�H�U�R�M�D�W�Q�R�V�W���R�ã�W�H�ü�H�Q�M�D 

o �5�H�O�D�W�L�Y�Q�R���Y�H�ü�D���F�L�M�H�Q�D 

o Manji volumen ulja za podmazivanje umakanjem 

o �.�R�P�S�O�L�F�L�U�D�Q�L�M�D���L�]�U�D�G�D�����N�R�Q�W�U�R�O�D�����R�G�U�å�D�Y�D�Q�M�H���L���U�H�P�R�Q�W�����N�D�R���L���V�W�U�R�å�L���]�D�K�W�M�H�Y�L���Q�D���Q�D�Y�H�G�H�Q�H��

parametre 

o Pojava centrifugalnih sila koje posebno opt�H�U�H�ü�X�M�X���O�H�å�D�M�H�Y�H 

���������������*�U�D�ÿ�D���L���G�H�I�L�Q�L�F�L�M�D���S�O�D�Q�H�W�D�U�Q�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D 

�8���V�N�X�S�L�Q�X���S�O�D�Q�H�W�D�U�Q�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D���X�E�U�D�M�D�P�R���S�U�L�M�H�Q�R�V�Q�L�N�D���N�R�G���N�R�M�L�K���E�D�U�H�P���M�H�G�D�Q���þ�O�D�Q���� �R�V�L�P��

�J�L�E�D�Q�M�D���R�N�R���Y�O�D�V�W�L�W�H���R�V�L�����L�]�Y�R�G�L���L���J�L�E�D�Q�M�H���R�N�R���Q�H�N�H���G�U�X�J�H���R�V�L�����.�D�R���ã�W�R���M�H���S�U�L�N�D�]�D�Q�R���Q�D���V�O�L�F�L����������

�S�O�D�Q�H�W�D�U�Q�L���S�U�L�M�H�Q�R�V�Q�L�F�L���V�H���V�D�V�W�R�M�H���R�G���Q�D�M�P�D�Q�M�H���W�U�L���þ�O�D�Q�D�����N�R�G���N�R�M�L�K���M�H�G�D�Q���þ�O�D�Q���P�R�U�D���E�L�W�L���U�H�D�N�F�L�M�V�N�L����

�D���W�R���Q�L�N�D�N�R���Q�H���V�P�L�M�H���E�L�W�L���S�O�D�Q�H�W�D�U�Q�L���þ�O�D�Q�� 

Slika 6�����*�U�D�ÿ�D���S�O�D�Q�H�W�D�U�Q�R�J���S�U�L�M�H�Q�R�V�Q�L�N�D 

�9�H�ü�L�Q�D�� �M�H�G�Q�R�V�W�D�Y�Q�L�K�� �S�O�D�Q�H�W�D�U�Q�L�K�� �S�U�L�M�H�Q�R�V�Q�L�N�D�� �J�U�D�ÿ�H�Q�D�� �M�H�� �R�G�� �G�Y�D�� �F�H�Q�W�U�D�O�Q�D�� �L�O�L�� �V�X�Q�þ�D�Q�D��

�]�X�S�þ�D�Q�L�N�D�����N�R�M�L���V�X���Q�D���V�O�L�F�L���������R�]�Q�D�þ�H�Q�L���V�O�R�Y�R�P���6�����M�H�G�Q�R�J���L�O�L���Y�L�ã�H���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���N�R�M�L���M�H��

�Q�D�� �V�O�L�F�L�� �R�]�Q�D�þ�H�Q�� �V�O�R�Y�R�P�� �3�� �N�R�M�L�� �V�H�� �Q�D�O�D�]�H�� �Q�D�� �Q�R�V�D�þ�X�� �L�O�L�� �U�X�þ�L�F�L�� �R�]�Q�D�þ�H�Q�R�M�� �V�O�R�Y�R�P�� �5���� �2�V�Q�R�Y�Q�D��

�]�Q�D�þ�D�M�N�D���V�Y�D�N�R�J���P�H�K�D�Q�L�]�P�D�����S�D���W�D�No i planetarnog prijenosnika je stupanj slobode gibanja, koji 

�R�]�Q�D�þ�D�Y�D�� �E�U�R�M�� �S�R�]�Q�D�W�L�K���� �Q�H�]�D�Y�L�V�Q�L�K�� �S�D�U�D�P�H�W�D�U�D�� �J�L�E�D�Q�M�D�� �N�R�M�L�P�D�� �M�H�� �V�W�D�Q�M�H�� �J�L�E�D�Q�M�D�� �F�L�M�H�O�R�J��

�S�U�L�M�H�Q�R�V�Q�L�N�D���M�H�G�Q�R�]�Q�D�þ�Q�R���R�G�U�H�ÿ�H�Q�R�����.�R�G���M�H�G�Q�R�V�W�D�Y�Q�L�K���S�O�D�Q�H�W�D�U�Q�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D���W�D�M���E�U�R�M���L�]�Q�R�V�L��

i do 2, dok ko�G���V�O�R�å�H�Q�L�K���S�U�L�M�H�Q�R�V�Q�L�N�D���R�Q���P�R�å�H���L�]�Q�R�V�L�W�L���L���Y�L�ã�H���R�G������ 
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1.3. Primjena planetarnih prijenosnika u vjetroagregatima 

Prijenosnici se kod vjetroagregata koriste za pretvorbu male brzine i velikog zakretnog 

momenta vjetroturbine u veliku brzinu koja je potreban �J�H�Q�H�U�D�W�R�U�X�����N�R�M�L���S�U�H�W�Y�D�U�D�����P�H�K�D�Q�L�þ�N�X��

�H�Q�H�U�J�L�M�X�� �X�� �H�O�H�N�W�U�L�þ�Q�X���� �5�D�]�P�D�W�U�D�M�X�ü�L�� �J�O�D�Y�Q�L�� �]�D�G�D�W�D�N�� �S�U�L�M�H�Q�R�V�Q�L�N�D�� �L�� �Q�M�L�K�R�Y�X�� �N�L�Q�H�P�D�W�L�N�X����

�S�U�L�M�H�Q�R�V�Q�L�F�L���Y�M�H�W�U�R�D�J�U�H�J�D�W�D���P�R�J�X���V�H���S�R�G�L�M�H�O�L�W�L���X���V�O�M�H�G�H�ü�H���J�U�X�S�H�� 

o Standardni prijenosnici �± konstantna pretvorba ulaznog momenta i brzine u izlazne 

o �3�U�L�M�H�Q�R�V�Q�L�F�L���V���R�J�U�D�Q�L�þ�D�Y�D�Q�M�H�P���]�D�N�U�H�W�Q�R�J���P�R�P�H�Q�W�D���± �P�R�J�X�ü�Q�R�V�W �R�J�U�D�Q�L�þ�D�Y�D�Q�M�D izlaznog 

zakretnog momenta 

o CVT prijenosnici �± kontroliraju izlazni zakretni moment i brzinu vrtnje �X���R�G�U�H�ÿ�H�Q�R�P��

rasponu 

 

�%�X�G�X�ü�L���G�D��prijenosnici moraju imati samo jedan u�O�D�]���V�Q�D�J�H�����N�D�R���L���V�D�P�R���M�H�G�D�Q���L�]�O�D�]���V�Q�D�J�H�����Y�H�ü�L�Q�D��

�Y�M�H�W�U�R�D�J�U�H�J�D�W�D���N�R�U�L�V�W�L���M�H�G�Q�X���R�G���V�O�M�H�G�H�ü�H���G�Y�L�M�H���N�R�Q�I�L�J�X�U�D�F�L�M�H�� 

 

o �7�U�R�V�W�X�S�D�Q�M�V�N�L���]�X�S�þ�D�Q�L�þ�N�L���S�U�L�M�H�Q�R�V�Q�L�N���V���Y�D�Q�M�V�N�L�P���R�]�X�E�O�M�H�Q�M�H�P 

o Prikaz prijenosnika na slici 7. 

o Primjena kod generatora manjih kapaciteta 

o Prijenosni �R�P�M�H�U�� �V�Y�D�N�R�J�� �V�W�X�S�Q�M�D�� �R�G�U�H�ÿ�H�Q�� �M�H�� �R�P�M�H�U�R�P�� �X�O�D�]�Q�H�� �L�� �L�]�O�D�]�Q�H�� �E�U�]�L�Q�H����

odnosno omjerom broja zubi 

Slika 7. Prikaz trostupanjskog zup�þ�D�Q�L�þ�N�R�J���S�U�L�M�H�Q�R�V�Q�L�N�D 
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o Prijenosnik s jednim planetarnim i dva paralelna stupnja 

o Prikaz prijenosnika na slici 8. 

o �3�U�L�P�M�H�Q�D���N�R�G���J�H�Q�H�U�D�W�R�U�D���Y�H�ü�L�K���N�D�S�D�F�L�W�H�W�D 

o �1�D�M�þ�H�ã�ü�H���P�L�U�X�M�H���Y�D�Q�M�V�N�L���S�U�V�W�H�Q���S�U�L�M�H�Q�R�V�Q�L�N�D 

Slika 8. Prikaz prijenosnika s jednim planetarnim i dva paralelna stupnja 
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2. KINEMATIKA PLANETARNIH PRIJENOSNIKA  

�5�D�]�O�L�N�X�M�H�� �V�H�� �Y�L�ã�H�� �Q�D�þ�L�Q�D�� �U�M�H�ã�D�Y�D�Q�M�D�� �N�L�Q�H�P�D�W�V�N�L�K�� �R�G�Q�R�V�D�� �N�R�G�� �S�O�D�Q�H�W�D�U�Q�L�K�� �S�U�L�M�H�Q�R�V�Q�L�N�D���� �D��

�Q�D�M�U�D�ã�L�U�H�Q�L�M�H���V�X���J�U�D�I�L�þ�N�D���P�H�W�R�G�D���S�U�H�P�D���.�X�W�]�E�D�F�K�X���L���G�Y�L�M�H���D�Q�D�O�L�W�L�þ�N�H���P�H�W�R�G�H�����:�L�O�O�L�V�R�Y�D���P�H�W�R�G�D��

�L���P�H�W�R�G�D���V�X�S�H�U�S�R�]�L�F�L�M�H���J�L�E�D�Q�M�D���N�R�M�D���V�H���M�R�ã���Q�D�]�L�Y�D���L���6�Z�D�P�S�R�Y�R���S�U�D�Y�L�O�R. Ovdje �ü�H���E�L�W�L���N�R�U�L�ã�W�H�Q�D��

�D�Q�D�O�L�W�L�þ�N�D�� �P�H�W�R�G�D�� �V�X�S�H�U�S�R�]�L�F�L�M�H�� �J�L�E�D�Q�M�D�� �=�X�S�þ�D�Q�L�F�L�� �L�� �U�X�þ�L�F�D�� �E�L�W�� �ü�H�� �R�]�Q�D�þ�H�Q�L�� �N�D�R�� �ã�W�R�� �M�H�� �W�R��

prikazano na slici 9. 

Slika 9. Shematski prikaz planetarnog prijenosnika 

 

�8���S�U�Y�R�P���J�L�E�D�Q�M�X���V�H���F�L�M�H�O�L���V�X�V�W�D�Y���]�D�N�U�H�ü�H���]�D���M�H�G�D�Q��okretaj u smjeru gibanja kazaljke na satu, 

odnosno u pozitivnom smjeru gibanja, tj. za +1 okretaj.  

�1�D�N�R�Q�� �W�R�J�D�� �X�� �G�U�X�J�R�P�� �J�L�E�D�Q�M�X�� �Y�U�D�ü�D�P�R�� �]�X�S�þ�D�Q�L�N�� ���� �X�� �Q�M�H�J�R�Y�� �S�R�þ�H�W�Q�L�� �S�R�O�R�å�D�M���� �D�� �S�U�L�W�R�P��

�]�D�G�U�å�D�Y�D�P�R�� �U�X�þ�L�F�X�� �S�O�D�Q�H�W�D�U�Q�R�J�� �S�U�L�M�H�Q�R�V�Q�L�N�D�� �5���� �8�� �W�R�P�� �J�L�E�D�Q�M�X�� �V�X�� �]�X�S�þ�D�Q�L�F�L�� �� i 3 prisiljeni 

izvesti gibanja prikazana u tablici 1.  

�=�E�U�D�M�D�Q�M�H�P���S�U�Y�R�J���L���G�U�X�J�R�J���J�L�E�D�Q�M�D���Y�L�G�L�P�R���N�R�O�L�N�R���ü�H���V�H���R�N�U�H�Q�X�W�L���]�X�S�þ�D�Q�L�F�L�������L�������D�N�R���V�H���U�X�þ�L�F�D��

�5���R�N�U�H�Q�H���]�D�������R�N�U�H�W�D�M�����D���]�X�S�þ�D�Q�L�N�������Q�D�S�U�D�Y�L���X�N�X�S�Q�R�������R�N�U�H�W�D�M�D���� 

�8���W�U�H�ü�H�P���J�L�E�D�Q�M�X�����N�R�M�H���V�H���W�H�P�H�O�M�L���Q�D���G�U�X�J�R�P �J�L�E�D�Q�M�X�����G�D�M�H�P�R���]�X�S�þ�D�Q�L�N�X���������Q1 okretaja, a ostali 

�þ�O�D�Q�R�Y�L���S�U�L�V�L�O�M�H�Q�L���V�X���J�L�E�D�W�L���V�H���N�D�N�R���M�H���S�U�L�N�D�]�D�Q�R���W�D�E�O�L�F�R�P�������� 

�8���]�D�G�Q�M�H�P���þ�H�W�Y�U�W�R�P���J�L�E�D�Q�M�X�����W�H�P�H�O�M�H�Q�R�P���Q�D���V�X�P�L���S�U�Y�D���G�Y�D���J�L�E�D�Q�M�D�����R�N�U�H�ü�H�P�R���U�X�þ�L�F�X���]�D���Q�H�N�X��

brzinu +nR�����D���R�V�W�D�O�L���þ�O�D�Q�R�Y�L���J�L�E�D�M�X���V�H���N�D�N�R���M�H���S�U�L�N�Dzano tablicom 1.  

�=�E�U�D�M�D�Q�M�H�P�� �W�U�H�ü�H�J�� �L�� �þ�H�W�Y�U�W�R�J�� �J�L�E�D�Q�M�D���G�R�E�L�Y�D�P�R�� �R�S�ü�H�Q�L�W�H�� �L�]�U�D�]�H���� �R�G�Q�R�V�Q�R�� �R�S�ü�H�� �]�D�N�R�Q�L�W�R�V�W�L��

�J�L�E�D�Q�M�D���V�Y�L�K���þ�O�D�Q�R�Y�D���S�O�D�Q�H�W�D�U�Q�R�J���S�U�L�M�H�Q�R�V�Q�L�N�D�� 
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Br. 

gibanja 

�=�X�S�þ�D�Q�L�N���� 

(z1) 

�=�X�S�þ�D�Q�L�N���� 

(z2) 

�=�X�S�þ�D�Q�L�N��3 

(z3) 

�5�X�þ�L�F�D 

(R) 

1 E�s E�s E�s E�s 

2 F�s 
�V�5
�V�6

 
�V�5
�V�6

�®
�V�6
�V�7

L
�V�5
�V�7

 �r 

�™(1,2) �r �sE
�V�5
�V�6

 �sE
�V�5
�V�7

 E�s 

3 E�J�5 F
�V�5
�V�6

�®�J�5 F
�V�5
�V�7

�®�J�5 �r 

4 �r l�sE
�V�5
�V�6

p�®�J�Ë l�sE
�V�5
�V�7

p�®�J�Ë E�J�Ë 

�™(3,4) E�J�5 F
�V�5
�V�6

�®�J�5 El�sE
�V�5
�V�6

p�®�J�Ë F
�V�5
�V�7

�®�J�5 El�sE
�V�5
�V�7

p�®�J�Ë E�J�Ë 

 

Tablica 1. Kinematska analiza planetarnog prijenosnika 

 

�,�]�� �W�D�E�O�L�F�H�� ������ �S�U�R�L�]�O�D�]�H�� �V�O�M�H�G�H�ü�L�� �L�]�U�D�]�L�� �]�D�� �E�U�]�L�Q�H�� �Y�U�W�Q�M�H�� �S�R�M�H�G�L�Q�L�K�� �þ�O�D�Q�R�Y�D�� �S�O�D�Q�H�W�D�U�Q�R�J��

prijenosnika: 

�J�5 L �J�Ü�í�ß 

�J�6 L F
�V�5
�V�6

�®�J�5 El�sE
�V�5
�V�6

p�®�J�Ë 

�J�7 L F
�V�5
�V�7

�®�J�5 El�sE
�V�5
�V�7

p�®�J�Ë L �r 

�J�Ë L �J�è�ßL �t�w���I�E�J�?�5 

 

Da bi planetarni prijenosnik �V�O�X�å�L�R���N�D�R���P�X�O�W�L�S�O�L�N�D�W�R�U�����X�O�D�]�Q�D���E�U�]�L�Q�D���Y�U�W�Q�M�H���W�U�H�E�D���E�L�W�L���E�U�]�L�Q�D���Y�U�W�Q�M�H��

�Y�M�H�W�U�R�D�J�U�H�J�D�W�D���� �D�� �L�]�O�D�]�Q�D�� �E�U�]�L�Q�D�� �Y�U�W�Q�M�H�� �M�H�� �R�Q�G�D�� �E�U�]�L�Q�D�� �Y�U�W�Q�M�H�� �]�X�S�þ�D�Q�L�N�D�� ������ �,�]�� �W�R�J�D�� �S�U�R�L�]�O�D�]�L��

ukupan prijenosni omjer planetarnog prijenosnika: 

�E�è�ÞL
�J�Ü�í�ß

�J�è�ß
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3. �3�5�2�5�$�ý�8�1���=�8�3�ýANIKA  

3���������2�G�D�E�L�U���E�U�R�M�D���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D 

�3�U�L�M�H�� �S�R�þ�H�W�N�D�� �S�U�R�U�D�þ�X�Q�D�� �]�X�S�þ�D�Q�L�N�D�� �S�O�D�Q�H�W�D�U�Q�R�J�� �S�U�L�M�H�Q�R�V�Q�L�N�D���� �S�R�W�U�H�E�Q�R�� �M�H�� �R�G�D�E�U�D�W�L�� �E�U�R�M��

�S�O�D�Q�H�W�D�U�Q�L�K�� �]�X�S�þ�D�Q�L�N�D�� �N�R�M�L�� �U�R�W�L�U�D�M�X�� �R�N�R�� �V�U�H�G�L�ã�Q�M�H�J�� �]�X�S�þ�D�Q�L�N�D�����3�R�P�R�ü�X�� �S�U�R�J�U�D�P�V�N�R�J�� �S�D�N�H�W�D��

KissSoft, napravljena je analiza ovi�V�Q�R�V�W�L���ã�L�U�L�Q�H���]�X�S�þ�D�Q�L�N�D���R���E�U�R�M�X���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D�����Q�D��

�Q�D�þ�L�Q���G�D���V�H���E�U�R�M���]�X�E�L���L���P�R�G�X�O���R�V�W�D�Y�H���L�V�W�L�����D���S�R�V�W�L�å�H���V�H �S�U�L�E�O�L�å�Q�R���M�H�G�Q�D�N�R���Q�D�S�U�H�]�D�Q�M�D���]�X�S�þ�D�Q�L�N�D����

Rezultat analize nalazi se na slici 10. 

 

 

Slika 10�����3�U�L�N�D�]���R�Y�L�V�Q�R�V�W�L���ã�L�U�L�Q�H���]�X�S�þ�D�Q�L�N�D���R���E�U�R�M�X���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D 

 

Iz slike 10���� �]�D�N�O�M�X�þ�X�M�H�� �V�H�� �G�D�� �V�H�� �V�� �S�R�Y�H�ü�D�Q�M�H�P�� �E�U�R�M�D�� �S�O�D�Q�H�W�D�U�Q�L�K�� �]�X�S�þ�D�Q�L�N�D�� �L�]�Q�D�G�� ������ �S�R�W�U�H�E�Q�D��

�ã�L�U�L�Q�D���Q�H�]�Q�D�W�Q�R���V�H���V�P�D�Q�M�X�M�H �L���Q�L�M�H���H�N�R�Q�R�P�V�N�L���R�S�U�D�Y�G�D�Q�R���S�R�Y�H�ü�D�Q�M�H���W�R�J���E�U�R�M�D���]�E�R�J���W�R�J�D���ã�W�R���V�H��

�S�R�Y�H�ü�D�Y�D�M�X���W�U�R�ã�N�R�Y�L���S�U�R�L�]�Y�R�G�Q�M�H���]�E�R�J���Y�L�ã�H���R�V�R�Y�L�Q�D���L���O�H�å�D�M�H�Y�D, pa se stoga odabiru 4 planetarna 

�]�X�S�þ�D�Q�L�N�D�� 
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3.2. Odabir broja zubi 

Prijenosni omjer planetarnih prijenosnika koji se koriste kod prijenosa snage u vjetroagregatima 

�Q�D�M�þ�H�ã�ü�H���L�]�Q�R�V�H���R�G�������G�R���������S�D���V�H���E�L�U�D���S�U�L�M�H�Q�R�V�L���R�P�M�H�U�� 

�E�è�ÞL �v�á�w 

Iz toga proizlazi izraz za brzinu vrtnje na izlazu iz prijenosnika: 

�J�Ü�í�ß
�ñ L �J�5

�ñ L �E�è�Þ�®�J�è�ßL �v�á�w�®�t�wL �s�s�t�á�w���I�E�J�?�5 L �J�5 

�%�X�G�X�ü�L���G�D���Y�D�Q�M�V�N�L���]�X�S�þ�D�Q�L�N���]3 miruje, pa je i njegova brzine vrtnje n3 �M�H�G�Q�D�N�D���Q�X�O�L�����P�R�å�H�P�R��

odrediti standardni prijenosni omjer planetarnog prijenosnika: 

�E�4
�ñ L

�J�5
�ñF�J�Ë

F�J�Ë
L

�s�s�t�á�wF�t�w
�t�w

L F�u�á�w 

�$�N�R���R�G�D�E�H�U�H�P�R���E�U�R�M���]�X�E�L���V�U�H�G�L�ã�Q�M�H�J���]�X�S�þ�D�Q�L�N�D�� 

�V�5 L �t�t 

Izraz za standardni prijenosni omjer jednostupanjskog planetarnog prijenosnika je: 

�E�4
�ñ L F

�V�6
�V�5

�®
�V�7
�V�6

 

�,�]���S�U�H�W�K�R�G�Q�R�J���L�]�U�D�]�D���V�O�L�M�H�G�L���L�]�U�D�]���]�D���E�U�R�M���]�X�E�L���Y�D�Q�M�V�N�R�J���]�X�S�þ�D�Q�L�N�D���V���X�Q�X�W�D�U�Q�M�L�P���R�]�X�E�O�M�H�Q�M�H�P�� 

�V�7 L �E�4
�ñ�®�V�5 L �u�á�w�®�t�t L �y�y 

�2�G�D�E�U�D�Q���M�H���E�U�R�M���]�X�E�L���Y�D�Q�M�V�N�R�J���]�X�S�þ�D�Q�L�N�D���V���X�Q�X�W�D�U�Q�M�L�P���R�]�X�E�O�M�H�Q�M�H�P�� 

�V�7 L �y�z 

Odab�L�U���E�U�R�M�D���]�X�E�L���S�O�D�Q�H�W�D�U�Q�R�J���]�X�S�þ�D�Q�L�N�D���]2 �R�G�U�H�ÿ�X�M�H���V�H���L�]���X�Y�M�H�W�D���N�R�D�N�V�L�M�D�O�Q�R�V�W�L�� 

�V�6 L
�V�7 F�V�5

�t
L

�y�zF �t�t
�t

L �t�z 

 

�6�D�G�D���V�H���N�R�U�L�J�L�U�D�M�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L���G�D���E�L���V�H���S�U�L�O�D�J�R�G�L�O�H���Q�R�Y�R�R�G�D�E�U�D�Q�R�P���E�U�R�M�X���]�X�E�L�� 

�E�4 L F
�V�6
�V�5

�®
�V�7
�V�6

L F
�t�z
�t�t

�®
�y�z
�t�z

L F�u�á�w�v�w�v 

�J�5 L �:�sF �E�4�; �®�J�Ë L �:�sE�u�á�w�v�w�v�; �®�t�wL �s�s�u�á�x�u�x���I�E�J�?�5 

�E�è�ÞL
�J�5
�J�Ë

L
�s�s�u�á�x�u�x

�t�w
L �v�á�w�v�w�v 
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3.3�����3�U�R�U�D�þ�X�Q���V�Q�D�J�D 

�.�R�G���D�Q�D�O�L�]�H���V�Q�D�J�D���N�R�M�H���V�H���S�U�H�Q�R�V�H���S�R�W�U�H�E�Q�R���M�H���Y�R�G�L�W�L���U�D�þ�X�Q�D���R���S�U�H�G�]�Q�D�F�L�P�D�����3�R�]�L�W�L�Y�D�Q���S�U�H�G�]�Q�D�N��

�V�Q�D�J�H���]�Q�D�þ�L���G�D���V�H���Q�D���W�R�P���G�L�M�H�O�X���V�Q�D�J�D���G�R�Y�R�G�L�����D���Q�H�J�D�W�L�Y�D�Q���S�U�H�G�]�Q�D�N���V�Q�D�J�H���]�Q�D�þ�L���G�D���V�H���V�Q�D�J�D��

odvodi s tog dijela. Analiza snaga prikazana je na slici 11. 

 

 

�2�º E�J�º E�6�º 

�2�» 
�J�º F �E�4 �®�J�Ö

�sF �E�4
 F�:�sF �E�4 �®�ß�4�; �®�6�¼ 

�2�¼ E�J�¼ F�E�4 �®�ß�4 �®�6�º 

Slika 11. Analiza snaga planetarnog prijenosnika 

 

Zadatkom su zadane brzine vrtnje vjetroagregata i ulazna snaga koje iznose: 

�J�» L �t�w���I�E�J�?�5 

�2�» L �s���/�9  

 

�8�O�D�]�Q�L���R�N�U�H�W�Q�L���P�R�P�H�Q�W���X���W�R�P���V�O�X�þ�D�M�X���L�]�Q�R�V�L�� 

�6�» L
�2�»

�t �®�è�®�J�»
L

�s�r�r�r�r�r�r

�t �®�è�®
�t�w
�x�r

L �u�z�s�{�y�s�á�z�x���0�I  
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Za daljnju analizu snaga, potreban nam je stupanj iskoristivosti standardnog prijenosnika koji 

iznosi: 

�ß�4 L �ß�5�6
�7 �®�ß�6�7

�7 �®�ß�Å
�: L �r�á�{�{�7 �®�r�á�{�{�7 �®�r�á�{�{�w�: L �r�á�{�s�u�x 

gdje su �ß�5�6 i �ß�6�7 �V�W�X�S�Q�M�H�Y�L�� �G�M�H�O�R�Y�D�Q�M�D�� �S�R�M�H�G�L�Q�L�K�� �S�D�U�R�Y�D�� �]�X�S�þ�D�Q�L�N�D���� �D���ß�Å stupanj djelovanja 

�S�R�M�H�G�L�Q�R�J���Y�D�O�M�Q�R�J���O�H�å�D�M�D�� 

�6�W�D�Q�G�D�U�G�Q�L���S�U�L�M�H�Q�R�V�Q�L���R�P�M�H�U���S�O�D�Q�H�W�D�U�Q�R�J���S�U�L�M�H�Q�R�V�Q�L�N�D���Y�H�ü���M�H���S�U�H�W�K�R�G�Q�R���R�G�U�H�ÿ�H�Q���L���L�]�Q�R�V�L�� 

�E�4 L F�u�á�w�v�w�v 

 

Okretni moment na izlazu iz planetarnog prijenosnika iznosi: 

�6�º L
F�6�»

�sF�E�4 �®�ß�4
L

F�u�z�s�{�y�s�á�z�x
�sE�u�á�w�v�w�v�®�r�á�{�s�u�x

L F�{�r�s�r�y�á�t�y���0�I  

 

Brzina vrtnje izlaznog vratila iznosi: 

�J�º L �J�5 L �s�s�u�á�x�u�x���I�E�J�?�5 

 

�%�X�G�X�ü�L���G�D���Y�D�Q�M�V�N�L���]�X�S�þ�D�Q�L�N���]3 miruje, njegova brzina vrtnje je: 

�J�¼L �r���I�E�J�?�5 

 

�3�U�L�S�D�G�Q�L���P�R�P�H�Q�W���N�R�M�L�P���M�H���S�R�W�U�H�E�Q�R���]�D�G�U�å�D�Y�D�W�L���]�X�S�þ�D�Q�L�N���L�]�Q�R�V�L�� 

�6�¼L F�E�4 �®�ß�4 �®�6�º L F�u�á�w�v�w�v�®�r�á�{�s�u�x�®�{�r�s�r�y�á�t�y L F�t�{�s�z�x�z�á�{�t���0�I  

 

Snaga na vratilima kod planetarnih prijenosnika dijeli se na dva dijela: 

�x PW �± �]�X�S�þana snaga 

�x PK �± �V�S�R�M�Q�L�þ�N�D���V�Q�D�J�D 

 

�2�S�ü�H�Q�L�W�R���P�R�å�H�P�R���U�H�ü�L���G�D���X���W�R�P���V�O�X�þ�D�M�X���Y�U�L�M�H�G�L���L�]�U�D�]���]�D���X�N�X�S�Q�X���V�Q�D�J�X�� 

�2 L �2�Ð E�2�Ä 
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Snage na vratilu B iznose: 

�2�Ð�» L �t �®�è�®�:�J�» F �J�Ë�; �®�6�» L �t �®�è�®�:�t�wF�t�w�; �®�u�z�s�{�y�s�á�z�xL �r���9  

�2�Ä�» L �t �®�è�®�J�Ë �®�6�» L �t �®�è�®
�t�w
�x�r

�®�u�z�s�{�y�s�á�z�xL �s���/�9  

 

Ukupna snaga na vratilu B iznosi: 

�2�» L �2�Ð�» E�2�Ä�» L �r E�sL �s���/�9  

 

Snage na vratilu C iznose: 

�2�Ð�¼L �t �®�è�®�:�J�¼F �J�Ë�; �®�6�¼L �t �®�è�®l�r F
�t�w
�x�r

p�®�:F�t�{�s�z�x�z�á�z�t�; L �y�x�v�s�s�r�á�y�z���9  

�2�Ä�» L �t �®�è�®�J�Ë �®�6�¼L �t �®�è�®
�t�w
�x�r

�®�:F�t�{�s�z�x�z�á�z�t�; L F�y�x�v�s�s�r�á�y�z���/�9  

 

Ukupna snaga na vratilu C iznosi: 

�2�¼L �2�Ð�¼E�2�Ä�¼L �y�x�v�s�s�r�á�y�zF �y�x�v�s�s�r�á�y�zL �r���9  

 

�=�D�� �R�G�U�H�ÿ�L�Y�D�Q�M�H�� �V�Q�D�J�H�� �Q�D�� �L�]�O�D�]�X�� �S�O�D�Q�H�W�D�U�Q�R�J�� �S�U�L�M�H�Q�R�V�Q�L�N�D���� �S�R�W�U�H�E�Q�R�� �M�H�� �R�G�U�H�G�L�W�L�� �X�N�X�S�Q�X��

�L�V�N�R�U�L�V�W�L�Y�R�V�W�����N�R�M�D���V�H���R�G�U�H�ÿ�X�M�H���L�]���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�ßL
�sF �ß�4 �®�E�4

�sF �E�4
L

�sE�r�á�{�s�u�x�®�u�á�w�v�w�v
�sE�u�á�w�v�w�v

L �r�á�{�u�t�x 

 

Ukupna snaga na vratilu A iznosi: 

�2�º L �ß�®�:F�2�»�; L �r�á�{�u�t�x�®�:F�s�; L F�r�á�{�u�t�x���/�9  

 

�6�S�R�M�Q�L�þ�N�D���L���]�X�S�þ�D�Q�D���V�Q�D�J�D���Q�D���Y�U�D�W�L�O�X���$���X���W�R�P���V�O�X�þ�D�M�X���L�]�Q�R�V�H�� 

�2�Ä�º L �t �®�è�®�J�Ë �®�6�º L �t �®�è�®
�t�w
�x�r

�®�:F�{�r�s�r�y�á�t�y�; L F�t�u�w�{�r�r�á�t�z���9  

�2�Ð�º L �2�º F �2�Ä�º L F�x�{�x�x�{�{�á�y�t���9  
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3.4�����5�M�H�ã�H�Q�M�H���N�L�Q�H�P�D�W�L�N�H���X���S�U�R�J�U�D�P�V�N�R�P���S�D�N�H�W�X���6�R�O�L�G�:�R�U�N�V 

�3�R�P�R�ü�X���G�R�G�D�W�N�D���6�R�O�L�G�:�R�U�N�V���0�R�W�L�R�Q���S�U�R�J�U�D�P�V�N�R�J���S�D�N�H�W�D���6�R�O�L�G�:�R�U�N�V���L�]�U�D�ÿ�H�Q�D���M�H���V�L�P�X�O�D�F�L�M�D��

�Y�U�W�Q�M�H�� �S�O�D�Q�H�W�D�U�Q�R�J�� �S�U�L�M�H�Q�R�V�Q�L�N�D���� �.�R�U�L�ã�W�H�Q�L�� �P�R�G�H�O�� �]�D�� �S�U�R�U�D�þ�X�Q�� �N�L�Q�H�P�D�W�L�N�H�� �S�O�D�Q�H�W�D�U�Q�R�J��

prijenosnika prikazan je na slici 12. 

 

Slika 12�����0�R�G�H�O���]�D���S�U�R�U�D�þ�X�Q���N�L�Q�H�Patike 

 

�=�D���L�]�U�D�þ�X�Q���L�]�O�D�]�Q�H���E�U�]�L�Q�H���Y�U�W�Q�M�H���N�R�U�L�ã�W�H�Q�L���V�X���V�O�M�H�G�H�ü�X���U�X�E�Q�L���X�Y�M�H�W�L�� 

�x Vanjski prsten je fiksiran (nema vrtnje) 

�x �8�O�D�]�Q�D���E�U�]�L�Q�D���Y�U�W�Q�M�H���Q�D���Y�R�G�L�O�L�F�L���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���M�H���������R�N�U�H�W�D�M�D���X���P�L�Q�X�W�L 
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Kao rezultat simulacije vrtnje u programskom paketu �6�R�O�L�G�:�R�U�N�V���� �G�R�E�L�Y�H�Q�� �M�H�� �V�O�M�H�G�H�ü�L�� �J�U�D�I��

�E�U�]�L�Q�D�� �Y�U�W�Q�M�H�� �F�H�Q�W�U�D�O�Q�R�J�� �]�X�S�þ�D�Q�L�N�D�� �L�� �Y�R�G�L�O�L�F�H�� �V�� �S�O�D�Q�H�W�D�U�Q�L�P�� �]�X�S�þ�D�Q�L�F�L�P�D�� Plavom bojom 

�S�U�L�N�D�]�D�Q�D���M�H���E�U�]�L�Q�D���Y�U�W�Q�M�H���F�H�Q�W�U�D�O�Q�R�J���]�X�S�þ�D�Q�L�N�D���V���Y�D�Q�M�V�N�L�P���R�]�X�E�O�M�H�Q�M�H�P�����D���Q�D�U�D�Q�þ�D�V�W�R�P���E�R�M�R�P��

je prikazana brzina vrtnje vodilice s pla�Q�H�W�D�U�Q�L�P���]�X�S�þ�D�Q�L�F�L�P�D�� 

 

Slika 13�����%�U�]�L�Q�H���Y�U�W�Q�M�H���S�R�M�H�G�L�Q�L�K���þ�O�D�Q�R�Y�D���S�U�L�M�H�Q�R�V�Q�L�Na 

 

�$�N�R�� �V�H�� �S�U�H�W�K�R�G�Q�R�� �L�]�U�D�þ�X�Q�D�W�H�� �E�U�]�L�Q�H�� �Y�U�W�Q�M�H�� �S�U�H�W�Y�R�U�H�� �X�� �P�M�H�U�Q�H�� �M�H�G�L�Q�L�F�H�� �S�U�L�N�D�]�D�Q�H�� �J�U�D�I�R�P����

�G�R�E�L�Y�D�P�R���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�J�» L �t�w���I�E�J�?�5 L
�t�w
�x�r

�Û�u�x�r�¹L �s�w�r�¹���O�?�5 

�J�º L �s�s�u�á�u�x�u���I�E�J�?�5 L
�s�s�u�á�x�u�x

�x�r
�Û�u�x�r�¹L �x�z�s�á�z�s�x�¹���O�?�5 

 

�8�V�S�R�U�H�G�E�R�P�� �L�]�U�D�þ�X�Q�D�W�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �E�U�]�L�Q�D�� �Y�U�W�Q�M�H�� �V�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �G�R�E�L�Y�H�Q�L�P�� �S�U�R�J�U�D�P�V�N�L�P��

�S�D�N�H�W�R�P���6�R�O�L�G�:�R�U�N�V�����]�D�N�O�M�X�þ�X�M�H���V�H���G�D���V�H���Y�U�L�M�H�G�Q�R�V�W�L���S�R�G�X�G�D�U�D�M�X���L���G�D���Q�L�M�H���G�R�ã�O�R���G�R���S�R�J�U�H�ã�N�H���X��

�S�U�R�U�D�þ�X�Q�X�� 
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3.5. Ori �M�H�Q�W�D�F�L�M�V�N�L���S�U�R�U�D�þ�X�Q���P�R�G�X�O�D 

�1�D���V�O�L�F�L�����������S�U�L�N�D�]�D�Q�D���M�H���V�K�H�P�D���R�]�Q�D�þ�D�Y�D�Q�M�D�����R�G�Q�R�V�Q�R���Q�X�P�H�U�L�U�D�Q�M�D���S�R�M�H�G�L�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

Slika 14�����6�K�H�P�D���Q�X�P�H�U�L�U�D�Q�M�D���]�X�S�þ�D�Q�L�N�D 

�0�R�G�X�O�� �]�X�S�þ�D�Q�L�N�D�� �V�H�� �R�G�U�H�ÿ�X�M�H�� �]�D�� �S�R�M�H�G�L�Q�H�� �S�D�U�R�Y�H�� �]�X�S�þ�D�Q�L�N�D���� �Q�R�� �E�X�G�X�ü�L�� �G�D�� �V�X�� �S�O�D�Q�Htarni 

�]�X�S�þ�D�Q�L�F�L���L�V�W�R�Y�U�H�P�H�Q�R���X���]�D�K�Y�D�W�X���V���G�Y�D���]�X�S�þ�D�Q�L�N�D�����P�R�G�X�O���R�E�D���S�D�U�D���P�R�U�D���E�L�W�L���M�H�G�Q�D�N�����S�D���ü�H���N�D�R��

�P�M�H�U�R�G�D�Y�Q�L�� �P�R�G�X�O�� �E�L�W�L�� �R�G�D�E�U�D�Q�� �Y�H�ü�L�� �R�G�� �G�Y�D�� �L�]�U�D�þ�X�Q�D�W�D���� �=�D�� �P�D�W�H�U�L�M�D�O�� �]�X�S�þ�D�Q�L�N�D�� �R�G�D�E�U�D�Q�� �M�H��

�N�D�O�M�H�Q�L���þ�H�O�L�N�������&�U�1�LMo7-6, pa se iz tog razloga orijentacijski modul o�G�U�H�ÿ�X�M�H���S�U�H�P�D���V�O�M�H�G�H�ü�H�P��

izrazu �S�R�P�R�ü�X���þ�Y�U�V�W�R�ü�H���X���N�R�U�L�M�H�Q�X���]�X�E�D���S�R�J�R�Q�V�N�R�J���]�X�S�þ�D�Q�L�N�D: 

�I R ¨
�t �®�6

�V�®�ã�®�ê�¿�É
�®�;�¿ �®�;�� �®�-�¿��

�/

 

3.5.1. �2�U�L�M�H�Q�W�D�F�L�M�V�N�L���S�U�R�U�D�þ�X�Q���P�R�G�X�O�D���S�D�U�D���]�X�S�þ�D�Q�L�N�D���]1 �± z2  

�2�U�L�M�H�Q�W�D�F�L�M�V�N�L���P�R�G�X�O���]�D���S�D�U���]�X�S�þ�D�Q�L�N�D���]1 �± z2 �R�G�U�H�ÿ�X�M�H���V�H���L�]���L�]�U�D�]�D�� 

�I �5�6R ¨
�t �®�6�5

�V�5 �®�ã�®�ê�¿�É
�®�;�¿ �®�;�� �®�-�¿��

�/

L ¨
�t �®�t�t�w�t�x�á�z�t

�t�t �®�t�w�®�t�z�x�á�x�y
�®�t�á�t �®�s�®�s

�/

L �z�á�u�x�{�x���I�I  

�J�G�M�H���V�X���S�U�H�G�U�D�þ�X�Q�V�N�H���Y�U�L�M�H�G�Q�R�V�W�L���I�D�N�W�R�U�D���;�¿ L �t�á�t, �;�� L �s, �-�¿�� L �s�����I�D�N�W�R�U���ã�L�U�L�Q�H���]�X�E�D���ãL �t�w. 

 

�2�N�U�H�W�Q�L���P�R�P�H�Q�W���Q�D���]�X�S�þ�D�Q�L�N�X���]2 iznosi: 

�6�5 L
�6�º
�0

L
�{�r�s�r�y�á�t�y

�v
L �t�t�w�t�x�á�z�t���0�I  

gd�M�H���M�H���E�U�R�M���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���0 L �v. 
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�'�R�S�X�ã�W�H�Q�D���Y�U�L�M�H�G�Q�R�V�W���Q�D�S�U�H�]�D�Q�M�D���X���N�R�U�L�M�H�Q�X���]�X�E�D��iznosi: 

�ê�¿�ÉL
�ê�¿�ß�Ü�à

�5�¿
L

�v�u�r
�s�á�w

L �t�z�x�á�x�y
�0

�I�I �6 

�J�G�M�H���M�H���G�L�Q�D�P�L�þ�N�D���L�]�G�U�å�O�M�L�Y�R�V�W���ê�¿�ß�Ü�àL �v�u�r
�Ç

�à�à �. , a potrebni faktor sigurnosti �5�¿ L �s�á�w. 

3.5.2. Orijentacijski pr �R�U�D�þ�X�Q���P�R�G�X�O�D���S�D�U�D���]�X�S�þ�D�Q�L�N�D���]2 �± z3 

�2�U�L�M�H�Q�W�D�F�L�M�V�N�L���P�R�G�X�O���]�D���S�D�U���]�X�S�þ�D�Q�L�N�D���]2 �± z3 �R�G�U�H�ÿ�X�M�H���V�H���L�]���L�]�U�D�]�D�� 

�I �6�7R ¨
�t �®�6�6

�V�6 �®�ã�®�ê�¿�É
�®�;�¿ �®�;�� �®�-�¿��

�/

L ¨
�t �®�y�t�{�x�x�á�s�w

�t�t �®�t�w�®�t�z�x�á�x�y
�®�t�á�t �®�s�®�s

�/

L �s�t�á�x�y�v�{���I�I  

�J�G�M�H���V�X���S�U�H�G�U�D�þ�X�Q�V�N�H���Y�U�L�M�H�G�Q�R�V�W�L���I�D�N�W�R�U�D���;�¿ L �t�á�t, �;�� L �s, �-�¿�� L �s�����I�D�N�W�R�U���ã�L�U�L�Q�H���]�X�E�D���ãL �t�w. 

�2�N�U�H�W�Q�L���P�R�P�H�Q�W���Q�D���]�X�S�þ�D�Q�L�N�X���]2 iznosi: 

�6�6 L
�6�¼
�0

L
�t�{�s�z�x�z�á�z�t

�v
L �y�t�{�x�x�á�s�w���0�I  

�J�G�M�H���M�H���E�U�R�M���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���0 L �v. 

�'�R�S�X�ã�W�H�Q�D���Y�U�L�M�H�G�Q�R�V�W���Q�D�S�U�H�]�D�Q�M�D���X���N�R�U�L�M�H�Q�X���]�X�E�D���L�]�Q�R�V�L�� 

�ê�¿�ÉL
�ê�¿�ß�Ü�à

�5�¿
L

�v�u�r
�s�á�w

L �t�z�x�á�x�y
�0

�I�I �6 

gdje je �G�L�Q�D�P�L�þ�N�D���L�]�G�U�å�O�M�L�Y�R�V�W���ê�¿�ß�Ü�àL �v�u�r
�Ç

�à�à �. , a potrebni faktor sigurnosti �5�¿ L �s�á�w. 

3.5.3. Odabrani modul 

�0�R�G�X�O���]�D���V�Y�D�������]�X�S�þ�D�Q�L�N�D���R�G�D�E�L�U�H���V�H���N�D�R���Q�D�M�Y�H�ü�L���R�G���G�Y�D���S�U�H�W�K�R�G�Q�R���L�]�U�D�þ�X�Q�D�W�D���S�U�H�P�D���V�O�M�H�G�H�ü�H�P��

izrazu: 

�I R�•�ƒ�š�<�I �5�6�á�I �6�7�=L �•�ƒ�š�<�z�á�u�x�{�x�á�s�t�á�x�y�v�{�=L �s�t�á�x�y�v�{���I�I  

 

Odabran je standardni modul drugog stupnja prioriteta: 

�I L �s�v���I�I  
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3.6�����'�L�P�H�Q�]�L�M�H���]�X�S�þ�D�Q�L�N�D 

3.6.1. Pomak profila 

�'�D���E�L���V�H���S�R�V�W�L�J�O�D���ã�W�R���E�R�O�M�H���V�Y�R�M�V�W�Y�D���R�]�X�E�O�M�H�Q�M�D�����N�D�R���ã�W�R���V�X���Q�S�U�����S�R�Y�H�ü�D�Q�M�H���R�S�W�H�U�H�W�L�Y�R�V�W�L���N�R�U�L�M�H�Q�D��

�L���E�R�N�R�Y�D���]�X�E�D�����S�R�Y�H�ü�D�Q�M�H���V�W�X�S�Q�M�D���S�U�H�N�U�L�Y�D�Q�M�D�����S�R�E�R�O�M�ã�D�Y�D�Q�M�H���X�Y�M�H�W�D���N�O�L�]�D�Q�M�D�����D���L���G�D���E�L���V�H���R�V�Q�L��

razmak sveo na standardi, potrebno je provesti pomak profila. 

Osni razmak iznosi: 

�=L �I �®
�V�5 E�V�6

�t
L �s�v�®

�t�t E�t�z
�t

L �u�w�r���I�I  

 

�1�D�M�E�O�L�å�L���V�W�D�Q�G�D�U�G�Q�L���R�V�Q�L���U�D�]�P�D�N���M�H���R�V�Q�L���U�D�]�P�D�N���W�U�H�ü�H�J���U�H�G�D�� 

�=�ê L �u�w�w���I�I  

 

Da bi se osni razmak mogao svesti na standardni osni razmak, potrebno je odrediti sumu 

pomaka profila �]�X�S�þ�D�Q�L�N�D���]1 i z2�����N�R�M�D���V�H���R�G�U�H�ÿ�X�M�H���L�]���L�]�U�D�]�D�� 

�T�5 E�T�6 L �:�V�5 E�V�6�; �®
�A�R�Ù�ê F �A�R�Ù

�t �®�P�C�Ù
L �:�t�t E�t�z�; �®

�A�R�t�t�á�s�s�¹F �A�R�t�r�¹
�t �®�P�C�t�r�¹

L �r�á�u�y�w�w 

�J�G�M�H���M�H���N�X�W���]�D�K�Y�D�W�D���]�X�S�þ�D�Q�L�N�D���Ù�ê L �?�K�O�?�5�@
�Ô

�Ô�â
�®�?�K�O�Ù�AL �?�K�O�?�5�@

�7�9�4

�7�9�9
�®�?�K�O�t�r�¹�AL �t�t�á�s�s�¹. 

 

Zbroj pomaka profila �]�X�S�þ�D�Q�L�N�D���]2 i z3 treba biti jednak po iznosu zbroju pomaka profila z1 i 

z2, ali suprotnog predznaka, pa on stoga iznosi: 

�T�6 E�T�7 L F�r�á�u�y�w�w 

 

�2�G�D�E�U�D�Q���M�H���S�R�P�D�N���S�U�R�I�L�O�D���]�X�S�þ�D�Q�L�N�D���]1 prema �N�U�L�W�H�U�L�M�X���R�S�W�L�P�D�O�Q�R�J���V�S�H�F�L�I�L�þ�Q�R�J���N�O�L�]�D�Q�M�D���L���L�]�Q�R�V�L�� 

�T�5 L �r�á�t�u�y 

 

�6�D�G�D���V�H���P�R�J�X���R�G�U�H�G�L�W�L���L���S�R�P�D�F�L���S�U�R�I�L�O�D���S�U�H�R�V�W�D�O�L�K���]�X�S�þ�D�Q�L�N�D�� 

�T�6 L �r�á�u�y�w�wF�T�5 L �r�á�u�y�w�wF�r�á�t�u�yL �r�á�s�u�z�w 

�T�7 L F�r�á�u�y�w�wF�T�6 L F�r�á�u�y�w�wF�r�á�s�u�z�wL F�r�á�w�s�v 
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�'�D���E�L���U�D�V�S�R�G�M�H�O�D���Q�R�V�L�Y�R�V�W�L���E�L�O�D���ã�W�R���E�R�O�M�H�����P�R�U�D���Y�U�L�M�H�G�L�W�L �V�O�M�H�G�H�ü�L���X�Y�M�H�W���N�R�G���U�D�V�S�R�G�M�H�O�H���S�R�P�D�N�D��

profila: 

�T�6 E�T�7 Q�r 

�r�á�s�u�z�wF�r�á�w�s�vL F�r�á�u�y�w�wO�r 

Uvjet je zadovoljen. 

 

3.6���������3�U�R�P�M�H�U�L���]�X�S�þ�D�Q�L�N�D 

�7�M�H�P�H�Q�D���]�U�D�þ�Q�R�V�W�����S�U�H�P�D���,�6�2���S�U�H�S�R�U�X�F�L�����L�]�Q�R�V�L�� 

�?L �r�á�t�w�®�I L �r�á�t�w�®�s�vL �u�á�w���I�I  

 

�=�X�S�þ�D�Q�L�N��z1 

Diobeni promjer: 

�@�5 L �I �®�V�5 L �s�v�®�t�t L �u�r�z���I�I  

 

Tjemeni promjer: 

�@�Ô�5 L �@�5 E�t �®�I �®�:�sE�T�5�; L �u�r�zE�t �®�s�v�®�:�sE�r�á�t�u�y�; L �u�v�t�á�x�v���I�I  

 

Kinematski promjer: 

�@�ê�5 L �@�5 �®
�?�K�O�Ù

�?�K�O�Ù�ê
L �u�r�z�®

�?�K�O���t�r�¹
�?�K�O�t�t�á�s�s�¹

L �u�s�t�á�v�����I�I  

 

Korijenski promjer: 

�@�Ù�5 L �@�5 F �t �®�I E�t �®�T�5 �®�I F �t �®�?L �u�r�zF �t �®�s�vE�t �®�r�á�t�u�y�®�s�vF �t �®�u�á�w

L �t�y�{�á�x�v���I�I  

 

Temeljni promjer: 

�@�Õ�5 L �@�ê�5 �®�?�K�O�Ù�ê L �u�s�t�á�v�®�?�K�O�t�t�á�s�s�¹L �t�z�{�á�v�w���I�I  
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�=�X�S�þ�D�Q�L�N��z2 

Diobeni promjer: 

�@�6 L �I �®�V�6 L �s�v�®�t�z L �u�{�t���I�I  

 

Tjemeni promjer: 

�@�Ô�6 L �@�6 E�t �®�I �®�:�sE�T�6�; L �u�{�tE�t �®�s�v�®�:�sE�r�á�s�u�z�w�; L �v�t�u�á�z�z���I�I  

 

Kinematski promjer: 

�@�ê�6 L �@�6 �®
�?�K�O�Ù

�?�K�O�Ù�ê
L �u�{�t�®

�?�K�O���t�r�¹
�?�K�O�t�t�á�s�s�¹

L �u�{�y�á�x�����I�I  

 

Korijenski promjer: 

�@�Ù�6 L �@�6 F �t �®�I E�t �®�T�6 �®�I F �t �®�?L �u�{�tF�t �®�s�vE�t �®�r�á�s�u�z�w�®�s�vF �t �®�u�á�w

L �u�x�r�á�z�z���I�I  

 

Temeljni promjer: 

�@�Õ�6 L �@�ê�6 �®�?�K�O�Ù�ê L �u�{�y�á�x�®�?�K�O�t�t�á�s�s�¹L �u�x�z�á�u�x���I�I  

 

�=�X�S�þ�D�Q�L�N��z3 

Diobeni promjer: 

�@�7 L �I �®�V�7 L �s�v�®�y�zL �s�r�{�t���I�I  

 

Tjemeni promjer: 

�@�Ô�7 L �@�7 F �t �®�I �®�:�sE�T�7�; L �s�r�{�tF �t �®�s�v�®�:�sF �r�á�w�s�v�; L �s�r�y�z�á�u�{���I�I  

 

Kinematski promjer: 

�@�ê�7 L �@�7 �®
�?�K�O�Ù

�?�K�O�Ù�ê
L �s�r�{�t�®

�?�K�O���t�r�¹
�?�K�O�t�t�á�s�s�¹

L �s�s�r�y�á�x�����I�I  
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Korijenski promjer: 

�@�Ù�7 L �@�7 E�t �®�I F�t �®�T�7 �®�I E�t �®�?L �s�r�tE�t �®�s�vE�t �®�r�á�w�s�v�®�s�vE�t �®�u�á�w

L �s�s�v�s�á�u�{���I�I  

 

Temeljni promjer: 

�@�Õ�7 L �@�ê�7 �®�?�K�O�Ù�ê L �s�s�r�y�á�x�®�?�K�O�t�t�á�s�s�¹L �s�r�t�x�á�s�v���I�I  

 

�.�R�Q�W�U�R�O�D���W�M�H�P�H�Q�H���]�U�D�þ�Q�R�V�W�L�� 

�7�M�H�P�H�Q�D���]�U�D�þ�Q�R�V�W���S�D�U�D���]�X�S�þ�D�Q�L�N�D���]1 �± z2 

�?�5�6L �=�ê F
�@�Ô�5 E�@�Ù�6

�t
L �u�u�wF

�u�v�t�á�x�vE�u�x�r�á�z�z
�t

L �u�á�t�v���I�I  

 

�7�M�H�P�H�Q�D���]�U�D�þ�Q�R�V�W���S�D�U�D���]�X�S�þ�D�Q�L�N�D���]2 �± z3 

�?�6�7L
�@�Ô�7 F �@�Ù�6

�t
F �=�ê L

�s�r�y�z�á�u�{F �u�x�r�á�z�z
�t

F �u�u�wL �u�á�y�x���I�I  

 

�0�L�Q�L�P�D�O�Q�D���W�M�H�P�H�Q�D���]�U�D�þ�Q�R�V�W�L���L�]�Q�R�V�L�� 

�?�à�Ü�áL �r�á�s�t�®�I L �r�á�s�t�®�s�vL �s�á�x�z���I�I  

 

�7�M�H�P�H�Q�H���]�U�D�þ�Q�R�V�W�L���R�E�D���S�D�U�D���]�X�S�þ�D�Q�L�N�D���Y�H�ü�H���V�X���R�G���P�L�Q�L�P�D�O�Q�H���S�U�H�S�R�U�X�þ�H�Q�H���W�M�H�P�H�Q�H���]�U�D�þ�Q�R�V�W�L����

�S�D���Q�L�M�H���S�R�W�U�H�E�Q�R���V�N�U�D�ü�H�Q�M�H���W�M�H�P�H�Q�D���]�X�S�þ�D�Q�L�N�D�� 
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Slika 15�����3�U�L�N�D�]���]�D�K�Y�D�W�D���]�X�S�þ�D�Q�L�N�D���]1 �± z2 

 

 

Slika 16�����3�U�L�N�D�]���]�D�K�Y�D�W�D���]�X�S�þ�D�Q�L�N�D���]2 �± z3 
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3.7�����8�J�U�D�G�E�H�Q�L���N�U�L�W�H�U�L�M�L���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D 

3.7.1. Kriterij koaksijalnosti 

�2�V�Q�L���U�D�]�P�D�F�L���S�R�M�H�G�L�Q�L�K���]�X�S�þ�D�Q�L�K���S�D�U�R�Y�D��prijenosnika moraju biti odabrani tako da se ostvari 

koaksijalnost �Y�U�D�W�L�O�D���F�H�Q�W�U�D�O�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

 

Slika 17. Kriterij  koaksijalnosti 

Da bi kriterij �N�R�D�N�V�L�M�D�O�Q�R�V�W�L���E�L�R���]�D�G�R�Y�R�O�M�H�Q�����R�V�Q�L���U�D�]�P�D�F�L���R�E�D���]�X�S�þ�D�Q�D���S�D�U�D���P�R�U�D�M�X���E�L�W�L���M�H�G�Q�D�N�L����

odnosno mora vrijediti izraz: 

�=�5�6L �=�6�7 

�$�N�R���L�]�U�D�]�L�P�R���R�V�Q�H���U�D�]�P�D�N�H���S�U�H�N�R���N�L�Q�H�P�D�W�V�N�L�K���S�U�R�P�M�H�U�D���]�X�S�þ�D�Q�L�N�D�����G�R�E�L�Y�D�P�R���V�O�M�H�G�H�ü�L���L�]�U�D�]�� 

�@�ê�5 E�@�ê�6

�t
L

�@�ê�7 F �@�ê�6

�t
 

�u�s�t�á�vE�u�{�y�á�x
�t

L
�s�s�r�y�á�xF �u�{�y�á�x

�t
 

�u�w�w���I�I L �u�w�w���I�I  

Kriterij  koaksijalnosti je zadovoljen. 
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3.7.2. Kriterij susjednosti 

�.�U�L�W�H�U�L�M���V�X�V�M�H�G�Q�R�V�W�L���R�G�Q�R�V�L���V�H���Q�D���E�U�R�M���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���N�R�M�L���V�H���P�R�J�X���X�J�U�D�G�L�W�L���X���S�U�L�M�H�Q�R�V�Q�L�N����

�,�]�P�H�ÿ�X���G�Y�D���V�X�V�M�H�G�Q�D���S�O�D�Q�H�W�D�U�Q�D���]�X�S�þ�D�Q�L�N�D���P�R�U�D���S�R�V�W�R�M�D�W�L���R�G�U�H�ÿ�H�Q�L���P�L�Q�L�P�D�O�Q�L���]�D�]�R�U���¿�G kako 

�Q�H���E�L���G�R�ã�O�L���X���G�R�G�L�U���W�M�H�P�H�Q�L���G�L�M�H�O�R�Y�L���]�X�E�D���G�Y�D�M�X���V�X�V�M�H�G�Q�L�K���]�X�S�þ�D�Q�L�N�D�����7�D�M���]�D�]�R�U���R�Y�L�V�L���R���W�R�þ�Q�R�V�W�L��

izrade prijenosnika i ne bi smio biti manji od �s���I , gdje je m modul ozubljenja. 

Slika 18. Kriterij susjednosti  

 

�,�]���N�U�L�W�H�U�L�M�D���V�X�V�M�H�G�Q�R�V�W�L���V�O�L�M�H�G�L���L�]�U�D�]���]�D���P�D�N�V�L�P�D�O�Q�L���E�U�R�M���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�Na: 

�0 Q
�è

�ƒ�”�…�•�‹�•�@
�@�Ô�6 E�I

�@�ê�5 E�@�ê�6
�A
 

�0 Q
�è

�ƒ�”�…�•�‹�•�@
�u�{�tE�s�v

�u�s�t�á�vE�u�{�y�á�x�A
 

�0 Q�v�á�y�t�y�t 

 

�3�U�H�W�K�R�G�Q�R�� �M�H�� �Y�H�ü�� �R�G�D�E�U�D�Q�� �E�U�R�M�� �S�O�D�Q�H�W�D�U�Q�L�K�� �]�X�S�þ�D�Q�L�N�D���0 L �v, pa je kriterij susjednosti 

zadovoljen. 
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3.7.3. Kriterij sprezanja  

�.�U�L�W�H�U�L�M���V�S�U�H�]�D�Q�M�D���R�G�Q�R�V�L���V�H���Q�D���E�U�R�M���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D koji se mogu ugraditi u prijenosnik s 

�J�O�H�G�L�ã�W�D���L�V�S�U�D�Y�Q�R�J���V�S�U�H�]�D�Q�M�D���S�O�D�Q�H�W�D�U�Q�L�K���L���F�H�Q�W�U�D�O�Q�L�K���]�X�S�þ�D�Q�L�N�D���� 

Slika 19. Kriterij sprezanja  

 

Najmanji ugradbeni kut iznosi: 

�Ü�à�Ü�áL
�u�x�r�¹

�V�5 E�V�7
L

�u�x�r�¹
�t�t E�y�z

L �u�á�x�¹ 

 

Kut �Ü �N�R�G���N�R�M�H�J���M�H���P�R�J�X�ü�D���X�J�U�D�G�Q�M�D���V�O�M�H�G�H�ü�H�J���S�O�D�Q�H�W�D�U�Q�R�J���]�X�S�þ�D�Q�L�N�D���R�G�U�H�ÿ�X�M�H���V�H���L�]���L�]�U�D�]�D�� 

�ÜL �G�®�Ü�à�Ü�áL �{�r�¹ 

gdje je �GL
�í�-�>�í�/

�Ç
L

�6�6�>�;�<

�8
L �t�w  

�,�]�U�D�þ�X�Q�D�W�R���M�H���G�D���M�H���I�D�N�W�R�U���G �F�L�M�H�O�L���E�U�R�M�����ã�W�R���]�Q�D�þ�L���G�D���M�H���P�R�J�X�ü�D���X�J�U�D�G�Q�M�D���v planetarna �]�X�S�þ�D�Q�L�N�D 

�S�R�G���P�H�ÿ�X�V�R�E�Q�L�P���N�X�W�H�P���Rd �{�r�¹. 
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3.8. �7�R�O�H�U�D�Q�F�L�M�H���]�X�S�þ�D�Q�L�N�D 

�8�Q�X�W�D�U���V�W�D�Q�G�D�U�G�Q�R�J���U�D�]�P�D�N�D���R�V�L���Y�U�D�W�L�O�D���P�R�U�D���E�L�W�L���V�D�G�U�å�D�Q���S�R�P�D�N���S�U�R�I�L�O�D���L���R�G�J�R�Y�D�U�D�M�X�ü�D���N�U�X�å�Q�D��

�]�U�D�þ�Q�R�V�W���Q�D���N�L�Q�H�P�D�W�V�N�R�P���S�U�R�P�M�H�U�X�����.�U�X�å�Q�D���]�U�D�þ�Q�R�V�W���M�H���S�R�V�O�M�H�G�L�F�D���R�G�V�W�X�S�D�Q�M�D���G�H�E�O�M�L�Q�H���]�X�E�D���L��

�R�G�V�W�X�S�D�Q�M�D���U�D�]�P�D�N�D�� �R�V�L�� �Y�U�D�W�L�O�D���� �.�U�X�å�Q�D �]�U�D�þ�Q�R�V�W�� �G�L�M�H�O�L�� �V�H�� �Q�D�� �R�E�D�� �]�X�S�þ�D�Q�L�N�D���� �S�D�� �Q�D�� �V�Y�D�N�L�� �]�X�E��

otpada polovica.  

Slika 20�����.�U�X�å�Q�D���]�U�D�þ�Q�R�V�W 

3.8.1. Nazivna mjera preko nekoliko zubi 

�1�D�]�L�Y�Q�D���P�M�H�U�D���S�U�H�N�R���Q�H�N�R�O�L�N�R���]�X�E�L���]�D���N�R�Q�W�U�R�O�X���J�U�D�Q�L�þ�Q�L�K���R�G�V�W�X�S�D�Q�M�D���M�H���L�]�P�M�H�U�D���U�D�]�P�D�N�D���]�X�E�L��

koji se mogu mjeriti.  

Slika 21. Nazivna mjera preko nekoliko zubi 
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�2�G�U�H�ÿ�X�M�H���V�H���L�]���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�9 L �I �®�?�K�O�Ù�®�:�è�®�:�V�ê F �r�á�w�; E�V�®�A�R�ÙE�t �®�T�®�P�C�Ù�; 

gdje je �V�ê �P�M�H�U�Q�L���E�U�R�M���]�X�E�L���Q�D�]�L�Y�Q�H���L�]�P�M�H�U�H�����R�G�U�H�ÿ�H�Q���L�]���L�]�U�D�]�D�� 

�V�ê L
�V
�è

�®�:�P�C�Ù�ë F �A�R�Ù�; F
�t �®�T�®�P�C�Ù

�è
E�r�á�w 

�P�C�Ù�ë L ¨ �P�C�6�ÙE
�v�®�@

�T
�V�A�®�@

�sE�T
�V �A

�?�K�O�Ù
 

 

�=�X�S�þ�D�Q�L�N���� 

�9�5 L �I �®�?�K�O�Ù�®�:�è�®�:�V�ê�5 F �r�á�w�; E�V�5 �®�A�R�ÙE�t �®�T�5 �®�P�C�Ù�;

L �s�v�®�?�K�O�t�r�¹�®�:�è�®�:�uF �r�á�w�; E�t�t �®�A�R�t�r�¹E�t �®�r�á�t�u�y�®�P�C�t�r�¹�;

L �s�r�{�á�{�s���I�I  

�V�ê�5 L
�V�5
�è

�®�:�P�C�Ù�ë�5 F �A�R�Ù�; F
�t �®�T�5 �®�P�C�Ù

�è
E�r�á�wL

�t�t
�è

�®�:�r�á�u�x�y�wF�A�R�t�r�¹�; F
�t �®�r�á�t�u�y�®�P�C�t�r�¹

�è

L �t�á�v�s�\ �u 

�P�C�Ù�ë�5 L
¨

�P�C�6�ÙE
�v�®�@

�T�5
�V�5

�A�®�@
�sE�T�5

�V�5
�A

�?�K�O�Ù
L ¨ �P�C�6�t�r�¹E

�v�®�@
�r�á�t�u�y

�t�t �A�®�@
�sE�r�á�t�u�y

�t�t �A

�?�K�O�t�r�¹
L �r�á�u�x�y�w 

 

�=�X�S�þ�D�Q�L�N��2 

�9�6 L �I �®�?�K�O�Ù�®�:�è�®�:�V�ê�6 F �r�á�w�; E�V�6 �®�A�R�ÙE�t �®�T�6 �®�P�C�Ù�;

L �s�v�®�?�K�O�t�r�¹�®�:�è�®�:�vF �r�á�w�; E�t�z�®�A�R�t�r�¹E�t �®�r�á�s�u�z�w�®�P�C�t�r�¹�;

L �s�w�s�á�v�y���I�I  

�V�ê�6 L
�V�6
�è

�®�:�P�C�Ù�ë�6 F �A�R�Ù�; F
�t �®�T�6 �®�P�C�Ù

�è
E�r�á�w

L
�t�z
�è

�®�:�r�á�u�x�w�sF�A�R�t�r�¹�; F
�t �®�r�á�s�u�z�w�®�P�C�t�r�¹

�è
L �u�á�r�{ �\ �v 

�P�C�Ù�ë�6 L
¨

�P�C�6�ÙE
�v�®�@

�T�6
�V�6

�A�®�@
�sE�T�6

�V�6
�A

�?�K�O�Ù
L ¨ �P�C�6�t�r�¹E

�v�®�@
�r�á�s�u�z�w

�t�z �A�®�@
�sE�r�á�s�u�z�w

�t�z �A

�?�K�O�t�r�¹
L �r�á�u�x�w�s 
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�=�X�S�þ�D�Q�L�N��3 

�9�7 L �I �®�?�K�O�Ù�®�:�è�®�:�V�ê�7 F �r�á�w�; E�V�7 �®�A�R�ÙE�t �®�T�7 �®�P�C�Ù�;

L �s�v�®�?�K�O�t�r�¹�®�:�è�®�:�{ F �r�á�w�; E�y�z�®�A�R�t�r�¹F �t �®�r�á�w�s�v�®�P�C�t�r�¹�;

L �s�r�{�á�{�s���I�I  

�V�ê�7 L
�V�7
�è

�®�:�P�C�Ù�ë�7 F �A�R�Ù�; F
�t �®�T�7 �®�P�C�Ù

�è
E�r�á�wL

�y�z
�è

�®�:�r�á�u�x�u�yF �A�R�t�r�¹�; E
�t �®�r�á�w�s�v�®�P�C�t�r�¹

�è

L �z�á�y�z�\ �{ 

�P�C�Ù�ë�7 L
©

�P�C�6�ÙE
�v�®�@

�T�7
�V�7

�A�®�@
�sE�T�7

�V�7
�A

�?�K�O�Ù
L ¨ �P�C�6�t�r�¹E

�v�®�@
�r�á�t�u�y

�y�z �A�®�@
�sF�r�á�w�s�v

�y�z �A

�?�K�O�t�r�¹
L �r�á�u�x�u�y 

3.8.2. Izbor �N�U�X�å�Q�H���]�U�D�þ�Q�R�V�W�L 

�2�U�L�M�H�Q�W�D�F�L�M�V�N�D���Y�H�O�L�þ�L�Q�D���N�U�X�å�Q�H���]�U�D�þ�Q�R�V�W�L���]�D���]�X�S�þ�D�Q�L�N�H���E�H�]�� �S�R�V�H�E�Q�L�K���]�D�K�W�M�H�Y�D���L�]�Q�R�V�L���]�D���P�R�G�X�O��

m=14 mm: 

�F�à�Ô�ëL �w�x�r���ä�I 

�F�à�Ü�áL �u�y�r���ä�I 

 

3.8���������,�]�E�R�U���J�U�D�Q�L�þ�Q�L�K���R�G�V�W�X�S�D�Q�M�D���U�D�]�P�D�N�D���R�V�L���Y�U�D�W�L�O�D 

�=�D���N�Y�D�O�L�W�H�W�X���R�E�U�D�G�H���]�X�S�þ�D�Q�L�N�D��� �������L���U�D�]�P�D�N���R�V�L vratila a = 355 mm: 

�#�Ô�á�Ú L �t�{���ä�I 

�#�Ô�á�× L F�t�{���ä�I 

 

�2�V�Q�L���U�D�]�P�D�N�����V���R�E�]�L�U�R�P���Q�D���J�U�D�Q�L�þ�Q�D���R�G�V�W�X�S�D�Q�M�D�����L�]�Q�R�V�L�� 

�=L �u�w�wG�r�á�r�t�{���I�I  
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3.8���������*�U�D�Q�L�þ�Q�D���R�G�V�W�X�S�D�Q�M�D���G�H�E�O�M�L�Q�H���]�X�E�L 

Za modul m = 14 mm, diobene promjere d1 = 308 mm, d2 = 392 mm, d3 = 1092 mm i kvalitetu 

�]�X�S�þ�D�Q�L�N�D�������R�G�D�E�U�D�Q�R���M�H�� 

�#�ê�5�á�Ú L F�t�s�x���ä�I 

�#�ê�5�á�× L F�u�t�v���ä�I 

�#�ê�6�á�Ú L F�t�t�v���ä�I 

�#�ê�6�á�× L F�u�u�x���ä�I 

�#�ê�7�á�Ú L F�t�v�z���ä�I 

�#�ê�7�á�× L F�u�y�t���ä�I 

3.8.5. Izbor dozvoljenih odstupanja 

Za modul m = 14 mm, diobene promjere d1 = 308 mm, d2 = 392 mm, d3 = 1092 mm i kvalitetu 

�]�X�S�þ�D�Q�L�N�D�������R�G�D�E�U�D�Q�R���M�H�� 

�6�Ü�5
�ñ�ñL �t�s�z���ä�I 

�6�Ü�6
�ñ�ñL �t�t�w���ä�I 

�6�Ü�7
�ñ�ñL �t�v�x���ä�I 

 

�'�D���E�L���V�H���L�]�E�M�H�J�O�R���]�D�J�O�D�Y�O�M�L�Y�D�Q�M�H���]�X�E�D���R���]�X�E���]�X�S�þ�D�Q�L�N�D���X���]�D�K�Y�D�W�X�����P�R�U�D�M�X���E�L�W�L���L�V�S�X�Q�M�H�Q�L���V�O�M�H�G�H�ü�L��

uvjeti: 

�F�à�Ü�á�5�6P �t �®�:�6�Ü�5
�ñ�ñE�6�Ü�6

�ñ�ñ�; �®�P�C�Ù�ê L �t �®�:�t�s�zE�t�t�w�; �®�P�C�t�t�á�s�s�¹L �u�x�r���ä�I 

�F�à�Ü�á�6�7P �t �®�:�6�Ü�6
�ñ�ñE�6�Ü�7

�ñ�ñ�; �®�P�C�Ù�ê L �t �®�:�t�t�wE�t�v�x�; �®�P�C�t�t�á�s�s�¹L �u�z�u���ä�I 

3.8.6. Kontrola 

�F�à�Ü�á�5�6L F
�#�ê�5�á�ÚE�#�ê�6�á�Ú

�?�K�O�Ù
E�t �®�#�Ô�á�× �®�P�C�Ù�ê L F

F�t�s�xF �t�t�v
�?�K�O�t�r�¹

F �t �®�t�{ �®�P�C�t�t�á�s�s�¹

L �v�v�w�����ä�I 
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�F�à�Ô�ë�5�6L F
�#�ê�5�á�× E�#�ê�6�á�×

�?�K�O�Ù
E�t �®�#�Ô�á�Ú�®�P�C�Ù�ê L F

F�u�t�vF �u�u�x
�?�K�O�t�r�¹

F �t �®�t�{ �®�P�C�t�t�á�s�s�¹

L �y�t�x���ä�I 

 

�F�à�Ü�á�6�7L F
�#�ê�6�á�ÚE�#�ê�7�á�Ú

�?�K�O�Ù
E�t �®�#�Ô�á�× �®�P�C�Ù�ê L F

F�t�t�vF �t�v�z
�?�K�O�t�r�¹

F �t �®�t�{ �®�P�C�t�t�á�s�s�¹

L �v�y�{�����ä�I 

�F�à�Ô�ë�6�7L F
�#�ê�6�á�× E�#�ê�7�á�×

�?�K�O�Ù
E�t �®�#�Ô�á�Ú�®�P�C�Ù�ê L F

F�u�u�xF �u�y�t
�?�K�O�t�r�¹

F �t �®�t�{ �®�P�C�t�t�á�s�s�¹

L �y�y�y���ä�I 

3.8���������2�V�W�Y�D�U�H�Q�D���V�U�H�G�Q�M�D���Y�U�L�M�H�G�Q�R�V�W���N�U�X�å�Q�H���]�U�D�þ�Q�R�V�W�L 

�F�5�6L
�F�à�Ü�á�5�6E�F�à�Ô�ë�5�6

�t
L

�v�v�wE�y�y�x
�t

L �w�z�w���ä�I 

�F�6�7L
�F�à�Ü�á�6�7E�F�à�Ô�ë�6�7

�t
L

�v�y�{E�y�y�y
�t

L �x�t�z���ä�I 

3.9. Kontrola naprezanja 

3.9.1. Kontrola �Q�D�S�U�H�]�D�Q�M�D���]�X�S�þ�D�Q�R�J���S�D�U�D���]1 �± z2 

3.9.1.1. Kontrola naprezanja u korijenu zuba 

Naprezanje u korijenu zuba �]�X�S�þ�D�Q�R�J���S�D�U�D���]1 �± z2 iznosi: 

�ê�¿ L
�(�ç�5

�>�®�I
�®�;�¿ �®�;�Ì �®�;�	 �®�;�» �®�;�½�Í�®�-�º �®�-�Ï �®�-�¿�	 �®�-�¿��

L
�s�u�v�v�{�y�á�s�v

�t�x�w�®�s�v
�®�s�á�v�u�®�t �®�s�®�s�®�s�®�s�á�t�w�®�s�á�r�s�®�s�á�v�w�®�sL �s�z�{�á�z�r

�0
�I�I �6 

 

�7�D�Q�J�H�Q�F�L�M�D�O�Q�D���V�L�O�D���Q�D���]�X�S�þ�D�Q�L�N�X���]1 iznosi: 

�(�ç�5 L
�t �®�6�5

�0 �®�@�ê�5
L

�t �®�z�v�r�u�u�á�z�s
�v�®�u�s�t�á�v

L �s�u�v�v�{�y�á�s�v���0 
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�=�D���I�D�N�W�R�U�H���X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�;�¿ L �s�á�v�u 

�;�Ì L �t 

�;�	 L �s 

�;�» L �s 

�;�½�Í L �s 

�-�º L �s�á�t�w 

�-�Ï L �s�á�r�s 

�-�¿�	 L �s�á�v�w 

�-�¿�� L �s 

�'�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���]�X�S�þ�D�Q�R�J���S�D�U�D���]1 �± z2 u korijenu zuba: 

�ê�¿�ÉL
�ê�¿�ß�Ü�à�®�;�Ì�Í �®�;�Ç�Í

�5�¿�à�Ü�á
�®�;���å�Ø�ß�Í�®�;�Ë�å�Ø�ß�Í�®�;�Ñ L

�v�u�r�®�t �®�r�á�{�r�x
�s�á�v

�®�r�á�{�{�y�®�r�á�{�w�y�®�r�á�{�s

L �v�z�u�á�t�t
�0

�I�I �6 

�'�L�Q�D�P�L�þ�N�D���L�]�G�U�å�O�M�L�Y�R�V�W���þ�H�O�L�N�D�������&�U�1�L�0�R��-6 i minimalni potrebni faktor sigurnosti iznose: 

�ê�¿�ß�Ü�àL �v�u�r
�0

�I�I �6 

�5�¿�à�Ü�áL �s�á�v 

�=�D���I�D�N�W�R�U�H���X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�;�Ì�Í L �t 

�;�Ç�Í L �r�á�{�r�x 

�;���å�Ø�ß�ÍL �r�á�{�{�y 

�;�Ë�å�Ø�ß�ÍL �r�á�{�w�y 

�;�Ñ L �r�á�{�s 

 

Naprezanje u korijenu zuba �]�X�S�þ�D�Q�L�N�D���]1 �± z2 �M�H���P�D�Q�M�H���R�G���G�R�S�X�ã�W�H�Q�R�J���Q�D�S�U�H�]�D�Q�M�D�����S�D���R�G�D�E�U�D�Q�L��

�P�D�W�H�U�L�M�D�O���L���J�H�R�P�H�W�U�L�M�D���]�X�S�þ�D�Q�L�N�D���]�D�G�R�Y�R�O�M�D�Y�D�M�X���S�U�R�U�D�þ�X�Q�� 
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3.9.1.2. Hertzov kontaktni pritisak u bokovima zuba 

�1�D�S�U�H�]�D�Q�M�H���X���E�R�N�R�Y�L�P�D���]�X�E�D���]�X�S�þ�D�Q�R�J���S�D�U�D���]1 �± z2 iznosi: 

�ê�Á L �<�» �®�<�Á �®�<�¾�®�<�� �®�<�	 �®¨
�(�ç�5

�@�5 �®�>
�®
�Q�5�6E�s

�Q�5�6
�®�-�º �®�-�Ï �®�-�Á�	 �®�-�Á��

L �s�á�r�t �®�t�á�u�x�®�s�z�{�á�z�s�®�r�á�{�r�{ �®�s

�®¨
�s�u�v�v�{�y�á�s�v
�u�r�z�®�t�x�w

�®
�s�á�t�y�t�yE�s

�s�á�t�y�t�y
�®�s�á�t�w�®�s�á�r�s�®�s�á�w�t�®�sL �{�z�x�á�{�w

�0
�I�I �6 

 

�7�D�Q�J�H�Q�F�L�M�D�O�Q�D���V�L�O�D���Q�D���]�X�S�þ�D�Q�L�N�X���]1 iznosi: 

�(�ç�5 L �s�u�v�v�{�y�á�s�v���0 

 

�3�D�U�F�L�M�D�O�Q�L���S�U�L�M�H�Q�R�V�Q�L���R�P�M�H�U���]�X�S�þ�D�Q�L�N�D���]1 �± z2 iznosi: 

�Q�5�6L
�V�6
�V�5

L
�t�z
�t�t

L �s�á�t�y�t�y 

�=�D���I�D�N�W�R�U�H���X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�<�» L �s�á�r�t 

�<�Á L �t�á�u�x 

�<�¾L �s�z�{�á�z�s
�¾�0
�I�I

 

�<�� L �r�á�{�r�{ 

�<�	 L �s 

�-�º L �s�á�t�w 

�-�Ï L �s�á�r�s 

�-�Á�	 L �s�á�w�t 

�-�Á�� L �s 

 

 

 

 



Mateo Vugrinec Diplomski rad 

Fakultet strojarstva i brodogradnje 36 

�'�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���]�X�S�þ�D�Q�R�J���S�D�U�D���]1 �± z2 u korijenu zuba: 

�ê�Á�ÉL
�ê�Á�ß�Ü�à�®�<�Ç�Í

�5�Á�à�Ü�á
�®�<�Å�®�<�Ï �®�<�Ë �®�<�Ð �®�<�Ñ L

�s�w�r�r�®�r�á�{�u�x
�s

�®�s�á�r�t �®�r�á�{�w�{�®�r�á�{�{�v�®�s�®�s

L �s�u�x�w�á�s�t
�0

�I�I �6 

 

�'�L�Q�D�P�L�þ�N�D���L�]�G�U�å�O�M�L�Y�R�V�W���þ�H�O�L�N�D��18CrNiMo7-6 i minimalni potrebni faktor sigurnosti iznose: 

�ê�Á�ß�Ü�àL �s�w�r�r
�0

�I�I �6 

�5�Á�à�Ü�áL �s 

�=�D���I�D�N�W�R�U�H���X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�<�Ç�Í L �r�á�{�u�x 

�<�Å L �s�á�r�t 

�<�Ï L �r�á�{�w�{ 

�<�Ë L �r�á�{�{�v 

�<�Ð L �s 

�<�Ñ L �s 

 

Naprezanje u boku zuba �]�X�S�þ�D�Q�L�N�D�� �]1 �± z2 je man�M�H�� �R�G�� �G�R�S�X�ã�W�H�Q�R�J�� �Q�D�S�U�H�]�D�Q�M�D���� �S�D�� �R�G�D�E�U�D�Q�L��

�P�D�W�H�U�L�M�D�O���L���J�H�R�P�H�W�U�L�M�D���]�X�S�þ�D�Q�L�N�D���]�D�G�R�Y�R�O�M�D�Y�D�M�X���S�U�R�U�D�þ�X�Q�� 

3.9.2�����.�R�Q�W�U�R�O�D���Q�D�S�U�H�]�D�Q�M�D���]�X�S�þ�D�Q�R�J���S�D�U�D���]2 �± z3 

3.9.2.1. Kontrola naprezanja u korijenu zuba 

�1�D�S�U�H�]�D�Q�M�H���X���N�R�U�L�M�H�Q�X���]�X�E�D���]�X�S�þ�D�Q�R�J���S�D�U�D���]2 �± z3 iznosi: 

�ê�¿ L
�(�ç�6

�>�®�I
�®�;�¿ �®�;�Ì �®�;�	 �®�;�» �®�;�½�Í�®�-�º �®�-�Ï �®�-�¿�	 �®�-�¿��

L
�s�u�v�v�{�y�á�s�v

�t�x�w�®�s�v
�®�s�á�s�w�®�t�á�s�v�®�s�®�s�®�s�®�s�á�t�w�®�s�á�r�s�®�s�á�r�{ �®�sL �s�t�t�á�y�y

�0
�I�I �6 
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�7�D�Q�J�H�Q�F�L�M�D�O�Q�D���V�L�O�D���Q�D���]�X�S�þ�D�Q�L�N�X���]2 iznosi: 

�(�ç�6 L �(�ç�5 L �s�u�v�v�{�y�á�s�v���0 

�=�D���I�D�N�W�R�U�H���X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�;�¿ L �s�á�s�w 

�;�Ì L �t�á�s�v 

�;�	 L �s 

�;�» L �s 

�;�½�Í L �s 

�-�º L �s�á�t�w 

�-�Ï L �s�á�r�s 

�-�¿�	 L �s�á�r�{ 

�-�¿�� L �s 

�'�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���]�X�S�þ�D�Q�R�J���S�D�U�D���]2 �± z3 u korijenu zuba: 

�ê�¿�ÉL
�ê�¿�ß�Ü�à�®�;�Ì�Í �®�;�Ç�Í

�5�¿�à�Ü�á
�®�;���å�Ø�ß�Í�®�;�Ë�å�Ø�ß�Í�®�;�Ñ L

�v�u�r�®�t �®�r�á�{�u�x
�s�á�v

�®�r�á�{�{�x�®�r�á�{�w�y�®�r�á�{�s

L �v�{�z�á�y�t
�0

�I�I �6 

�'�L�Q�D�P�L�þ�N�D���L�]�G�U�å�O�M�L�Y�R�V�W���þ�H�O�L�N�D�������&�U�1�L�0�R��-6 i minimalni potrebni faktor sigurnosti iznose: 

�ê�¿�ß�Ü�àL �v�u�r
�0

�I�I �6 

�5�¿�à�Ü�áL �s�á�v 

�=�D���I�D�N�W�R�U�H���X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�;�Ì�Í L �t 

�;�Ç�Í L �r�á�{�u�x 

�;���å�Ø�ß�ÍL �r�á�{�{�x 

�;�Ë�å�Ø�ß�ÍL �r�á�{�w�y 

�;�Ñ L �r�á�{�s 

 

Naprezanje u korijenu zuba �]�X�S�þ�D�Q�L�N�D���]2 �± z3 �M�H���P�D�Q�M�H���R�G���G�R�S�X�ã�W�H�Q�R�J���Q�D�S�U�H�]�D�Q�M�D�����S�D���R�G�D�E�U�D�Q�L��

�P�D�W�H�U�L�M�D�O���L���J�H�R�P�H�W�U�L�M�D���]�X�S�þ�D�Q�L�N�D���]�D�G�R�Y�R�O�M�D�Y�D�M�X���S�U�R�U�D�þ�X�Q�� 
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3.9.2.2. Hertzov kontaktni pritisak u bokovima zuba 

�1�D�S�U�H�]�D�Q�M�H���X���E�R�N�R�Y�L�P�D���]�X�E�D���]�X�S�þ�D�Q�R�J���S�D�U�D���]2 �± z3 iznosi: 

�ê�Á L �<�» �®�<�Á �®�<�¾�®�<�� �®�<�	 �®¨
�(�ç�6

�@�6 �®�>
�®
�Q�6�7E�s

�Q�6�7
�®�-�º �®�-�Ï �®�-�Á�	 �®�-�Á��

L �s�á�s�t�®�t�á�u�x�®�s�z�{�á�z�s�®�r�á�z�x�v�®�s

�®¨
�s�u�v�v�{�y�á�s�v
�u�{�t�®�t�x�w

�®
F�t�á�y�z�w�yE�s

F�t�á�y�z�w�y
�®�s�á�t�w�®�s�á�r�s�®�s�á�r�{ �®�sL �v�x�u�á�t�w

�0
�I�I �6 

 

�7�D�Q�J�H�Q�F�L�M�D�O�Q�D���V�L�O�D���Q�D���]�X�S�þ�D�Q�L�N�X���]2 iznosi: 

�(�ç�6 L �s�u�v�v�{�y�á�s�v���0 

 

Parcijalni prijenosni omjer �]�X�S�þ�D�Q�L�N�D���]2 �± z3 iznosi: 

�Q�6�7L
F�V�7
�V�6

L
F�y�z
�t�z

L F�t�á�y�z�w�y 

 

�=�D���I�D�N�W�R�U�H���X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�<�» L �s�á�s�t 

�<�Á L �t�á�u�x 

�<�¾L �s�z�{�á�z�s
�¾�0
�I�I

 

�<�� L �r�á�z�x�v 

�<�	 L �s 

�-�º L �s�á�t�w 

�-�Ï L �s�á�r�s 

�-�Á�	 L �s�á�r�{ 

�-�Á�� L �s 
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�'�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���]�X�S�þ�D�Q�R�J���S�D�U�D���]2 �± z3 u boku zuba: 

�ê�Á�ÉL
�ê�Á�ß�Ü�à�®�<�Ç�Í

�5�Á�à�Ü�á
�®�<�Å�®�<�Ï �®�<�Ë �®�<�Ð �®�<�Ñ L

�s�w�r�r�®�r�á�{�z�v
�s

�®�s�á�r�t �®�r�á�{�w�{�®�s�á�r�t�z�®�s�®�s

L �s�v�z�v�á�t�t
�0

�I�I �6 

 

�'�L�Q�D�P�L�þ�N�D���L�]�G�U�å�O�M�L�Y�R�V�W���þ�H�O�L�N�D�������&�U�1�L�0�R��-6 i minimalni potrebni faktor sigurnosti iznose: 

�ê�Á�ß�Ü�àL �s�w�r�r
�0

�I�I �6 

�5�Á�à�Ü�áL �s 

Za faktore �X�W�M�H�F�D�M�D���R�G�U�H�ÿ�H�Q�H���V�X���V�O�M�H�G�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

�<�Ç�Í L �r�á�{�z�v 

�<�Å L �s�á�r�t 

�<�Ï L �r�á�{�w�{ 

�<�Ë L �s�á�r�t�z 

�<�Ð L �s 

�<�Ñ L �s 

 

Naprezanje u boku zuba �]�X�S�þ�D�Q�L�N�D�� �]2 �± z3 �M�H�� �P�D�Q�M�H�� �R�G�� �G�R�S�X�ã�W�H�Q�R�J�� �Q�D�S�U�H�]�D�Q�M�D���� �S�D�� �R�G�D�E�U�D�Q�L��

�P�D�W�H�U�L�M�D�O���L���J�H�R�P�H�W�U�L�M�D���]�X�S�þ�D�Q�L�N�D���]�D�G�R�Y�R�O�M�D�Y�D�M�X���S�U�R�U�D�þ�X�Q�� 
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4. Num�H�U�L�þ�N�D���D�Q�D�O�L�]�D���þ�Y�U�V�W�R�ü�H���P�H�W�R�G�R�P���N�R�Q�D�þ�Q�L�K���H�O�H�P�H�Q�D�W�D 

4.1. Definiranje dijelova, sklopova i svojstava materijala 

�1�X�P�H�U�L�þ�N�D�� �D�Q�D�O�L�]�D�� �þ�Y�U�V�W�R�ü�H�� �P�H�W�R�G�R�P�� �N�R�Q�D�þ�Q�L�K�� �H�O�H�P�H�Q�D�W�D�� �Q�D�S�U�D�Y�O�M�H�Q�D�� �M�H�� �X�� �S�U�R�J�U�D�P�V�N�R�P��

paketu Abaqus 6.13.1. Provedena je dvodimenzionalna �V�W�D�W�L�þ�N�D�� �D�Q�D�O�L�]�D�� �]�X�S�þ�D�Q�L�N�D�� Prikaz 

modela za analizu prikazan je na slici 22. 

 

�&�H�Q�W�U�D�O�Q�L���]�X�S�þ�D�Q�L�N���V�D���Y�D�Q�M�V�N�L�P��

ozubljenjem 

�&�H�Q�W�U�D�O�Q�L���]�X�S�þ�D�Q�L�N���V���X�Q�X�W�D�U�Q�M�L�P���R�]�X�E�O�M�H�Q�M�H�P 

�3�O�D�Q�H�W�D�U�Q�L���]�X�S�þ�D�Q�L�N 

 

Slika 22. �0�R�G�H�O�L���]�X�S�þ�D�Q�L�N�D���]�D���D�Q�D�O�L�]�X 
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�=�D���D�Q�D�O�L�]�X���V�X���E�L�O�D���N�R�U�L�ã�W�H�Q�D���V�O�M�H�G�H�ü�D���V�Y�R�M�V�W�Y�D���P�D�W�H�U�L�M�D�O�D�� 

�x �*�X�V�W�R�ü�D���������� kg/m3 

�x �<�R�X�Q�J�R�Y���P�R�G�X�O���H�O�D�V�W�L�þ�Q�R�V�W�L�������������� MPa 

�x Poissonov faktor 0,3 

 
Pojedini dijelovi planetarnog prijenosnika sklopljeni u sklop u programskom paketu Abaqus 
prikazani su na slici 23. 
 

Slika 23. Sklop planetarnog prijenosnika 

 

�.�R�Q�W�D�N�W�� �L�]�P�H�ÿ�X�� �S�R�M�H�G�L�Q�L�K�� �N�R�P�S�R�Q�H�Q�W�L�� �G�H�I�L�Q�L�U�D�Q�� �M�H�� �Q�D�� �Q�D�þ�L�Q�� �G�D�� �V�H�� �R�V�W�Y�D�U�X�M�H�� �Q�R�U�P�D�O�Q�R�� �L��

�W�D�Q�J�H�Q�F�L�M�D�O�Q�R���S�R�Q�D�ã�D�Q�M�H���X���W�R�þ�N�L���G�R�G�L�U�D�����1�R�U�P�D�O�Q�D���N�R�P�S�R�Q�H�Q�W�D���R�V�W�Y�D�U�X�M�H���V�H���N�D�R��Hard contact, 

a tangencija�O�Q�D���N�R�P�S�R�Q�H�Q�W�D���V�H���R�V�W�Y�D�U�X�M�H���X�]���W�U�H�Q�M�H�����þ�L�M�L���N�R�H�I�L�F�L�M�H�Q�W���L�]�Q�R�V�L���������� 

�'�D���E�L���V�H���R�V�Q�L���U�D�]�P�D�N���L�]�P�H�ÿ�X���]�X�S�þ�D�Q�L�N�D���R�G�U�å�D�R���N�R�Q�V�W�D�Q�W�Q�L�P�����G�H�I�L�Q�L�U�D�Q�H���V�X���Y�H�]�H���L�]�P�H�ÿ�X���V�U�H�G�L�ã�W�D��

�S�R�M�H�G�L�Q�L�K���]�X�S�þ�D�Q�L�N�D�����N�R�M�H���V�H���R�V�W�Y�D�U�X�M�X���S�U�H�N�R���V�Y�R�M�V�W�Y�D��Link�����N�R�M�H���R�G�U�å�D�Y�D���U�D�]�P�D�N���Q�D���S�U�H�W�K�R�G�Q�R��

�L�]�U�D�þ�X�Q�D�W�L�K�����������P�P�� 
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4.2. Rubni uvjeti 

�3�U�L���D�Q�D�O�L�]�L���V�X���N�R�U�L�ã�W�H�Q�L���V�O�M�H�G�H�ü�L���U�X�E�Q�L���X�Y�M�H�W�L�� 
�x �&�H�Q�W�U�D�O�Q�L���]�X�S�þ�D�Q�L�N���V���X�Q�X�W�D�U�Q�M�L�P���R�]�X�E�O�M�H�Q�M�H�P���M�H���I�L�N�V�L�U�D�Q 
�x �&�H�Q�W�U�D�O�Q�L���]�X�S�þ�D�Q�L�N���V���Y�D�Q�M�V�N�L�P���R�]�X�E�O�M�H�Q�M�H�P��ima dozvoljenu samo rotaciju oko svoje 

osi, dok su ostali pomaci blokirani 
�x �1�D���F�H�Q�W�U�D�O�Q�L���]�X�S�þ�D�Q�L�N���V���Y�D�Q�M�V�N�L�P���R�]�X�E�O�M�H�Q�M�H�P���S�U�L�P�M�H�Q�M�X�M�H���V�H���R�N�U�H�W�Q�L���P�R�P�H�Q�W���R�G��

84033810 Nmm 
�x �3�O�D�Q�H�W�D�U�Q�L���]�X�S�þ�D�Q�L�F�L���L�P�D�M�X���G�R�]�Y�R�O�M�H�Q�X���V�D�P�R���U�R�W�D�F�L�M�X���R�N�R���V�Y�R�M�H���R�V�L�����G�R�N���V�X���L�P���R�V�W�D�O�L��

pomaci blokirani 
 
Rubni uvjeti prikazani su na slici 24. 
 

Slika 24. Rubni uvjeti 
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�����������.�R�Q�D�þ�Q�L���H�O�H�P�H�Q�W�L���L���P�U�H�å�H 

�8�� �D�Q�D�O�L�]�L�� �V�X�� �N�R�U�L�ã�W�H�Q�L���G�Y�R�G�L�P�H�Q�]�L�R�Q�D�O�Q�L�� �N�R�Q�D�þ�Q�L�� �H�O�H�P�H�Q�W�L�� �&�3�6���5�� �]�D�� �U�D�Y�Q�L�Q�V�N�R�� �V�W�D�Q�M�H��

�Q�D�S�U�H�]�D�Q�M�D���V�D�������þ�Y�R�U�D���L�������V�W�X�S�Q�M�H�Y�D���V�O�R�E�R�G�H�����.�R�U�L�ã�W�H�Q�L���N�R�Q�D�þ�Q�L���H�O�H�P�H�Q�W���S�U�L�N�D�]�D�Q���M�H���Q�D���V�O�L�F�L����5. 

Slika 25�����.�R�U�L�ã�W�H�Q�L���&�3�6���5���N�R�Q�D�þ�Q�L���H�O�H�P�H�Q�W 

 

�*�H�Q�H�U�L�U�D�Q�H�� �P�U�H�å�H�� �S�R�M�H�G�L�Q�L�K���]�X�S�þ�D�Q�L�N�D�� �L�� �G�H�W�D�O�M�Q�L�M�L�� �S�U�L�N�D�]�� �P�U�H�å�H�� �]�X�E�D�� �S�R�M�H�G�L�Q�L�K�� �]�X�S�þ�D�Q�L�N�D��

prikazane su na slikama 26., 27. i 28�����1�D���V�O�L�N�D�P�D���V�X���S�U�L�N�D�]�D�Q�H���V�D�P�R���Q�D�M�J�X�ã�ü�H���P�U�H�å�H�����R�G�Q�R�V�Q�H��

�P�U�H�å�H���X���D�Q�D�O�L�]�L �V�D���Q�D�M�Y�L�ã�H���N�R�Q�D�þ�Q�L�K���H�O�H�P�H�Q�D�W�D�� 

 
 

Slika 26�����0�U�H�å�D���F�H�Q�W�U�D�O�Q�R�J���]�X�S�þ�D�Q�L�N�D���V���Y�D�Q�M�V�N�L�P���R�]�X�E�O�M�H�Q�M�H�P 
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Slika 27�����0�U�H�å�D���S�O�D�Q�H�W�D�U�Q�R�J���]�X�S�þ�D�Q�L�N�D 

 

 

 

Slika 28�����0�U�H�å�D���F�H�Q�W�U�D�O�Q�R�J �]�X�S�þ�D�Q�L�N�D���V���X�Q�X�W�D�U�Q�M�L�P���R�]�X�E�O�M�H�Q�M�H�P 
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4.4. Rezultati analize 

Prikaz naprezanja u sklopu nalazi se na slici 29.  

Slika 29. Prikaz naprezanja planetarnog prijenosnika 

�3�U�L�N�D�]�� �Q�D�S�U�H�]�D�Q�M�D�� �X�� �N�R�Q�W�D�N�W�X�� �F�H�Q�W�U�D�O�Q�R�J�� �]�X�S�þ�D�Q�L�N�D�� �V�� �Y�D�Q�M�V�N�L�P�� �R�]�X�E�O�M�H�Q�M�H�P�� �L�� �S�O�D�Q�H�W�D�U�Q�R�J��

�]�X�S�þ�D�Q�L�N�D���Q�D�O�D�]�L���V�H���Q�D���V�O�L�F�L��30. 

 

Slika 30. Prikaz naprezanja z1 �± z2 
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�3�U�L�N�D�]�� �Q�D�S�U�H�]�D�Q�M�D�� �X�� �N�R�Q�W�D�N�W�X�� �F�H�Q�W�U�D�O�Q�R�J�� �]�X�S�þ�D�Q�L�N�D�� �V�D�� �X�Q�X�W�D�U�Q�M�L�P�� �R�]�X�E�O�M�H�Q�M�Hm i planetarnog 

�]�X�S�þ�D�Q�L�N�D���Q�D�O�D�]�L���V�H���Q�D���V�O�L�F�L����1. 

Slika 31. Prikaz naprezanja z2 �± z3 

 

4.5. Provjera konvergencije rezultata 

�'�D���E�L���V�H���R�V�L�J�X�U�D�O�D���W�R�þ�Q�R�V�W���U�H�]�X�O�W�D�W�D���L���G�D���E�L���V�H���R�G�U�H�G�L�R���G�R�Y�R�O�M�D�Q���E�U�R�M���N�R�Q�D�þ�Q�L�K���H�O�H�P�H�Q�D�W�D���G�D���E�L��

se postigla konvergencija, potrebno je napraviti dijagram konvergencije da bi se vidjelo da li se 

�N�R�Q�D�þ�Q�L���U�H�]�X�O�W�D�W���S�U�L�E�O�L�å�D�Y�D���W�R�þ�Q�R�P���U�H�]�X�O�W�D�W�X���L�O�L���U�M�H�ã�H�Q�M�H���Q�H���N�R�Q�Y�H�U�J�L�U�D�����1�D���V�O�L�F�L����2. je prikazan 

�G�L�M�D�J�U�D�P���N�R�Q�Y�H�U�J�H�Q�F�L�M�H���Q�D�M�Y�H�ü�H�J���Q�D�S�U�H�]�D�Q�M�D�� 
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Slika 32. Dijagram konvergencije naprezanja 

 

4.6. Usporedba rezultata 

�8���W�D�E�O�L�F�L���������S�U�L�N�D�]�D�Q�D���M�H���X�V�S�R�U�H�G�E�D���Q�D�S�U�H�]�D�Q�M�D���G�R�E�L�Y�H�Q�L�K���S�U�R�U�D�þ�X�Q�R�P���S�U�H�P�D���Q�R�U�P�L���,�6�2�������������L��

�Q�D�S�U�H�]�D�Q�M�D���G�R�E�L�Y�H�Q�L�K���Q�X�P�H�U�L�þ�N�R�P���D�Q�D�O�L�]�R�P���X���S�U�R�J�U�D�P�V�N�R�P���S�D�N�H�W�X���$�E�D�T�X�V�� 

 

Metoda �=�X�S�þ�D�Q�L���S�D�U Mjesto naprezanja Naprezanje [MPa] 

ISO 6336 

z1-z2 
Bok zuba 986,95 

Korijen zuba 189,80 

z2-z3 
Bok zuba 463,25 

Korijen zuba 122,77 

Abaqus 

z1-z2 
Bok zuba 436,1 

Korijen zuba 78,1 

z2-z3 
Bok zuba 222,4 

Korijen zuba 61,2 

Tablica 2�����8�V�S�R�U�H�G�E�D���S�U�R�U�D�þ�X�Q�D���Q�D�S�U�H�]�D�Q�M�D���]�X�S�þ�D�Q�L�N�D 
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�5�H�]�X�O�W�D�W�L���S�U�R�U�D�þ�X�Q�D���Q�D�S�U�H�]�D�Q�M�D���X���N�R�U�L�M�H�Q�X���L���Q�D���E�R�N�R�Y�L�P�D���]�X�E�D���U�D�]�O�L�N�X�M�X���V�H���N�R�G���S�U�R�U�D�þ�X�Q�D���S�U�H�P�D��

�Q�R�U�P�L�� �,�6�2�� ���������� �L�� �N�R�G�� �Q�X�P�H�U�L�þ�N�H�� �P�H�W�R�G�H�� �N�R�Q�D�þ�Q�L�K�� �H�O�H�P�H�Q�D�W�D �S�R�P�R�ü�X�� �S�U�R�J�U�D�P�V�N�R�J�� �S�D�N�H�W�D��

Abaqus. �5�D�]�O�L�N�D���V�H���M�D�Y�O�M�D���]�E�R�J���W�R�J�D���ã�W�R���V�H���N�R�G���V�W�D�W�L�þ�N�H���D�Q�D�O�L�]�H���N�R�Q�W�D�N�W���M�D�Y�O�M�D���X���G�U�X�J�R�M���W�R�þ�N�L�����D��

�Q�H�� �X�� �N�U�L�W�L�þ�Q�R�M�� �W�R�þ�N�L�� �X�� �N�R�M�R�M�� �V�H�� �L�]�U�D�þ�X�Q�D�Y�D�� �Q�D�S�U�H�]�D�Q�M�H�� �S�U�H�P�D�� �Q�R�U�P�L�� �,�6�2�� ������������ �'�U�X�J�L�� �U�D�]�O�R�J��

�U�D�]�O�L�N�H���X���U�H�]�X�O�W�D�W�L�P�D���S�U�R�U�D�þ�X�Q�D���Q�D�S�U�H�]�D�Q�M�D���M�H���W�D�M���ã�W�R���V�H���N�R�G���S�U�R�U�D�þ�X�Q�D���Q�D�S�U�H�]�Dnja prema normi 

�,�6�2�������������X���R�E�]�L�U���X�]�L�P�D�M�X���U�D�]�O�L�þ�L�W�L���I�D�N�W�R�U�L���X�W�M�H�F�D�M�D���Q�D���Q�D�S�U�H�]�D�Q�M�H���N�R�M�L���V�H���M�D�Y�O�M�D�M�X���N�D�G���Q�H�P�D�P�R��

�L�G�H�D�O�Q�L���N�R�Q�W�D�N�W�����R�G�Q�R�V�Q�R���X�]�L�P�D���V�H���X���R�E�]�L�U���Q�H�V�D�Y�U�ã�H�Q�L���N�R�Q�W�D�N�W���S�R���ã�L�U�L�Q�L���]�X�S�þ�D�Q�L�N�D�����I�D�N�W�R�U�L���R�E�O�L�N�D��

zuba kao i drugi faktori korekcije naprezanja. 
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5�����3�5�2�5�$�ý�8�1���2�6�2�9�,�1�$���,���9�5�$�7�,�/�$ 

5.1. Dimenzioniranje �R�V�R�Y�L�Q�D���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D 

�6�K�H�P�D�W�V�N�L���P�R�G�H�O���]�D���G�L�P�H�Q�]�L�R�Q�L�U�D�Q�M�H���L���S�U�R�U�D�þ�X�Q���R�V�R�Y�L�Q�D���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���S�U�L�N�D�]�D�Q���M�H���Q�D��

slici 33.  

Slika 33. Shematski model osovine planetarnih �]�X�S�þ�D�Q�L�N�D 

 

Sile prikazane na slici 33. iznose: 

�7�D�Q�J�H�Q�F�L�M�D�O�Q�D���V�L�O�D���Q�D���]�X�S�þ�D�Q�L�N�X������ 

�(�ç�5 L �s�u�v�v�{�y�á�s�v���0 

�7�H�å�L�Q�D���]�X�S�þ�D�Q�L�N�D������ 

�)�í�6 L �s�y�u�®�{�á�z�sL �s�x�{�y�á�s�u���0 

�0�D�N�V�L�P�D�O�Q�L���P�R�P�H�Q�W���V�D�Y�L�M�D�Q�M�D���S�R�V�W�L�å�H���V�H���Q�D���V�U�H�G�L�Q�L���R�V�R�Y�L�Q�H���L���L�]�Q�R�V�L�� 

�/ �Ù�á�à�Ô�ëL
�t �®�(�ç�5 E�)�í�6

�t
�®
�u�x�u
�t

L
�t �®�s�u�v�v�{�y�á�s�vE�s�x�{�y�á�s�u

�t
�®
�u�x�u
�t

L �t�v�w�x�w�á�t�v���0�I  
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�0�L�Q�L�P�D�O�Q�L���S�R�W�U�H�E�Q�L���S�U�R�P�M�H�U���R�V�R�Y�L�Q�H���R�G�U�H�ÿ�X�M�H���V�H���L�]���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�@�â�á�à�Ü�áR ¨
�s�r�®�/ �Ù�á�à�Ô�ë

�ê�Ù�½�Ç�á�×�â�ã

�/
L ¨

�s�r�®�t�v�w�x�w�t�v�r
�s�w�r

�/

L �s�s�y�á�z�y���I�I  

gdje je �ê�Ù�½�Ç�á�×�â�ãL �s�w�r
�Ç

�à �à �.�����G�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���P�D�W�H�U�L�M�D�O�D���R�V�R�Y�L�Q�H���(�������� 

 

Oda�E�U�D�Q���M�H���S�U�R�P�M�H�U���R�V�R�Y�L�Q�H���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

�@�â L �s�t�r���I�I  

�����������9�U�D�W�L�O�R���F�H�Q�W�U�D�O�Q�R�J���]�X�S�þ�D�Q�L�N�D���V���Y�D�Q�M�V�N�L�P���R�]�X�E�O�M�H�Q�M�H�P 

�6�K�H�P�D�W�V�N�L�� �P�R�G�H�O�� �]�D�� �G�L�P�H�Q�]�L�R�Q�L�U�D�Q�M�H�� �L�� �S�U�R�U�D�þ�X�Q�� �Y�U�D�W�L�O�D�� �F�H�Q�W�U�D�O�Q�R�J�� �]�X�S�þ�D�Q�L�N�D�� �V�� �Y�D�Q�M�V�N�L�P��

ozubljenjem prikazan je na slici 34.  

Slika 34. Shematski model vratila 1 
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Sile prikazane na slici 34. iznose: 

�7�H�å�L�Q�D���]�X�S�þ�D�Q�L�N�D������ 

�)�í�5 L �s�s�r�®�{�á�z�sL �s�r�y�{�á�s���0 

 

�7�H�å�L�Q�D���V�N�O�R�S�D���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���L���Y�R�G�L�O�L�F�H�� 

�)�Ì L �)�í�6 E�)�È E�t �®�)�ÅE�r�á�w�®�)�Ë L �s�x�{�y�á�s�uE�u�y�t�á�y�zE�t �®�s�r�s�á�r�vE�r�á�w�®�t�s�r�{�á�s�w

L �u�u�t�x�á�w�y���0 

�*�G�M�H���V�X���W�H�å�L�Q�D���]�X�S�þ�D�Q�L�N�D������ 

�)�í�6 L �s�y�u�®�{�á�z�sL �s�x�{�y�á�s�u���0 

�7�H�å�L�Q�D���R�V�R�Y�L�Q�H���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

�)�È L �u�z�®�{�á�z�sL �u�y�t�á�y�z���0 

�7�H�å�L�Q�D���S�R�M�H�G�L�Q�R�J���O�H�å�D�M�D���Q�D���R�V�R�Y�L�Q�L���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

�)�Å L �s�r�á�u�®�{�á�z�sL �s�r�s�á�r�v���0 

�,���W�H�å�L�Q�D���V�Y�D�N�H���U�X�þ�L�F�H�� 

�)�Ë L �t�s�w�®�{�á�z�sL �t�s�r�{�á�s�w���0 

 

Maksimalni moment savijanja nalazi se u desnom osloncu�����R�G�Q�R�V�Q�R���O�H�å�D�M�X i iznosi: 

�/ �Ù�á�à�Ô�ëL �(�º �®�s�u�yL �w�x�w�v�á�y�s�®�s�u�yL �y�y�v�á�x�{���0�I  

 

Okretni moment koji se prenosi vratilom 1 iznosi: 

�6L �6�5 L �z�v�r�u�u�á�z�s���0�I  

 

Reducirani moment na vratilu 1 iznosi: 

�/ �å�Ø�×L §�/ �Ù�á�à�Ô�ë
�6 E�r�á�y�w�®�:�Ù�4 �®�6�;�6 L ¥�y�y�v�á�{�x�6 E�r�á�y�w�®�:�r�á�{�y�u�w�®�z�v�r�u�u�á�z�s�;�6

L �y�r�z�w�u�á�v�v���0�I  

gdje je: 

�Ù�4 L
�ê�Ù�½�Ç

�s�á�y�u�®�ì�ç�½�Â
L

�u�t�r
�s�á�y�u�®�s�{�r

L �r�á�{�y�u�w 

�J�G�M�H���V�X���V�Y�R�M�V�W�Y�D���R�G�D�E�U�D�Q�R�J���P�D�W�H�U�L�M�D�O�D���(���������V�O�M�H�G�H�ü�D�� 
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�ê�Ù�½�ÇL �u�t�r
�0

�I �I �6 

�ì�ç�½�ÂL �s�{�r
�0

�I �I �6 

�0�L�Q�L�P�D�O�Q�L���S�R�W�U�H�E�Q�L���S�U�R�P�M�H�U���Y�U�D�W�L�O�D�������R�G�U�H�ÿ�X�M�H���V�H���S�U�H�P�D���V�O�M�H�G�H�ü�H�P���L�]�U�D�]�X�� 

�@�5�á�à�Ü�áR ¨
�s�r�®�/ �Ù�á�à�Ô�ë

�ê�Ù�½�Ç�á�×�â�ã

�/
L ¨

�s�r�®�y�r�z�w�u�v�v�r
�s�w�r

�/

L �s�x�y�á�y�{���I�I  

 

Odabran je promjer vratila 1: 

�@�5 L �s�y�r���I�I  

�����������9�U�D�W�L�O�R���U�X�þ�L�F�H���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D 

�6�K�H�P�D�W�V�N�L���P�R�G�H�O���]�D���G�L�P�H�Q�]�L�R�Q�L�U�D�Q�M�H���L���S�U�R�U�D�þ�X�Q���Y�U�D�W�L�O�D���U�X�þ�L�F�H���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D prikazan 

je na slici 35.  

Slika 35. Shematski model vratila 2 
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Sile prikazane na slici 35. iznose: 

�7�H�å�L�Q�D���V�N�O�R�S�D���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���L���Y�R�G�L�O�L�F�H�� 

�)�Ì L �)�í�6 E�)�È E�t �®�)�ÅE�r�á�w�®�)�Ë L �s�x�{�y�á�s�uE�u�y�t�á�y�zE�t �®�s�r�s�á�r�vE�r�á�w�®�t�s�r�{�á�s�w

L �u�u�t�x�á�w�y���0 

�*�G�M�H���V�X���W�H�å�L�Q�D���]�X�S�þ�D�Q�L�N�D������ 

�)�í�6 L �s�y�u�®�{�á�z�sL �s�x�{�y�á�s�u���0 

�7�H�å�L�Q�D���R�V�R�Y�L�Q�H���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

�)�È L �u�z�®�{�á�z�sL �u�y�t�á�y�z���0 

�7�H�å�L�Q�D���S�R�M�H�G�L�Q�R�J���O�H�å�D�M�D���Q�D���R�V�R�Y�L�Q�L���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

�)�Å L �s�r�á�u�®�{�á�z�sL �s�r�s�á�r�v���0 

�,���W�H�å�L�Q�D���V�Y�D�N�H���U�X�þ�L�F�H�� 

�)�Ë L �t�s�w�®�{�á�z�sL �t�s�r�{�á�s�w���0 

 

Maksimalni moment savijanja nalazi se u lijevom osloncu�����R�G�Q�R�V�Q�R���O�H�å�D�M�X i iznosi: 

�/ �Ù�á�à�Ô�ëL �(�º �®�z�t L �w�x�w�v�á�y�s�®�s�u�yL �w�v�w�á�w�w���0�I  

 

Okretni moment koji se prenosi vratilom 2 iznosi: 

�6L �6�6 L �u�z�s�{�y�s�á�z�x���0�I  

 

Reducirani moment na vratilu 2 iznosi: 

�/ �å�Ø�×L §�/ �Ù�á�à�Ô�ë
�6 E�r�á�y�w�®�:�Ù�4 �®�6�;�6 L ¥�w�v�w�á�w�w�6 E�r�á�y�w�®�:�r�á�{�y�u�w�®�u�z�s�{�y�s�á�z�x�;�6

L �u�t�t�r�v�t�á�t�{���0�I  

gdje je: 

�Ù�4 L
�ê�Ù�½�Ç

�s�á�y�u�®�ì�ç�½�Â
L

�u�t�r
�s�á�y�u�®�s�{�r

L �r�á�{�y�u�w 

�J�G�M�H���V�X���V�Y�R�M�V�W�Y�D���R�G�D�E�U�D�Q�R�J���P�D�W�H�U�L�M�D�O�D���(���������V�O�M�H�G�H�ü�D�� 

�ê�Ù�½�ÇL �u�t�r
�0

�I �I �6 
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�ì�ç�½�ÂL �s�{�r
�0

�I �I �6 

 

Minimalni potrebni promjer vratila 1 o�G�U�H�ÿ�X�M�H���V�H���S�U�H�P�D���V�O�M�H�G�H�ü�H�P���L�]�U�D�]�X�� 

�@�6�á�à�Ü�áR ¨
�s�r�®�/ �Ù�á�à�Ô�ë

�ê�Ù�½�Ç�á�×�â�ã

�/
L ¨

�s�r�®�y�r�z�w�u�v�v�r
�s�w�r

�/

L �t�y�á�{�u���I�I  

 

Odabran je promjer vratila 2: 

�@�6 L �t�z�r���I�I  
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�������3�U�R�U�D�þ�X�Q���O�H�å�D�M�H�Y�D 

�6�K�H�P�D�W�V�N�L���S�U�L�N�D�]���O�H�å�D�M�H�Y�D���S�O�D�Q�H�W�D�U�Q�R�J���S�U�L�M�H�Q�R�V�Q�L�N�D���V���S�U�L�S�D�G�D�M�X�ü�L�P���R�]�Q�D�N�D�P�D���S�U�H�P�D���N�R�M�Lma su 

�R�]�Q�D�þ�H�Q�H���E�U�]�L�Q�H���Y�U�W�Q�M�H���X���Q�D�V�W�D�Y�N�X���Q�D�O�D�]�L���V�H���Q�D���V�O�L�F�L����6. 

 

Slika 36�����6�K�H�P�D�W�V�N�L���S�U�L�N�D�]���O�H�å�D�M�H�Y�D 

�����������5�H�O�D�W�L�Y�Q�H���E�U�]�L�Q�H���Y�U�W�Q�M�H���O�H�å�D�M�H�Y�D 

�5�H�O�D�W�L�Y�Q�H���E�U�]�L�Q�H���Y�U�W�Q�M�H���S�R�M�H�G�L�Q�L�K���O�H�å�D�M�H�Y�D���R�G�U�H�ÿ�X�M�X���V�H���L�]���V�O�M�H�G�H�ü�L�K���L�]�U�D�]�D�� 

 

Brzina vrtnje �O�H�å�D�M�D���/���� 

�J�5 L �J�5�4L �s�s�u�á�x�v���I�E�J�?�5 

 

�%�U�]�L�Q�D���Y�U�W�Q�M�H���O�H�å�D�M�D���/���� 

�J�6 L �J�Ë�4 L �t�w���I�E�J�?�5 

 

�%�U�]�L�Q�D���Y�U�W�Q�M�H���O�H�å�D�M�D���/���� 

�J�7 L �:�J�Ë�4 F�J�5�4�; �®l
�V�5
�V�6

pL �:�t�wF�s�s�u�á�x�v�; �®l
�t�t
�t�z

pL F�x�{�á�x�v���I�E�J�?�5 
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�%�U�]�L�Q�D���Y�U�W�Q�M�H���O�H�å�D�M�D���/���� 

�J�8 L �J�5�4F �J�Ë�4 L �s�s�u�á�x�vF �t�wL �z�z�á�x�v���I�E�J�?�5 

�����������3�U�R�U�D�þ�X�Q���O�H�å�D�M�D��L1 

Za �S�U�R�U�D�þ�X�Q�� �O�H�å�D�M�D�� �/���� �Q�D�� �Y�U�D�W�L�O�X�� ���� �N�R�U�L�V�W�L�� �V�H�� �V�L�O�D�� �X�� �G�H�V�Q�R�P�� �R�V�O�R�Q�F�X���� �]�D�W�R�� �ã�W�R�� �M�H�� �Y�H�ü�D�� �Q�H�J�R�� �X��

lijevom osloncu. 

�/�H�å�D�M���V�H���R�G�D�E�L�U�H���S�R�P�R�ü�X���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�%�5 L �(�» �®l
�J�5 �®�.�5�4�Û�á�à�Ü�á

�s�r�:
p

�5
��

L �s�u�u�z�x�á�{�x�®l
�s�s�u�á�x�v�®�s�t�w�r�r

�s�r�:
p

�5
�7

L �w�z�á�{�s���G�0 

 

gdje je vijek �W�U�D�M�D�Q�M�D���O�H�å�D�M�D�� 

�.�5�4�Û�á�à�Ü�áL �s�t�w�r�r���D 

a koeficijent �Ý �]�D���O�H�å�D�M�H�Y�H���V���G�R�G�L�U�R�P���X���W�R�þ�N�L�� 

�ÝL �u 

�2�G�D�E�U�D�Q���M�H���O�H�å�D�M���R�]�Q�D�N�H���������������S�U�R�L�]�Y�R�ÿ�D�þ�D���6�.�)���V�O�M�H�G�H�ü�L�K���N�D�U�D�N�W�H�U�L�V�W�L�N�D�� 

�/�H�å�D�M������������ 

 

d 170 mm 

D 215 mm 

B 22 mm 

d1 184,15 mm 

D1 201,3 mm 

r1,2 1,1 mm 

�'�L�Q�D�P�L�þ�N�R���R�S�W�H�U�H�ü�H�Q�M�H 61,8 kN 

�6�W�D�W�L�þ�N�R���R�S�W�H�U�H�ü�H�Q�M�H 78 kN 

�*�U�D�Q�L�þ�Q�R���]�D�P�R�U�Q�R��

�R�S�W�H�U�H�ü�H�Q�M�H 
7,4 kN 

Masa 1,63 kg 

Tablica 3. �.�D�U�D�N�W�H�U�L�V�W�L�N�H���O�H�å�D�M�D������������ 
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�����������3�U�R�U�D�þ�X�Q���O�H�å�D�M�D���/�� 

�=�D�� �S�U�R�U�D�þ�X�Q�� �O�H�å�D�M�D�� �/���� �Q�D�� �Y�U�D�W�L�O�X�� ���� �N�R�U�L�V�W�L�� �V�H�� �V�L�O�D�� �X�� �O�L�M�H�Y�R�P�� �R�V�O�R�Q�F�X���� �]�D�W�R���ã�W�R�� �M�H�� �Y�H�ü�D�� �Q�H�J�R�� �X��

desnom osloncu. 

�/�H�å�D�M���V�H���R�G�D�E�L�U�H���S�R�P�R�ü�X���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�%�5 L �(�º �®l
�J�6 �®�.�5�4�Û�á�à�Ü�á

�s�r�:
p

�5
��

L �s�r�r�r�r�á�s�t�®l
�t�w�®�s�t�w�r�r

�s�r�:
p

�5
�7

L �t�x�á�w�y���G�0 

 

�J�G�M�H���M�H���Y�L�M�H�N���W�U�D�M�D�Q�M�D���O�H�å�D�M�D�� 

�.�5�4�Û�á�à�Ü�áL �s�t�w�r�r���D 

a koeficijent �Ý �]�D���O�H�å�D�M�H�Y�H���V���G�R�G�L�U�R�P���X���W�R�þ�N�L�� 

�ÝL �u 

 

�2�G�D�E�U�D�Q���M�H���O�H�å�D�M���R�]�Q�D�N�H���������������S�U�R�L�]�Y�R�ÿ�D�þ�D���6�.�)���V�O�M�H�G�H�ü�L�K���N�D�U�D�N�W�H�U�L�V�W�L�N�D�� 

�/�H�å�D�M��������56 

 

d 280 mm 

D 350 mm 

B 33 mm 

d1 302 mm 

D1 327 mm 

r1,2 2 mm 

�'�L�Q�D�P�L�þ�N�R���R�S�W�H�U�H�ü�H�Q�M�H 138 kN 

�6�W�D�W�L�þ�N�R���R�S�W�H�U�H�ü�H�Q�M�H 200 kN 

�*�U�D�Q�L�þ�Q�R���]�D�P�R�U�Q�R��

�R�S�W�H�U�H�ü�H�Q�M�H 
4,75 kN 

Masa 6,27 kg 

 

Tablica 4. �.�D�U�D�N�W�H�U�L�V�W�L�N�H���O�H�å�D�M�D������������ 
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6.4�����3�U�R�U�D�þ�X�Q���O�H�å�D�M�D���/�� 

�=�D�� �S�U�R�U�D�þ�X�Q�� �O�H�å�D�M�D�� �/���� �Q�D�� �R�V�R�Y�L�Q�L�� �S�O�D�Q�H�W�D�U�Q�R�J�� �]�X�S�þ�D�Q�L�N�D�� �N�R�U�L�V�W�L�� �V�H�� �V�L�O�D�� �X�� �R�V�O�R�Q�F�L�P�D���� �N�R�M�D�� �M�H��

jednaka za oba oslonca. 

�/�H�å�D�M���V�H���R�G�D�E�L�U�H���S�R�P�R�ü�X���V�O�M�H�G�H�ü�H�J��izraza: 

�%�5 L
�t �®�(�ç�5 E�)�í�6

�t
�®l

�J�7 �®�.�5�4�Û�á�à�Ü�á

�s�r�:
p

�5
��

L �s�u�v�v�{�y�á�s�v�®l
�x�{�á�x�v�®�s�t�w�r�r

�s�r�:
p

�7
�5�4

L �v�v�u�á�v�u���G�0 

 

�J�G�M�H���M�H���Y�L�M�H�N���W�U�D�M�D�Q�M�D���O�H�å�D�M�D�� 

�.�5�4�Û�á�à�Ü�áL �s�t�w�r�r���D 

a koeficijent �Ý �]�D���O�H�å�D�M�H�Y�H���V���G�R�G�L�U�R�P���X��linij i: 

�ÝL
�s�r
�u

 

�2�G�D�E�U�D�Q���M�H���O�H�å�D�M���R�]�Q�D�N�H���1�8�3�����������X���O�L�M�H�Y�R�P���R�V�O�R�Q�F�X, �J�G�M�H���M�H���þ�Y�U�V�W�R���O�H�å�D�M�Q�R���P�M�H�V�W�R, i NU 322 u 

desnom osloncu�����J�G�M�H���M�H���V�O�R�E�R�G�Q�R���O�H�å�D�M�Q�R���P�M�H�V�W�R��  �S�U�R�L�]�Y�R�ÿ�D�þ�D���6�.�)���V�O�M�H�G�H�ü�L�K���N�D�U�D�N�W�H�U�L�V�W�L�N�D�� 

�/�H�å�D�M��NUP 322 

 

d 110 mm 

D 240 mm 

B 50 mm 

d1 155 mm 

D1 200 mm 

F 143 mm 

r1,2 3 mm 

r3,4 3 mm 

�'�L�Q�D�P�L�þ�N�R���R�S�W�H�U�H�ü�H�Q�M�H 530 kN 

�6�W�D�W�L�þ�N�R���R�S�W�H�U�H�ü�H�Q�M�H 540 kN 

�*�U�D�Q�L�þ�Q�R���]�D�P�R�U�Q�R��

�R�S�W�H�U�H�ü�H�Q�M�H 
61 kN 

Masa 10,7 kg 

Tablica 5. �.�D�U�D�N�W�H�U�L�V�W�L�N�H���O�H�å�D�M�D��NUP 322 
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�����������3�U�R�U�D�þ�X�Q���O�H�å�D�M�D���/�� 

�=�D���S�U�R�U�D�þ�X�Q���O�H�å�D�M�D���/�����Q�D���Y�U�D�W�L�O�X�������N�R�U�L�V�W�L���V�H���V�L�O�D���X���U�X�þ�L�F�L���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D�� 

�/�H�å�D�M���V�H���R�G�D�E�L�U�H���S�R�P�R�ü�X���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�%�5 L �t �®�)�Ì �®l
�J�8 �®�.�5�4�Û�á�à�Ü�á

�s�r�:
p

�5
��

L �x�x�w�u�á�s�v�®l
�z�z�á�x�v�®�s�t�w�r�r

�s�r�:
p

�7
�5�4

L �x�á�y�v���G�0 

 

�J�G�M�H���M�H���Y�L�M�H�N���W�U�D�M�D�Q�M�D���O�H�å�D�M�D�� 

�.�5�4�Û�á�à�Ü�áL �s�t�w�r�r���D 

a koeficijent �Ý �]�D���O�H�å�D�M�H�Y�H���V���G�R�G�L�U�R�P���X��linij i: 

�ÝL
�s�r
�u

 

 

Odabran je �O�H�å�D�M���R�]�Q�D�N�H���1�8�����������S�U�R�L�]�Y�R�ÿ�D�þ�D���6�.�)���V�O�M�H�G�H�ü�L�K���N�D�U�D�N�W�H�U�L�V�W�L�N�D�� 

�/�H�å�D�M��NU 234 

 

d 170 mm 

D 310 mm 

B 52 mm 

D1 267,4 mm 

F 207 mm 

r1,2 4 mm 

r3,4 4 mm 

s 2,9 mm 

�'�L�Q�D�P�L�þ�N�R��

�R�S�W�H�U�H�ü�H�Q�M�H 
695 kN 

�6�W�D�W�L�þ�N�R���R�S�W�H�U�H�ü�H�Q�M�H 815 kN 

�*�U�D�Q�L�þ�Q�R���]�D�P�R�U�Q�R��

�R�S�W�H�U�H�ü�H�Q�M�H 
85 kN 

Masa 17,7 kg 

Tablica 6. �.�D�U�D�N�W�H�U�L�V�W�L�N�H���O�H�å�D�M�D���1�8�������� 
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�������3�U�R�U�D�þ�X�Q���R�V�W�D�O�L�K���V�W�U�R�M�Q�L�K���H�O�H�P�H�Q�D�W�D 

�����������3�U�R�U�D�þ�X�Q���Y�L�M�D�N�D���N�X�ü�L�ã�W�D 

�2�N�U�H�W�Q�L�� �P�R�P�H�Q�W�� �N�R�M�L�� �V�H�� �W�U�H�E�D�� �S�U�H�Q�L�M�H�W�L�� �V�� �F�H�Q�W�U�D�O�Q�R�J�� �]�X�S�þ�D�Q�L�N�D�� �V�� �X�Q�X�W�D�U�Q�M�L�P�� �R�]�X�E�O�M�H�Q�M�H�P��na 

�N�X�ü�L�ã�W�H���L�]�Q�R�V�L�� 

�6�¼L �t�{�y�{�u�z�á�r�w���0�I  

�)�D�N�W�R�U���W�U�H�Q�M�D���L�]�P�H�ÿ�X���S�R�G�O�R�å�Q�H���S�O�R�þ�L�F�H���L���N�X�ü�L�ã�W�D���L�]�Q�R�V�L�� 

�äL �r�á�z 

 

�2�G�D�E�U�D�Q�L���V�X���Y�L�M�F�L���0���������N�Y�D�O�L�W�H�W�H�������������þ�L�M�H���G�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���L�]�Q�R�V�L�� 

�ê�×�â�ãL
�r�á�z�®�z�r�r

�s�á�{
L �u�u�x�á�z�v

�0
�I �I �6 

�3�R�Y�U�ã�L�Q�D���M�H�]�J�U�H���Y�L�M�N�D���0�������L�]�Q�R�V�L�� 

�#�ÝL �t�t�w���I �I �6 

Vijci se nalaze na promjeru: 

�@�Ï L �s�t�s�r���I�I  

 

�%�U�R�M���Y�L�M�D�N�D���S�R�W�U�H�E�Q�L�K���]�D���S�U�L�M�H�Q�R�V���P�R�P�H�Q�W�D���R�G�U�H�ÿ�X�M�H���V�H���L�]���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�J R
�t �®�6�¼

�ä�®�@�Ï �®�ê�×�â�ã�®�#�Ý
L

�t �®�t�{�y�{�u�z�r�w�r
�r�á�z�®�s�t�s�r�®�u�u�x�á�z�v�®�t�t�w

L �z�á�s�t 

 

�2�G�D�E�U�D�Q���M�H���V�O�M�H�G�H�ü�L���E�U�R�M���Y�L�M�D�N�D�� 

�J L �s�r 
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6.2. Provjera naprezanj�D���U�X�þ�L�F�H���X�V�O�L�M�H�G���V�D�Y�L�M�D�Q�M�D 

�6�L�O�D���X���O�H�å�D�M�H�Y�L�P�D���R�V�R�Y�L�Q�D���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���L�]�Q�R�V�L�� 

�(�º L �s�u�w�u�v�w�á�y���0 

�2�V�Q�L���U�D�]�P�D�N���L�]�P�H�ÿ�X���F�H�Q�W�U�D�O�Q�R�J���]�X�S�þ�D�Q�L�N�D���V���Y�D�Q�M�V�N�L�P���R�]�X�E�O�M�H�Q�M�H�P���L���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D��

iznosi: 

�=�ê L �u�w�w���I�I  

�8���W�R�P���V�O�X�þ�D�M�X�����P�R�P�H�Q�W���V�D�Y�L�M�D�Q�M�D���L�]�Q�R�V�L�� 

�/ �Ù L �(�º �®�=�ê L �s�u�w�u�v�w�á�y�®�u�w�wL �v�z�r�v�y�á�y�t���0�I  

 

�,�]���N�R�Q�V�W�U�X�N�F�L�M�V�N�L�K���U�D�]�O�R�J�D�����ã�L�U�L�Q�D���U�X�þ�L�F�H���L�P�D���V�O�M�H�G�H�ü�X���G�H�E�O�M�L�Q�X�� 

�>L �v�r�r���I�I  

 

�,�]���M�H�G�Q�D�G�å�E�H���Q�D�S�U�H�]�D�Q�M�D���S�U�L���V�D�Y�L�M�D�Q�M�X���G�R�E�L�Y�D���V�H���P�L�Q�L�P�D�O�Q�D���S�R�W�U�H�E�Q�D���G�H�E�O�M�L�Q�D���U�X�þ�L�F�H���S�U�H�P�D��

�V�O�M�H�G�H�ü�H�P���L�]�U�D�]�X�� 

�PR
�/ �Ù

�ê�×�â�ã
�®

�x
�>�6 L

�v�z�r�v�y�y�t�r
�s�r�r

�®
�x

�v�r�r�6
L �s�z�á�r�t���I�I  

�J�G�M�H���M�H���G�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���]�D���P�D�W�H�U�L�M�D�O���6�������� 

�ê�×�â�ãL �s�r�r
�0

�I �I �6 

�����������3�U�R�U�D�þ�X�Q���Y�L�M�D�N�D���]�D���S�U�L�M�H�Q�R�V���P�R�P�H�Q�Wa �V���U�X�þ�L�F�H���Q�D���Y�U�D�W�L�O�R 

�2�N�U�H�W�Q�L���P�R�P�H�Q�W���N�R�M�L���V�H���W�U�H�E�D���S�U�H�Q�L�M�H�W�L���V���U�X�þ�L�F�H���S�O�D�Q�H�W�D�U�Q�L�K���]�X�S�þ�D�Q�L�N�D���Q�D���Y�U�D�W�L�O�R�������L�]�Q�R�V�L�� 

�6�» L �u�z�s�{�y�s�á�z�x���0�I  

�)�D�N�W�R�U���W�U�H�Q�M�D���L�]�P�H�ÿ�X���S�R�G�O�R�å�Q�H���S�O�R�þ�L�F�H���L���N�X�ü�L�ã�W�D���L�]�Q�R�V�L�� 

�äL �r�á�z 

 

�2�G�D�E�U�D�Q�L���V�X���Y�L�M�F�L���0���������N�Y�D�O�L�W�H�W�H�������������þ�L�M�H���G�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���L�]�Q�R�V�L�� 

�ê�×�â�ãL
�r�á�z�®�z�r�r

�s�á�{
L �u�u�x�á�z�v

�0
�I �I �6 

�3�R�Y�U�ã�L�Q�D���M�H�]�J�U�H���Y�L�M�N�D���0�������L�]�Q�R�V�L�� 

�#�ÝL �u�t�w���I �I �6 
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Vijci se nalaze na promjeru: 

�@�Ï L �u�x�r���I�I  

 

�%�U�R�M���Y�L�M�D�N�D���S�R�W�U�H�E�Q�L�K���]�D���S�U�L�M�H�Q�R�V���P�R�P�H�Q�W�D���R�G�U�H�ÿ�X�M�H���V�H���L�]���V�O�M�H�G�H�ü�H�J���L�]�U�D�]�D�� 

�J R
�t �®�6�»

�ä�®�@�Ï �®�ê�×�â�ã�®�#�Ý
L

�t �®�u�z�s�{�y�s�z�x�r
�r�á�z�®�u�x�r�®�u�u�x�á�z�v�®�u�t�w

L �t�v�á�t�u 

 

�2�G�D�E�U�D�Q���M�H���V�O�M�H�G�H�ü�L���E�U�R�M���Y�L�M�D�N�D�� 

�J L �t�w 

�����������3�U�R�U�D�þ�X�Q���R�þ�Q�L�K���Y�L�M�D�N�D���]�D���G�L�]�D�Q�M�H 

Ukupna masa multiplikatora iznosi �S�U�L�E�O�L�å�Q�R: 

�I �è�ÞL �v�r�r�r���G�C 

 

�'�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H���Y�L�M�D�N�D���N�Y�D�O�L�W�H�W�H�����������L�]�Q�R�V�L�� 

�ê�×�â�ãL
�r�á�z�®�z�r�r

�s�á�{
L �u�u�x�á�z�v

�0
�I �I �6 

 

�3�R�W�U�H�E�Q�D���S�R�Y�U�ã�L�Q�D���M�H�]�J�U�H���R�þ�Q�L�K���Y�L�M�D�N�D���L�]�Q�R�V�L�� 

�#�ã�â�ç�åL
�I �è�Þ�®�C

�ê�×�â�ã
L

�v�r�r�r�®�{�á�z�s
�u�u�x�á�z�v

L �s�s�x�á�v�{���I �I �6 

 

�2�G�D�E�U�D�Q�L���V�X���R�þ�Q�L���Y�L�M�F�L���0������ 

6.5. �3�U�R�U�D�þ�X�Q�����þ�Y�U�V�W�R�ü�H���Q�R�V�D�þ�D���N�X�ü�L�ã�W�D 

�.�R�Q�V�W�U�X�N�F�L�M�V�N�L���M�H���R�G�U�H�ÿ�H�Q���Q�R�V�D�þ���N�X�ü�L�ã�W�D���V�O�M�H�G�H�ü�L�K���G�L�P�H�Q�]�L�M�D���S�R�S�U�H�þ�Q�R�J���S�U�H�V�M�H�N�D�� 

�>L �v�r���I�I  

�DL �s�r�r�r�r���I�I  
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�6�K�H�P�D�W�V�N�L���P�R�G�H�O���]�D���S�U�R�U�D�þ�X�Q���Q�R�V�D�þ�D���N�X�ü�L�ã�W�D���Q�D�O�D�]�L���V�H���Q�D���V�O�L�F�L��37. 

Slika 37. Shematski �P�R�G�H�O���]�D���S�U�R�U�D�þ�X�Q���Q�R�V�D�þ�D���N�X�ü�L�ã�W�D 

 

�2�N�U�H�W�Q�L���P�R�P�H�Q�W���N�R�M�L���V�H���V���N�X�ü�L�ã�W�D���P�R�U�D���S�U�H�Q�L�M�H�W�L���Q�D���S�R�G�O�R�J�X���L�]�Q�R�V�L�� 

�6�¼L �t�{�y�{�u�z�á�r�w���0�I  

 

�1�D�S�U�H�]�D�Q�M�H���X���Q�R�V�D�þ�X���N�X�ü�L�ã�W�D���X�V�O�L�M�H�G���V�D�Y�L�M�D�Q�M�D���L�]�Q�R�V�L�� 

�ê�ÙL
�6�¼

�>�®�D�6

�s�t

L
�t�{�y�{�u�z�r�w�r
�v�r�®�s�r�r�r�6

�s�t

L �v�v�á�x�{
�0

�I �I �6 

 

�=�D�W�H�]�Q�D���þ�Y�U�V�W�R�ü�D���V�L�Y�R�J���O�L�M�H�Y�D SL200 iznosi: 

�4�à L �t�r�r
�0

�I �I �6 

�'�R�S�X�ã�W�H�Q�R���Q�D�S�U�H�]�D�Q�M�H�����X�]���I�D�N�W�R�U���V�L�J�X�U�Q�R�V�W�L���6��� ���������L�]�Q�R�V�L�� 

�ê�×�â�ãL
�4�à

�5
L

�t�r�r
�t

L �s�r�r
�0

�I �I �6 
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�1�D�S�U�H�]�D�Q�M�H�� �X�� �Q�R�V�D�þ�X�� �N�X�ü�L�ã�W�D�� �M�H�� �P�D�Q�M�H�� �R�G�� �G�R�S�X�ã�W�H�Q�R�J�� �Q�D�S�U�H�]�D�Q�M�D�� �V�D�� �V�L�Y�L�� �O�L�M�H�Y���� �ã�W�R�� �]�Q�D�þ�L�� �G�D��

�G�L�P�H�Q�]�L�M�H���S�R�S�U�H�þ�Q�R�J���S�U�H�V�M�H�N�D���Q�R�V�D�þ�D��zadovoljavaju. 

�����������3�U�R�U�D�þ�X�Q���Y�L�M�D�N�D���]�D���S�U�L�K�Y�D�W���Q�D���S�R�G�O�R�J�X 

�6�K�H�P�D�W�V�N�L���P�R�G�H�O���]�D���S�U�R�U�D�þ�X�Q���Y�L�M�D�N�D���]�D���S�U�L�K�Y�D�W���N�X�ü�L�ã�W�D���P�X�O�W�L�S�O�L�N�D�W�R�U�D���Q�D���S�R�G�O�R�J�X���Q�D�O�Dzi se na 

slici 38. 

Slika 38�����6�K�H�P�D�W�V�N�L���P�R�G�H�O���]�D���S�U�R�U�D�þ�X�Q���Y�L�M�D�N�D���]�D���S�U�L�K�Y�D�W���Q�D���S�R�G�O�R�J�X 

 

Ok�U�H�W�Q�L���P�R�P�H�Q�W���N�R�M�L���V�H���S�U�H�Q�R�V�L���V���N�X�ü�L�ã�W�D���P�X�O�W�L�S�O�L�N�D�W�R�U�D���Q�D���S�R�G�O�R�J�X���L�]�Q�R�V�L�� 

�6�¼L �t�{�y�{�u�z�á�r�w���0�I  

 

�2�G�D�E�U�D�Q�L���V�X���Y�L�M�F�L���0���������N�Y�D�O�L�W�H�W�H�������������þ�L�M�D���S�R�Y�U�ã�L�Q�D���M�H�]�J�U�H���L�]�Q�R�V�L�� 

�#�ÝL �t�t�w���I �I �6 

�1�D�M�Y�H�ü�D���V�L�O�D���N�R�M�X���R�G�D�E�U�D�Q�L���Y�L�M�F�L���P�R�J�X���S�R�G�Q�L�M�H�W�L���L�]�Q�R�V�L�� 

�(�Ï L �r�á�z�®�z�r�r�®�#�ÝL �r�á�z�®�z�r�r�®�t�t�wL �y�w�y�z�{�á�v�y���0 

 

�1�D�M�Y�H�ü�L���P�R�P�H�Q�W���N�R�M�L���V�H���P�R�å�H���S�U�H�Q�L�M�H�W�L���R�G�D�E�U�D�Q�L�P���Y�L�M�F�L�P�D�����X�]���J�H�R�P�H�W�U�L�M�X���S�U�L�N�D�]�D�Q�X���Q�D���V�O�L�F�L����������

iznosi: 

�t �®�(�Ï �®�:�v�rE�v�s�u�á�u�uE�y�z�x�á�x�yE�s�s�x�r�; L �u�x�u�y�z�{�á�v�y���0�I  

�1�D�M�Y�H�ü�L���P�R�P�H�Q�W���N�R�M�L���V�H���P�R�å�H���S�U�H�Q�L�M�H�W�L���M�H���Y�H�ü�L���R�G���P�R�P�H�Q�W�D���N�R�M�L���V�H���S�U�H�Q�R�V�L�����S�D���V�W�R�J�D���Jeometrija 

prihvata na podlogu zadovoljava. 
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�������=�D�N�O�M�X�þ�D�N 

Prema zadanom zadatku, napravljen je pregled vjetroagregata i njihovih tipova, te pregled 

prijenosnika koji se koriste kod tih vjetroagregata. Napravljena je i analiza tipova prijenosnika 

koji se kori�V�W�H���� �W�H�� �V�X�� �R�S�L�V�D�Q�L�� �S�O�D�Q�H�W�D�U�Q�L�� �S�U�L�M�H�Q�R�V�Q�L�F�L���� �Q�M�L�K�R�Y�D�� �G�H�I�L�Q�L�F�L�M�D�� �L�� �J�U�D�ÿ�D���� �W�H�� �Q�M�L�K�R�Y�H��

�S�U�H�G�Q�R�V�W�L���L���Q�H�G�R�V�W�D�F�L���� �3�U�R�U�D�þ�X�Q�D�W�D���M�H���N�L�Q�H�P�D�W�L�N�D�� �N�R�U�L�ã�W�H�Q�M�H�P���O�L�W�H�U�D�W�X�U�H���L���S�U�R�J�U�D�P�V�N�R�J���S�D�N�H�W�D��

�6�R�O�L�G�:�R�U�N�V���� �5�H�]�X�O�W�D�W�L�� �R�E�D�� �Q�D�þ�L�Q�D�� �S�U�R�U�D�þ�X�Q�D�� �N�L�Q�H�P�D�W�L�N�H�� �V�H�� �S�R�G�X�G�D�U�D�M�X���� �2�G�D�E�U�D�Q�D�� �V�X 4 

�S�O�D�Q�H�W�D�U�Q�D���]�X�S�þ�D�Q�L�N�D�����W�H���M�H���S�U�R�Y�H�G�H�Q���Q�M�L�K�R�Y���S�U�R�U�D�þ�X�Q���S�R�P�R�ü�X���Q�R�U�P�H���,�6�2���������������N�D�R���L���S�U�R�U�D�þ�X�Q��

�Q�X�P�H�U�L�þ�N�R�P�� �P�H�W�R�G�R�P�� �N�R�Q�D�þ�Q�L�K�� �H�O�H�P�H�Q�D�W�D�� �X�� �S�U�R�J�U�D�P�V�N�R�P�� �S�D�N�H�W�X�� �$�E�D�T�X�V���� �5�H�]�X�O�W�D�W�L�� �V�H��

�U�D�]�O�L�N�X�M�X���L�]���U�D�]�O�R�J�D���ã�W�R���V�H���X���Q�X�P�H�U�L�þ�N�R�M���P�H�W�R�G�L���N�R�Q�D�þ�Q�L�K���H�O�H�P�H�Q�D�W�D���U�D�G�L���S�U�R�U�D�þ�X�Q���þ�Y�U�V�W�R�ü�H���X��

�L�G�H�D�O�Q�R�P�� �V�O�X�þ�D�M�X���� �G�R�N�� �V�H�� �N�R�G�� �S�U�R�U�D�þ�X�Q�D�� �N�R�U�L�ã�W�H�Q�M�H�P�� �Q�R�U�P�H�� �N�R�U�L�V�W�H�� �L�� �U�D�]�Q�L�� �I�D�N�W�R�U�L�� �X�W�M�H�F�D�M�D�� �L��

�N�R�U�H�N�F�L�M�H���Q�D���þ�Y�U�V�W�R�ü�X���E�R�N�R�Y�D���L���N�R�U�L�M�H�Q�D���]�X�E�D���Q�D���]�X�S�þ�D�Q�L�F�L�P�D�����3�U�R�U�D�þ�X�Q�D�W�H���V�X���L���R�V�R�Y�L�Q�H���L���Y�U�D�W�L�O�D����

kao i ostali strojni elementi. Prijenosnik je konstruiran �S�U�H�P�D�� �S�U�R�Y�H�G�H�Q�R�P�� �S�U�R�U�D�þ�X�Q�X�� �L��

�L�]�P�R�G�H�O�L�U�D�Q�� �X�� �S�U�R�J�U�D�P�V�N�R�P�� �S�D�N�H�W�X�� �6�R�O�L�G�:�R�U�N�V���� �X�� �N�R�M�H�P�� �M�H�� �L�]�U�D�ÿ�H�Q�D�� �L�� �S�R�W�U�H�E�Q�D�� �W�H�K�Q�L�þ�N�D��

�G�R�N�X�P�H�Q�W�D�F�L�M�D���� �6�D�V�W�R�M�L���V�H���R�G������ �]�X�S�þ�D�Q�L�N�D�����R�G���N�R�M�L�K���V�X������ �S�O�D�Q�H�W�D�U�Q�D���L������ �F�H�Q�W�U�D�O�Q�D�����R�G���N�R�M�L�K���M�H��

jedan s vanjskim, a drugi s unutarnjim ozubljen�M�H�P�����.�X�ü�L�ã�W�H���M�H���L�]�U�D�ÿ�H�Q�R���L�]���G�Y�D���G�L�M�H�O�D���N�R�M�L���V�H��

�Y�L�M�F�L�P�D���V�S�D�M�D�M�X���Q�D���F�H�Q�W�U�D�O�Q�L���]�X�S�þ�D�Q�L�N���V���X�Q�X�W�D�U�Q�M�L�P���R�]�X�E�O�M�H�Q�M�H�P�����8�O�D�]�Q�R���L���L�]�O�D�]�Q�R���Y�U�D�W�L�O�R���R�Y�R�J��

�P�X�O�W�L�S�O�L�N�D�W�R�U�D���V�S�D�M�D�M�X���V�H���N�U�X�W�L�P���V�S�R�M�N�D�P�D���Q�D���S�U�L�N�O�M�X�þ�Q�H���V�W�U�R�M�H�Y�H�����0�X�O�W�L�S�O�L�N�D�W�R�U���V�H���S�R�G�P�D�]�X�M�H��

uljem prilikom rada, t�H���S�R�V�W�R�M�L���P�R�J�X�ü�Q�R�V�W���S�U�R�P�M�H�Q�H���X�O�M�D���S�R�P�R�ü�X���þ�H�S�D���Q�D���G�R�Q�M�R�M���V�W�U�D�Q�L�����5�D�G�L��

�R�O�D�N�ã�D�Y�D�Q�M�D���P�R�Q�W�D�å�H���Q�D���Y�U�K�X���S�U�L�M�H�Q�R�V�Q�L�N�D���Q�D�O�D�]�H���V�H���N�X�N�H�����R�G�Q�R�V�Q�R���R�þ�Q�L���Y�L�M�F�L���]�D���G�L�]�D�Q�M�H�� 
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I. CD-R disk 

II.  �7�H�K�Q�L�þ�N�D���G�R�N�X�P�H�Q�W�D�F�L�M�D 

III.  KissSoft �3�U�R�U�D�þ�X�Q 
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�T�i�p� �r�a�d�i�u�s� �f�a�c�t�o�r� �[�r�h�o�a�P�*�]� � � � � � �0�.�0�0�0
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� �(�m�m�)� �[�e�f�n�.�e�/�i�]� � � � �0�.�0�0�0� �/� � � � �0�.�0�0�0� � � � �0�.�0�0�0� �/� � � � �0�.�0�0�0� � � � �6�.�8�0�4� �/� � � � �6�.�7�7�6

�M�a�x�.� �s�l�i�d�i�n�g� �v�e�l�o�c�i�t�y� �a�t� �t�i�p� �(�m�/�s�)� �[�v�g�a�]� � � � � � �0�.�5�4�5� � � � �0�.�4�9�8�/� �0�.�1�4�0� � � � �0�.�2�1�5

�S�p�e�c�i�f�i�c� �s�l�i�d�i�n�g� �a�t� �t�h�e� �t�i�p� �[�z�e�t�a�a�]� � � � � � �0�.�6�4�1� � � � �0�.�6�5�1�/� �0�.�1�8�4� � � � �0�.�4�5�9

�S�p�e�c�i�f�i�c� �s�l�i�d�i�n�g� �a�t� �t�h�e� �r�o�o�t� �[�z�e�t�a�f�]� � � � � �-�1�.�8�6�5� � � �-�1�.�7�8�3�/� �-�0�.�8�5�0� � � �-�0�.�2�2�5

�S�l�i�d�i�n�g� �f�a�c�t�o�r� �o�n� �t�i�p� �[�K�g�a�]� � � � � � �0�.�3�7�6� � � � �0�.�3�4�3�/� �0�.�0�9�7� � � � �0�.�1�3�8

�S�l�i�d�i�n�g� �f�a�c�t�o�r� �o�n� �r�o�o�t� �[�K�g�f�]� � � � � �-�0�.�3�4�3� � � �-�0�.�3�7�6�/� �-�0�.�1�3�8� � � �-�0�.�0�9�7

�P�i�t�c�h� �o�n� �r�e�f�e�r�e�n�c�e� �c�i�r�c�l�e� �(�m�m�)� �[�p�t�]� � � � � �4�3�.�9�8�2

�B�a�s�e� �p�i�t�c�h� �(�m�m�)� �[�p�b�t�]� � � � � �4�1�.�3�3�0

�T�r�a�n�s�v�e�r�s�e� �p�i�t�c�h� �o�n� �c�o�n�t�a�c�t�-�p�a�t�h� �(�m�m�)� �[�p�e�t�]� � � � � �4�1�.�3�3�0

�L�e�n�g�t�h� �o�f� �p�a�t�h� �o�f� �c�o�n�t�a�c�t� �(�m�m�)� �[�g�a�]� � � � � �6�2�.�9�3�6� � � � � �7�2�.�6�8�3

� �(�m�m�)� �[�g�a�.�e�/�i�]� � � �6�3�.�0�1�2� �/� � � �6�2�.�8�4�1� � � �7�2�.�7�5�9� �/� � � �7�2�.�5�8�1

�L�e�n�g�t�h� �T�1�-�A� �(�m�m�)� �[�T�1�A�]� � � � � �2�8�.�7�5�9� � �1�0�4�.�8�6�3�/� �3�2�.�1�8�0� � �1�6�5�.�8�0�2

�L�e�n�g�t�h� �T�1�-�B� �(�m�m�)� �[�T�1�B�]� � � � � �5�0�.�3�6�5� � � �8�3�.�2�5�7�/� �6�3�.�5�3�3� � �1�9�7�.�1�5�5

�L�e�n�g�t�h� �T�1�-�C� �(�m�m�)� �[�T�1�C�]� � � � � �5�8�.�7�9�4� � � �7�4�.�8�2�8�/� �7�4�.�8�2�8� � �2�0�8�.�4�5�0

�L�e�n�g�t�h� �T�1�-�D� �(�m�m�)� �[�T�1�D�]� � � � � �7�0�.�0�8�9� � � �6�3�.�5�3�3�/� �7�3�.�5�1�0� � �2�0�7�.�1�3�1

�L�e�n�g�t�h� �T�1�-�E� �(�m�m�)� �[�T�1�E�]� � � � � �9�1�.�6�9�5� � � �4�1�.�9�2�7�/� �1�0�4�.�8�6�3� � �2�3�8�.�4�8�5

�D�i�a�m�e�t�e�r� �o�f� �s�i�n�g�l�e� �c�o�n�t�a�c�t� �p�o�i�n�t� �B� �(�m�m�)� �[�d�-�B�]� � �3�0�6�.�4�5�3� � �4�0�4�.�2�4�7�/� � �3�8�9�.�6�6�0� �1�0�9�9�.�2�9�6

�(�m�m�)� �[�d�-�B�.�e�]� � �3�0�6�.�4�5�3� � �4�0�4�.�1�8�5�/� � �3�8�9�.�6�6�0� �1�0�9�9�.�3�5�1

�(�m�m�)� �[�d�-�B�.�i�]� � �3�0�6�.�4�4�7� � �4�0�4�.�3�1�7�/� � �3�8�9�.�6�5�3� �1�0�9�9�.�2�3�5

�D�i�a�m�e�t�e�r� �o�f� �s�i�n�g�l�e� �c�o�n�t�a�c�t� �p�o�i�n�t� �D� �(�m�m�)� �[�d�-�D�]� � �3�2�1�.�5�8�5� � �3�8�9�.�6�6�0�/� � �3�9�6�.�6�1�5� �1�1�0�6�.�6�1�0

�(�m�m�)� �[�d�-�D�.�e�]� � �3�2�1�.�5�1�9� � �3�8�9�.�6�6�0�/� � �3�9�6�.�5�5�9� �1�1�0�6�.�6�1�0

�(�m�m�)� �[�d�-�D�.�i�]� � �3�2�1�.�6�5�9� � �3�8�9�.�6�5�3�/� � �3�9�6�.�6�8�3� �1�1�0�6�.�6�2�2

�T�r�a�n�s�v�e�r�s�e� �c�o�n�t�a�c�t� �r�a�t�i�o� �[�e�p�s�_�a�]� � � � � � �1�.�5�2�3� � � � � � �1�.�7�5�9

�T�r�a�n�s�v�e�r�s�e� �c�o�n�t�a�c�t� �r�a�t�i�o� �w�i�t�h� �a�l�l�o�w�a�n�c�e�s� �[�e�p�s�_�a�.�e�/�i�]� �1�.�5�2�5� �/� �1�.�5�2�0� �1�.�7�6�0� �/� �1�.�7�5�6

�O�v�e�r�l�a�p� �r�a�t�i�o� �[�e�p�s�_�b�]� � � � � � �0�.�0�0�0� � � � � � �0�.�0�0�0

�T�o�t�a�l� �c�o�n�t�a�c�t� �r�a�t�i�o� �[�e�p�s�_�g�]� � � � � � �1�.�5�2�3� � � � � � �1�.�7�5�9

�T�o�t�a�l� �c�o�n�t�a�c�t� �r�a�t�i�o� �w�i�t�h� �a�l�l�o�w�a�n�c�e�s� �[�e�p�s�_�g�.�e�/�i�]� �1�.�5�2�5� �/� �1�.�5�2�0� �1�.�7�6�0� �/� �1�.�7�5�6

�2�.� �F�A�C�T�O�R�S� �O�F� �G�E�N�E�R�A�L� �I�N�F�L�U�E�N�C�E

� �-�-�-�-�-�-�-� �G�E�A�R� �1� �-�-�-�-�-�-�-�-�-�-�-�-� �G�E�A�R� �2� �-�-�-�-�-�-�-�-�-�-�-�-� �G�E�A�R� �3� �-�-�-

�N�o�m�i�n�a�l� �c�i�r�c�u�m�.� �f�o�r�c�e� �a�t� �p�i�t�c�h� �c�i�r�c�l�e� �(�N�)� �[�F�t�]� �1�3�6�4�1�8�.�5�2�3� �1�3�6�4�1�8�.�5�2�3

�A�x�i�a�l� �f�o�r�c�e� �(�N�)� �[�F�a�]� � � � � � � � �0�.�0� � � � � � � � �0�.�0� � � � � � � � �0�.�0

�A�x�i�a�l� �f�o�r�c�e� �(�t�o�t�a�l�)� �(�N�)� �[�F�a�t�o�t�=�F�a�*� � �4�]� � � � � � � � �0�.�0� � � � � � � � �0�.�0



�5�/�1�0

�R�a�d�i�a�l� �f�o�r�c�e� �(�N�)� �[�F�r�]� � �4�9�6�5�2�.�2�8�2� � �4�9�6�5�2�.�2�8�2

�N�o�r�m�a�l� �f�o�r�c�e� �(�N�)� �[�F�n�o�r�m�]� � � �1�4�5�1�7�3�.�6� � � �1�4�5�1�7�3�.�6� � � �1�4�5�1�7�3�.�6

�N�o�m�i�n�a�l� �c�i�r�c�u�m�f�e�r�e�n�t�i�a�l� �f�o�r�c�e� �p�e�r� �m�m� �(�N�/�m�m�)� �[�w�]� � � � � �5�1�4�.�7�9� � � � � �5�1�4�.�7�9

�O�n�l�y� �a�s� �i�n�f�o�r�m�a�t�i�o�n�:� �F�o�r�c�e�s� �a�t� �o�p�e�r�a�t�i�n�g� �p�i�t�c�h� �c�i�r�c�l�e�:

�N�o�m�i�n�a�l� �c�i�r�c�u�m�f�e�r�e�n�t�i�a�l� �f�o�r�c�e� �(�N�)� �[�F�t�w�]� �1�3�4�4�9�7�.�1�3�5� �1�3�4�4�9�7�.�1�3�5

�A�x�i�a�l� �f�o�r�c�e� �(�N�)� �[�F�a�]� � � � � � � � �0�.�0� � � � � �0�.�0�/� � � � � �0�.�0� � � � � � � � �0�.�0

�A�x�i�a�l� �f�o�r�c�e� �(�t�o�t�a�l�)� �(�N�)� �[�F�a�t�o�t�=�F�a�*� � �4�]� � � � � � � � �0�.�0� � � � � � � � �0�.�0

�R�a�d�i�a�l� �f�o�r�c�e� �(�N�)� �[�F�r�]� � �5�4�6�4�3�.�2�3�4� � �5�4�6�4�3�.�2�3�4

�C�i�r�c�u�m�f�e�r�e�n�t�i�a�l� �s�p�e�e�d� �r�e�f�e�r�e�n�c�e� �c�i�r�c�l�e� �(�m�/�s�)� �[�v�]� � � � � � � �1�.�4�3� �(�P�l�a�n�e�t�)

�R�u�n�n�i�n�g�-�i�n� �v�a�l�u�e� �(�µ�m�)� �[�y�p�]� � � � � � �0�.�9�9�0� � � � � � �1�.�2�0�0

�R�u�n�n�i�n�g�-�i�n� �v�a�l�u�e� �(�µ�m�)� �[�y�f�]� � � � � � �1�.�3�5�0� � � � � � �1�.�6�5�0

�G�e�a�r� �b�o�d�y� �c�o�e�f�f�i�c�i�e�n�t� �[�C�R�]� � � � � � �1�.�0�0�0� � � � � � �1�.�0�0�0

�C�o�r�r�e�c�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �[�C�M�]� � � � � � �0�.�8�0�0� � � � � � �0�.�8�0�0

�R�e�f�e�r�e�n�c�e� �p�r�o�f�i�l�e� �c�o�e�f�f�i�c�i�e�n�t� �[�C�B�S�]� � � � � � �0�.�9�7�5� � � � � � �0�.�9�7�5

�M�a�t�e�r�i�a�l� �c�o�e�f�f�i�c�i�e�n�t� �[�E�/�E�s�t�]� � � � � � �1�.�0�0�0� � � � � � �1�.�0�0�0

�S�i�n�g�u�l�a�r� �t�o�o�t�h� �s�t�i�f�f�n�e�s�s� �(�N�/�m�m�/�µ�m�)� �[�c�'�]� � � � � �1�3�.�0�8�3� � � � � �1�4�.�7�4�4

�M�e�s�h�i�n�g� �s�t�i�f�f�n�e�s�s� �(�N�/�m�m�/�µ�m�)� �[�c�g�a�l�f�]� � � � � �1�8�.�2�1�3� � � � � �2�3�.�1�3�3

�M�e�s�h�i�n�g� �s�t�i�f�f�n�e�s�s� �(�N�/�m�m�/�µ�m�)� �[�c�g�b�e�t�]� � � � � �1�5�.�4�8�1� � � � � �1�9�.�6�6�3

�R�e�d�u�c�e�d� �m�a�s�s� �(�k�g�/�m�m�)� �[�m�R�e�d�]� � � � � �0�.�0�7�4�1� � � � � �0�.�5�3�7�2

�R�e�s�o�n�a�n�c�e� �s�p�e�e�d� �(�m�i�n�-�1�)� �[�n�E�1�]� � � � � � � �6�8�0�4� � � � � � � �2�2�3�8

�R�e�s�o�n�a�n�c�e� �r�a�t�i�o� �(�-�)� �[�N�]� � � � � � �0�.�0�1�3� � � � � � �0�.�0�3�1

�R�u�n�n�i�n�g�-�i�n� �v�a�l�u�e� �(�µ�m�)� �[�y�a�]� � � � � � �0�.�9�9�0� � � � � � �1�.�2�0�0

�P�l�a�n�e�t� �r�u�n�s� �o�n� �r�o�l�l�i�n�g� �b�e�a�r�i�n�g�s�.� �P�l�a�n�e�t� �p�i�n� �f�i�x�e�d� �o�n� �b�o�t�h� �s�i�d�e�s� �i�n� �t�h�e� �c�a�r�r�i�e�r�.�.

�l�p�a� �(�m�m�)� �=� �3�4�4�.�5�0� �b� �(�m�m�)� �=� �2�6�5�.�0�0� �d�s�h� �(�m�m�)� �=� �1�9�6�.�0�0

�T�o�o�t�h� �t�r�a�c�e� �d�e�v�i�a�t�i�o�n� �(�a�c�t�i�v�e�)� �(�µ�m�)� �[�F�b�y�]� � � � � � �5�5�.�1�8� � � � � � � �8�.�0�7

�f�r�o�m� �d�e�f�o�r�m�a�t�i�o�n� �o�f� �s�h�a�f�t� �(�µ�m�)� �[�f�s�h�*�B�1�]� � � � � � �5�5�.�0�3� � � � � � � �4�.�0�0

�(�f�s�h� �(�µ�m�)� �=� �5�5�.�0�3�/� �4�.�0�0�,� �B�1�=� �1�.�0�0�/� �1�.�0�0�,� �f�H�b�5� �(�µ�m�)� �=� �1�2�.�0�0�/� �1�3�.�0�0�)

�T�o�o�t�h� �t�r�a�c�e� � � � � � � � �0� � � � � � � � �0

�(�0�:�w�i�t�h�o�u�t�,� �1�:�c�r�o�w�n�e�d�,� �2�:�T�i�p� �r�e�l�i�e�f�,� �3�:�f�u�l�l� �m�o�d�i�f�i�c�a�t�i�o�n�)

�(�4�:�S�l�i�g�h�t�l�y� �c�r�o�w�n�e�d�,� �5�:�H�e�l�i�x� �a�n�g�l�e� �m�o�d�i�f�i�c�a�t�i�o�n�,� �6�:�H�e�l�i�x� �a�n�g�l�e� �m�o�d�i�f�i�c�a�t�i�o�n� �w�i�t�h� �c�r�o�w�n�i�n�g�)

�f�r�o�m� �p�r�o�d�u�c�t�i�o�n� �t�o�l�e�r�a�n�c�e�s� �(�µ�m�)� �[�f�m�a�*�B�2�]� � � � � � �2�5�.�4�6� � � � � � �2�6�.�1�7

�(�B�2�=� �1�.�0�0�/� �1�.�0�0�)

�T�o�o�t�h� �t�r�a�c�e� �d�e�v�i�a�t�i�o�n�,� �t�h�e�o�r�e�t�i�c�a�l� �(�µ�m�)� �[�F�b�x�]� � � � � � �6�1�.�1�8� � � � � � � �9�.�5�0

�R�u�n�n�i�n�g�-�i�n� �v�a�l�u�e� �y�.�b� �(�µ�m�)� �[�y�b�]� � � � � � � �6�.�0�0� � � � � � � �1�.�4�3

�D�y�n�a�m�i�c� �f�a�c�t�o�r� �[�K�V�=�m�a�x�(�K�V�1�2�,�K�V�2�3�)�]� � � � � � � �1�.�0�1

� �[�K�V�1�2�,�K�V�2�3�]� � � � � � � �1�.�0�1� � � � � � � �1�.�0�1

�F�a�c�e� �l�o�a�d� �f�a�c�t�o�r� �-� �f�l�a�n�k� �[�K�H�b�]� � � � � � � �1�.�5�2� � � � � � � �1�.�1�0
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�1�0�6�9�.�6�2�9
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�T�o�o�t�h� �t�h�i�c�k�n�e�s�s� �(�c�h�o�r�d�a�l�)� �i�n� �p�i�t�c�h� �d�i�a�m�e�t�e�r� �(�m�m�)� �[�s�c�]� � � � � �2�4�.�3�8�0� � � � � �2�3�.�3�8�9� � � � � �1�6�.�7�5�2
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�R�e�f�e�r�e�n�c�e� �c�h�o�r�d�a�l� �h�e�i�g�h�t� �f�r�o�m� �d�a�.�m� �(�m�m�)� �[�h�a�]� � � � � �1�7�.�7�9�8� � � � � �1�6�.�2�8�7� � � � � � �6�.�7�3�6

�T�o�o�t�h� �t�h�i�c�k�n�e�s�s� �(�A�r�c�)� �(�m�m�)� �[�s�n�]� � � � � �2�4�.�4�0�6� � � � � �2�3�.�4�0�3� � � � � �1�6�.�7�5�2

� �(�m�m�)� �[�s�n�.�e�/�i�]� �2�4�.�2�7�6�/� �2�4�.�2�1�6� �2�3�.�2�7�3�/� �2�3�.�2�1�3� �1�6�.�5�1�2�/� �1�6�.�4�1�2

�B�a�c�k�l�a�s�h� �f�r�e�e� �c�e�n�t�e�r� �d�i�s�t�a�n�c�e� �(�m�m�)� �[�a�C�o�n�t�r�o�l�.�e�/�i�]� �3�5�4�.�6�7�5�/� �3�5�4�.�5�2�4� �3�5�5�.�4�6�0�/� �3�5�5�.�6�5�8

�B�a�c�k�l�a�s�h� �f�r�e�e� �c�e�n�t�e�r� �d�i�s�t�a�n�c�e�,� �a�l�l�o�w�a�n�c�e�s� �(�m�m�)� �[�j�t�a�]� �-�0�.�3�2�5�/� �-�0�.�4�7�6� �0�.�4�6�0�/� �0�.�6�5�8

�d�N�f�.�i� �w�i�t�h� �a�C�o�n�t�r�o�l� �(�m�m�)� �[�d�N�f�0�.�i�]� � � � �2�9�4�.�6�0�1� � � � �3�7�3�.�3�5�7� � � �1�1�3�3�.�0�5�0

�R�e�s�e�r�v�e� �(�d�N�f�0�.�i�-�d�F�f�.�e�)�/�2� �(�m�m�)� �[�c�F�0�.�i�]� � � � � � �1�.�0�8�4� � � � � �-�0�.�1�3�4� � � � � � �0�.�9�1�1

�T�i�p� �c�l�e�a�r�a�n�c�e� �[�c�0�.�i�(�a�C�o�n�t�r�o�l�)�]� � � � � � �2�.�9�4�5� � � � � � �2�.�9�4�5� � � � � � �3�.�2�7�8

�C�e�n�t�r�e� �d�i�s�t�a�n�c�e� �a�l�l�o�w�a�n�c�e�s� �(�m�m�)� �[�A�a�.�e�/�i�]� �0�.�0�2�9�/� �-�0�.�0�2�9� �-�0�.�0�2�9�/� �0�.�0�2�9



�9�/�1�0

�C�i�r�c�u�m�f�e�r�e�n�t�i�a�l� �b�a�c�k�l�a�s�h� �f�r�o�m� �A�a� �(�m�m�)� �[�j�t�w�_�A�a�.�e�/�i�]� �0�.�0�2�3�/� �-�0�.�0�2�3� �0�.�0�2�3�/� �-�0�.�0�2�3

�R�a�d�i�a�l� �c�l�e�a�r�a�n�c�e� �(�m�m�)� �[�j�r�w�]� �0�.�5�0�5�/� �0�.�2�9�7� �0�.�6�8�7�/� �0�.�4�3�2

�C�i�r�c�u�m�f�e�r�e�n�t�i�a�l� �b�a�c�k�l�a�s�h� �(�t�r�a�n�s�v�e�r�s�e� �s�e�c�t�i�o�n�)� �(�m�m�)� �[�j�t�w�]� �0�.�4�0�9�/� �0�.�2�4�1� �0�.�5�6�1�/� �0�.�3�5�2

�N�o�r�m�a�l� �b�a�c�k�l�a�s�h� �(�m�m�)� �[�j�n�w�]� �0�.�3�8�4�/� �0�.�2�2�6� �0�.�5�2�7�/� �0�.�3�3�1

�E�n�t�i�r�e� �t�o�r�s�i�o�n�a�l� �a�n�g�l�e� �(�°�)� �[�j�.�t�S�y�s�]� �0�.�0�7�4�5�/� �0�.�0�5�1�6

�(�j�.�t�S�y�s�:� �T�o�r�s�i�o�n�a�l� �a�n�g�l�e� �o�f� �p�l�a�n�e�t� �c�a�r�r�i�e�r� �f�o�r� �b�l�o�c�k�e�d� �s�h�a�f�t�)

�7�.� �G�E�A�R� �A�C�C�U�R�A�C�Y

� �-�-�-�-�-�-�-� �G�E�A�R� �1� �-�-�-�-�-�-�-�-�-�-�-�-� �G�E�A�R� �2� �-�-�-�-�-�-�-�-�-�-�-�-� �G�E�A�R� �3� �-�-�-

�A�c�c�o�r�d�i�n�g� �t�o� �I�S�O� �1�3�2�8�:�1�9�9�5

�A�c�c�u�r�a�c�y� �g�r�a�d�e� �[�Q�-�I�S�O�1�3�2�8�]� � � � � � � � � � �6� � � � � � � � � � �6� � � � � � � � � � �6

�S�i�n�g�l�e� �p�i�t�c�h� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�f�p�t�T�]� � � � � � �1�4�.�0�0� � � � � � �1�4�.�0�0� � � � � � �1�7�.�0�0

�B�a�s�e� �c�i�r�c�l�e� �p�i�t�c�h� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�f�p�b�T�]� � � � � � �1�3�.�2�0� � � � � � �1�3�.�2�0� � � � � � �1�6�.�0�0

�S�e�c�t�o�r� �p�i�t�c�h� �d�e�v�i�a�t�i�o�n� �o�v�e�r� �k�/�8� �p�i�t�c�h�e�s� �(�µ�m�)� �[�F�p�k�/�8�T�]� � � � � � �2�2�.�0�0� � � � � � �2�6�.�0�0� � � � � � �4�0�.�0�0

�P�r�o�f�i�l�e� �f�o�r�m� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�f�f�a�T�]� � � � � � �1�8�.�0�0� � � � � � �1�8�.�0�0� � � � � � �2�2�.�0�0

�P�r�o�f�i�l�e� �s�l�o�p�e� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�f�H�a�T�]� � � � � � �1�5�.�0�0� � � � � � �1�5�.�0�0� � � � � � �1�8�.�0�0

�T�o�t�a�l� �p�r�o�f�i�l�e� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�F�a�T�]� � � � � � �2�3�.�0�0� � � � � � �2�3�.�0�0� � � � � � �2�8�.�0�0

�H�e�l�i�x� �f�o�r�m� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�f�f�b�T�]� � � � � � �1�8�.�0�0� � � � � � �1�8�.�0�0� � � � � � �1�9�.�0�0

�H�e�l�i�x� �s�l�o�p�e� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�f�H�b�T�]� � � � � � �1�8�.�0�0� � � � � � �1�8�.�0�0� � � � � � �1�9�.�0�0

�T�o�t�a�l� �h�e�l�i�x� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�F�b�T�]� � � � � � �2�5�.�0�0� � � � � � �2�5�.�0�0� � � � � � �2�7�.�0�0

�T�o�t�a�l� �c�u�m�u�l�a�t�i�v�e� �p�i�t�c�h� �d�e�v�i�a�t�i�o�n� �(�µ�m�)� �[�F�p�T�]� � � � � � �5�0�.�0�0� � � � � � �5�0�.�0�0� � � � � � �7�8�.�0�0
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�S�i�n�g�l�e� �f�l�a�n�k� �c�o�m�p�o�s�i�t�e�,� �t�o�t�a�l� �(�µ�m�)� �[�F�i�s�T�]� � � � � � �8�2�.�0�0� � � � � � �7�9�.�0�0� � � � � �1�1�5�.�0�0

�S�i�n�g�l�e� �f�l�a�n�k� �c�o�m�p�o�s�i�t�e�,� �t�o�o�t�h�-�t�o�-�t�o�o�t�h� �(�µ�m�)� �[�f�i�s�T�]� � � � � � �3�2�.�0�0� � � � � � �2�9�.�0�0� � � � � � �3�7�.�0�0

�R�a�d�i�a�l� �c�o�m�p�o�s�i�t�e�,� �t�o�t�a�l� �(�µ�m�)� �[�F�i�d�T�]� � � � � �1�0�1�.�0�0� � � � � �1�0�1�.�0�0� � � � � �1�2�0�.�0�0

�R�a�d�i�a�l� �c�o�m�p�o�s�i�t�e�,� �t�o�o�t�h�-�t�o�-�t�o�o�t�h� �(�µ�m�)� �[�f�i�d�T�]� � � � � � �6�0�.�0�0� � � � � � �6�0�.�0�0� � � � � � �6�0�.�0�0

�A�x�i�s� �a�l�i�g�n�m�e�n�t� �t�o�l�e�r�a�n�c�e�s� �(�r�e�c�o�m�m�e�n�d�a�t�i�o�n� �a�c�c�.� �I�S�O� �T�R� �1�0�0�6�4�:�1�9�9�2�,� �Q�u�a�l�i�t�y� � �6�)

�M�a�x�i�m�u�m� �v�a�l�u�e� �f�o�r� �d�e�v�i�a�t�i�o�n� �e�r�r�o�r� �o�f� �a�x�i�s� �(�µ�m�)� �[�f�S�i�g�b�e�t�]� � � � � � �1�6�.�2�5� � � � � � �1�6�.�2�5

�M�a�x�i�m�u�m� �v�a�l�u�e� �f�o�r� �i�n�c�l�i�n�a�t�i�o�n� �e�r�r�o�r� �o�f� �a�x�e�s� �(�µ�m�)� �[�f�S�i�g�d�e�l�]� � � � � � �3�2�.�5�0� � � � � � �3�2�.�5�0

�8�.� �A�D�D�I�T�I�O�N�A�L� �D�A�T�A

�M�a�s�s� �-� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �d�a� �(�k�g�)� �[�M�a�s�s�]� � � � �1�9�1�.�3�2�0� � � � �2�9�2�.�8�0�8� � � � �4�9�8�.�9�0�4

�T�o�t�a�l� �m�a�s�s� �(�k�g�)� �[�M�a�s�s�]� � � �1�8�6�1�.�4�5�4� � 

�M�o�m�e�n�t� �o�f� �i�n�e�r�t�i�a� �(�S�y�s�t�e�m� �r�e�f�e�r�e�n�c�e�d� �t�o� �w�h�e�e�l� �1�)�:

� �c�a�l�c�u�l�a�t�i�o�n� �w�i�t�h�o�u�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e� �e�x�a�c�t� �t�o�o�t�h� �s�h�a�p�e

�s�i�n�g�l�e� �g�e�a�r�s� �(�(�d�a�+�d�f�)�/�2�.�.�.�d�i�)� �(�k�g�*�m�²�)� �[�T�r�a�e�g�h�M�o�m�]� � � � �1�.�9�0�3�5�3� � � � �4�.�8�1�7�7�9� � �1�4�9�.�7�4�3�3�1

�S�y�s�t�e�m� �(�(�d�a�+�d�f�)�/�2�.�.�.�d�i�)� �(�k�g�*�m�²�)� �[�T�r�a�e�g�h�M�o�m�]� � � � �9�.�9�8�0�3�0

�M�e�a�n� �c�o�e�f�f�.� �o�f� �f�r�i�c�t�i�o�n� �(�a�c�c�.� �N�i�e�m�a�n�n�)� �[�m�u�m�]� � � � � � �0�.�0�5�6� � � � � � �0�.�0�4�1

�W�e�a�r� �s�l�i�d�i�n�g� �c�o�e�f�.� �b�y� �N�i�e�m�a�n�n� �[�z�e�t�w�]� � � � � � �0�.�9�8�3� � � � � � �0�.�6�0�7

�M�e�s�h�p�o�w�e�r� �(�k�W�)� � � � �7�8�0�.�0�0�0� � � � �7�8�0�.�0�0�0

�G�e�a�r� �p�o�w�e�r� �l�o�s�s� �(�k�W�)� � � � � � �1�.�7�9�1� � � � � � �0�.�4�8�2

�T�o�t�a�l� �p�o�w�e�r� �l�o�s�s� �(�k�W�)� � � � � � �9�.�0�9�1

�T�o�t�a�l� �e�f�f�i�c�i�e�n�c�y� � � � � � �0�.�9�9�1

�9�.� �D�E�T�E�R�M�I�N�A�T�I�O�N� �O�F� �T�O�O�T�H� �F�O�R�M

�D�a�t�a� �f�o�r� �t�h�e� �t�o�o�t�h� �f�o�r�m� �c�a�l�c�u�l�a�t�i�o�n� �:

�D�a�t�a� �n�o�t� �a�v�a�i�l�a�b�l�e�.



�1�0�/�1�0

�1�0�.� �S�E�R�V�I�C�E� �L�I�F�E�,� �D�A�M�A�G�E

�R�e�q�u�i�r�e�d� �s�a�f�e�t�y� �f�o�r� �t�o�o�t�h� �r�o�o�t� �[�S�F�m�i�n�]� � � � � � � �1�.�4�0

�R�e�q�u�i�r�e�d� �s�a�f�e�t�y� �f�o�r� �t�o�o�t�h� �f�l�a�n�k� �[�S�H�m�i�n�]� � � � � � � �1�.�0�0

�S�e�r�v�i�c�e� �l�i�f�e� �(�c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �r�e�q�u�i�r�e�d� �s�a�f�e�t�i�e�s�)�:

�S�y�s�t�e�m� �s�e�r�v�i�c�e� �l�i�f�e� �(�h�)� �[�H�a�t�t�]� �>� � � � �1�0�0�0�0�0�0

�T�o�o�t�h� �r�o�o�t� �s�e�r�v�i�c�e� �l�i�f�e� �(�h�)� �[�H�F�a�t�t�]� � � � � �1�e�+�0�0�6� � � � � �1�e�+�0�0�6� � � � � �1�e�+�0�0�6

�T�o�o�t�h� �f�l�a�n�k� �s�e�r�v�i�c�e� �l�i�f�e� �(�h�)� �[�H�H�a�t�t�]� � � � � �1�e�+�0�0�6� � � � � �1�e�+�0�0�6� � � � � �1�e�+�0�0�6

�N�o�t�e�:� �T�h�e� �e�n�t�r�y� �1�e�+�0�0�6� �h� �m�e�a�n�s� �t�h�a�t� �t�h�e� �S�e�r�v�i�c�e� �l�i�f�e� �>� �1�,�0�0�0�,�0�0�0� �h�.

�D�a�m�a�g�e� �c�a�l�c�u�l�a�t�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e� �r�e�q�u�i�r�e�d� �s�e�r�v�i�c�e� �l�i�f�e� �(� �2�0�0�0�0�.�0� �h�)

� �F�1�%� �F�2�%� �F�3�%� �H�1�%� �H�2�%� �H�3�%

� � � �0�.�0�0� � � �0�.�0�0� � � �0�.�0�0� � � �0�.�0�0� � � �0�.�0�0� � � �0�.�0�0

�R�E�M�A�R�K�S�:

�-� �S�p�e�c�i�f�i�c�a�t�i�o�n�s� �w�i�t�h� �[�.�e�/�i�]� �i�m�p�l�y�:� �M�a�x�i�m�u�m� �[�e�]� �a�n�d� �M�i�n�i�m�a�l� �v�a�l�u�e� �[�i�]� �w�i�t�h
� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �a�l�l� �t�o�l�e�r�a�n�c�e�s

� �S�p�e�c�i�f�i�c�a�t�i�o�n�s� �w�i�t�h� �[�.�m�]� �i�m�p�l�y�:� �M�e�a�n� �v�a�l�u�e� �w�i�t�h�i�n� �t�o�l�e�r�a�n�c�e

�-� �F�o�r� �t�h�e� �b�a�c�k�l�a�s�h� �t�o�l�e�r�a�n�c�e�,� �t�h�e� �c�e�n�t�e�r� �d�i�s�t�a�n�c�e� �t�o�l�e�r�a�n�c�e�s� �a�n�d� �t�h�e� �t�o�o�t�h� �t�h�i�c�k�n�e�s�s
�d�e�v�i�a�t�i�o�n� �a�r�e� �t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t�.� �S�h�o�w�n� �i�s� �t�h�e� �m�a�x�i�m�a�l� �a�n�d� �t�h�e� �m�i�n�i�m�a�l� �b�a�c�k�l�a�s�h� �c�o�r�r�e�s�p�o�n�d�i�n�g
� �t�h�e� �l�a�r�g�e�s�t� �r�e�s�p�.� �t�h�e� �s�m�a�l�l�e�s�t� �a�l�l�o�w�a�n�c�e�s
� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�s� �d�o�n�e� �f�o�r� �t�h�e� �O�p�e�r�a�t�i�n�g� �p�i�t�c�h� �c�i�r�c�l�e�.�.

�-� �D�e�t�a�i�l�s� �o�f� �c�a�l�c�u�l�a�t�i�o�n� �m�e�t�h�o�d�:

� �c�g� �a�c�c�o�r�d�i�n�g� �t�o� �m�e�t�h�o�d� �B

� �K�V� �a�c�c�o�r�d�i�n�g� �t�o� �m�e�t�h�o�d� �B

� �K�H�b�,� �K�F�b� �a�c�c�o�r�d�i�n�g� �m�e�t�h�o�d� �C

� �f�m�a� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �(�6�4�)�,� �F�b�x� �f�o�l�l�o�w�i�n�g� �(�5�2�/�5�3�/�5�6�)

� �f�s�h� �c�a�l�c�u�l�a�t�e�d� �b�y� �e�x�a�c�t�l�y� �f�o�l�l�o�w�i�n�g� �t�h�e� �m�e�t�h�o�d� �i�n� �A�n�n�e�x� �D�,

� �I�S�O� �6�3�3�6�-�1�:�2�0�0�6

� �L�i�t�e�r�a�t�u�r�e�:� �J�o�u�r�n�a�l� �"�A�n�t�r�i�e�b�s�t�e�c�h�n�i�k�"�,� �6�/�2�0�0�7�,� �p�.�6�4�.

� �K�H�a�,� �K�F�a� �a�c�c�o�r�d�i�n�g� �t�o� �m�e�t�h�o�d� �B

�-� �T�h�e� �l�o�g�a�r�i�t�h�m�i�c�a�l�l�y� �i�n�t�e�r�p�o�l�a�t�e�d� �v�a�l�u�e� �t�a�k�e�n� �f�r�o�m� �t�h�e� �v�a�l�u�e�s� �f�o�r� �t�h�e� �f�a�t�i�g�u�e� �s�t�r�e�n�g�t�h� �a�n�d
� �t�h�e� �s�t�a�t�i�c� �s�t�r�e�n�g�t�h�,� �b�a�s�e�d� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �l�o�a�d� �c�y�c�l�e�s�,� �i�s� �u�s�e�d� �f�o�r� �c�o�e�f�f�i�c�i�e�n�t�s� �Z�L�,� �Z�V�,� �Z�R�,� �Z�W�,� �Z�X�,� �Y�d�r�e�l�T�,� �Y�R�r�e�l�T� �a�n�d� �Y�X�.�.

� 

�E�n�d� �o�f� �R�e�p�o�r�t� �l�i�n�e�s�:� � � � � � � � � � � � �5�4�2

� 
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