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Nano -metric Polishing of Optical Lenses by Magnetic Float Polishing (MFP) 
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Abstract  
Polishing of surfaces by Magnetic Float Polishing, is a non-traditional method of machining. This article aims to study polishing of 
spherical lenses by magnetic float polishing (MFP). Principle of this method is based on magneto- hydrodynamic behavior of 
magnetic fluid. Optical lenses which are used in military industry are the most important parts polished by MFP. Because of the 
Military Binoculars and military camera in the Drones it’s important that optical lenses used in them, should have a high level of 
roughness possible. By this method, it is possible to polish such surfaces up to nanometer scales, which traditional methods can not 
satisfy such precision.  Amount of mixing the abrasives in a magnetic fluid, abrasives size, spindle speed and process time are 
studied in this investigation. At this study, a device was designed and manufactured and transparency and the roughness obtained are 
two features of the process that has been studied. After designing and applying of MFP, the experiments carried out on it and its 
results have been analyzed. Finally, after analyzing and optimizing the factors in MFP process experimentally and statistically, a 
roughness of Rz= 14nm has been obtained and it’s found that by increasing of the spindle speed and amount of mixing the abrasives 
in a magnetic fluid and abrasives size, the roughness will be improved at least 10 percent. By Using the MFP for spherical lenses, 
polishing process is not related to their core radius and it makes the cost savings and speed to be paid. Effective parameters and the 
regression equations governing the process are also determined. 
Keywords: Nano-metric Polishing, Abrasive Machining, Magnetic Fluid, Roughness, Optical Lenses. 
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1 Magnetic Float Polishing 
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1 recast layer 
2 Magnetic Abrasive Finishing (MAF) 
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3 colloid  
4 Al2O3 
5 ZrO2  
6 Cr2O3 
7 Cu2O 
8 Fe2O3 
9 SiC  
10 SiO2 
11 SrO2  
12  B4C 
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��&��'� (��� M7�>�

 
��&��'� �-��� �7H< �/ (N) 0)7�? 
��&��'� �-��� �7H< �/ (O)

(��� �/ 
CE- P�; * 0)7�?]7[  

 
 
  

3 -  0�34�5 678� 9:-)1� �) ��� 
<-1& ��Q��)



���-  

�
�� 8�GO�� ;�<. 
6��	� ��S�� �: �����. >��? _� ���Q
.� �: ��

 .�@ �
6�. � �R�	2 �G�7
.� ����2��B� A��. �� ����@ X�@4 

(t��) 	��4� �CAD  E�9�� 
��R �� �� ��7
.� �	��4� 3�� ({) 
M�J �

[���_� �� 1�+� .�G� 

  
  

F
� 3- �/ 678� 9:-)1� ��+D1E �) 0�-)1/ �)-1/ F<-1� (��� ����*


��&��'� 1- �'� ,-�. 
��&�2-  ��2 �R8S T8� 0�-7�3��3-  ��.

 ���+��4 -  �)-1/5- 
��&��'� (��� 921< 9��  

  
 

 
F
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X�@ 3�� ��M@ �: 1���� ��L� � ���1 A��. 8��R U	� �

 ���M@ �: ���2��B�2�I<J � ���M@ �: ���3 ���M@ �: �Mw�� 8�G�:	�G� �

4 ���M@ �: ��7
.� �=F� ���� �5�7� �V�M9� � ���M@ �: �G�:	�G� ������

6 ���M@ �: ��7
.� �=F� ���: �7 
�IJ�� 
���� ��� � �M�G�� �=�� �

�7� �V�M9� ���M@ �: �:	�G� ������8 � �7� �LQF 8��R U	� ������

 ���M@ �: ���2��B� A��.9 .
.� ��@ ���� 1�+�  

  

4 -  
<-1&P+���D�3  

�� �� ���� 8�G	
����� ������V ���@�: 	W�� ����	  E�9�� �� ������

 :_�1 -  >��? b�5 �����.2 -  
V	.�=� 1���� �,3 -  A��. 
S=C

 ���2��B�4 -  �����. >��? ���T�5 - E�9�� 1��_ .����	   

[���_� �� 	�? 8�G	
����� _� E��� 	G 8�	: �
 	�(� >��F 8�G

�� �
 	, 	S� �� �R�<. ��@ A��5 �� �� ��@1  ��@ ���� 1�+�

 .
.�5 �. ��? v������� 3 �=� 1���� 
V	. K<.��, 2  ���T� K<.

�	�c� �. >��?���� . ��A�����2��B�  �3 �	  E�9�� 1��_ K<.��� 

�[�:��� �@.
.� � 

���� ������. >��?  ���� �H��=�. ��:��� ���� �H��=�. ����� �����

E�����	
.� ���� �E�����	�_ ������  ������ E�������� ����� �_���� .�@�:

 3�: �����. >��?10  ��35 �� 	
����� 
V	. .�@�:�=� 1���� �,

1750  �2200  �3600 	: ����. .
.� ��@ {�f
�� �T�J� A�

���� �V�� O�� ���Q
.� ���� ���2��B�  ��w�=��� {� �� 3G� �: �� �@�:

 3�� .
.� ��@ ����� A��. Y�L� �� m_�� H�. ���	
��� ��9Q�� '��

 
S=C �: A��.ppm1500 [���_� �� � ��/� ��@ �
 	, ��� �: �G

.
.� 

5 - P+���D V�	�- �7 ��3  

. � ���� ��	J U	� t� �� �� O�� ��
:� O�� 
M. �: 	S� ���� K<

�� ��	J ��7
.�>��? ���T� �b�5 .�	�,  
S=C � �����. �5�� �: A��.

[���_� �R�	2 �:�� 3�I� �G .��@  

 
 (*��1- ��� ��E1X1Y� �) 678� �/ ��+D1E �) 1Z7� 0�31��-���  

�.�	: ���� ;�<. ��@ �.�	: 8�G��
��   

100 50 
�. >��? ]^
6����� 

� /E	,)	
�( 

ZrO� SiC SrO� Al�O
 SiO� �. >��? b�5���� 

3600 2200 1750 
�=� 1���� 
V	. -

�,(rpm) 

75 60 45  3�@�� 1��_8���(min) 

  

3�� �:[���_� E�9�� _� b� �� >��FE	� _� ���Q
.� �: ��G��O �        

Minitab �� {�f
�� ���/: ;�<. � .���@[���_� E�M� ���T� �G A��. ��

40 �. .
.� �. 1���� ��L� ����
. X��� ��L� 1���� �: 1����

�: 
6��	� ��7
.� O�� ���2��B� A��. �� ����@ �����. >��? �=�.�

�� 1���� �: v�	@�� �� [6	N �: �� A��. � ���M�.����  

 A��. �� �����. >��? ]^
6� 1�O�� ������. >��? b�5

�=� 1���� 
V	. ����2��B�, ���G��
��  ����	  E�9�� 1��_ >�� � �

�
 	, ��	J �.�	: ���� �� ��
�G.���  

[���_� 3�� E�9�� 8�	:'�� _� �G 8�G[���_� �R�	21  ���Q
.�

 �
 	, 	S� �� �j�	� 3�� 8�	: �� �R	2 .
.� ��@ �R�	2 '�� ���@

 .
.� X��� A����
��   

[���_� �R�	2 �[G�\� 3�� ��E	� Y.�� �G�O � �Minitab   >��F

[���_� ��<�L� {�=<��� X���V _� 8	�,�=5 8�	: �3��aMG .
 	, �G

�: .�@ E�9�� � ��4� >��F 

 

6 - \*� ��-��-01�X  

�	  E�9�� _� U�G��� �: ;�<. 
6��	� ����@ �����. >��? �=�.�

����2��B� A��. �� .�1��  �F �:� 	
/: �N 	G K<. �	:8 �GO��8 


����� �N	G .
.� �
�Q� �O � �GO�� K<.[� �:�� �G�	:��� 
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I�F� c.��� 	���: �G��6  �Q@ �
� ��4�	� �O � �� 1� _� XF�R[� 

��.�G�  

�_����� �F 8	�, 1� E	  
/5 �: ���
�� 8�GO�� K<. �M� �G

 
/5 �� �F�4f� 8�G	�M6 _� ���Q
.� �: ���: ��
:� .
.� X�+�

�I<J 
�����7
.� O�� 8�� �����_���� ��� ���Q
.� 8	�, 8�� O�� ���@

 
���� O����	,�_���� 8�	: ���2 �bz. . 8�	: K<. � �F 8	�,

�� �f+� ��7
.� .��@��9��� �� 8	:_ _�  A�� �.�M� `�.Hommel 

Wave Tester  A�2 �: 8	��� 8�� 	:8/0 �=��	
�  ��.� 	: �

 ������
.�ISO 11562(M1)  ���Q
.� .
.� ��@  
V	. 
�	R 1_�.

8	:_ `�. �I<J K<. 8������ �: 	:�	: 5/0  �=�� ����W �� 	
� 3��I�

���	,. 	:_8 ����� �GO��8 ��_� �����[� � _� X�J3� �	 ��� 
6��	� -

8��� � ��<:3�7���  �: 	:�	:320 .��: 	
�����  

 A��5 �� ��@ 3��I� ;�<. �: �5�� �: �[G�\� 3�� ��1  8�	:

������. >��? ]^
6� �=� 1���� 
V	. ������. >��? b�5 1��_ � �,

3�@�� ��V�M9� �8���90  �� XF�R `��
� �� 
 �� E�9�� �:	9� [���_�

 A��52  
/5 �
.� 	�? 1���@ .
.� ��@ ����� ����T� 
/5

[���_� �-���M
��. 8�G�<6 _� 8	�7+�� E�9�� � ��4� >��4: 8�G

��@ A��5 �� �� ����2 .� 1����N �: YT .
.� ��@ ���@� �/�� ������
  

  

 7 - �D F�� ; * ]+����3  

 A��5 `��
�2 �� 1�+� _� 8�����@�� 1��_ [��O � �: �� �G�45 

 �:60 �� ���/: K<. � �F ��T�J�_� ���� 3�� ��� ��:�� 60  �:75 

�SR^� X:�J ���/: �T�J��M� 1�+� ��6 _� 8�.�G�  �� �� 3�� _� 1���

��	  �
 	, �9�
� �� ��60  .
.� ��@ X��� ����	T� ��T�J� �	7�� U	2 _�

 _� �����. >��? ]^
6� [��O � �:50  �:100  3��aMG � 	
�� �� E	,

�=� 1���� 
V	. _� �,1750  �:3600  K<. � �F ��T�J� �� ���

.
.� �
 �� ���/:   

E	� _� ���Q
.� �: �[G�\� 3�� _� XF�R b������ O�������O � Minitab  

 A��5 ��3  �
.���� A��5 3�� _� �� ��<��MG .
.� ��@ ���� 1�+�

�=� 1���� 
V	. ������. >��? b�5 ������. >��? 
S=C 1�O�� � �,

 3�� 3��aMG � ����� 	�W�� �w�/� K<. � �F �� ����	  E�9�� 1��_

�: �G��
��  �� 	W� X��I� �J�  �� �: �� >��F U(R �: �3��	:��: .��@�:

����� ����I� � ���	, E�9�� ����9� �b������ O����� �	W��	�C 8�G	


 �: 1��.	,� ����I� >��F1 :�@ XF�R 
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1 Design of Experiment  
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Roughness = 34 − 2.07� + 0.256� − 1.70! − 1.22"       (1) 

  

 (*��2- P+���D �- F"�< ]+��� 0-1/ 
/1	; 0�301/�  

���M@ 

 b�5

 >��?

�.����  

 
V	.

�=� 1���� -

    �, 
(rpm) 

 1��_

�@��3 -

 8��� 
(min) 

 >��? ]^
6�

�. ���� 
( E	, /	
�� ) 

 
�Q��

K<. 
(nm) 

1 SrO2 1750 45 50 22 

2 SrO2 1750 60 50 20 

3 SrO2 1750 75 50 20 

4 ZrO2 1750 45 50 34 

5 ZrO2 1750 60 50 32 

6 ZrO2 1750 75 50 31 

7 SiO2 1750 45 50 32 

8 SiO2 1750 60 50 30 

9 SiO2 1750 75 50 30 

10 Al2O3 1750 45 50 34 

11 Al2O3 1750 60 50 32 

12 Al2O3 1750 75 50 32 

13 SiC 1750 45 50 28 

14 SiC 1750 60 50 26 

15 SiC 1750 75 50 26 

16 SrO2 2200 45 50 21 

17 SrO2 2200 60 50 19 

18 SrO2 2200 75 50 18 

19 ZrO2 2200 45 50 30 

20 ZrO2 2200 60 50 28 

21 ZrO2 2200 75 50 28 
22 SiO2 2200 45 50 31 

23 SiO2 2200 60 50 29 

24 SiO2 2200 75 50 27 

25 Al2O3 2200 45 50 33 

26 Al2O3 2200 60 50 31 

27 Al2O3 2200 75 50 31 
28 SiC 2200 45 50 27 
29 SiC 2200 60 50 25 
30 SiC 2200 75 50 25 
31 SrO2 3600 45 50 18 
32 SrO2 3600 60 50 16 
33 SrO2 3600 75 50 16 
34 ZrO2 3600 45 50 27 
35 ZrO2 3600 60 50 25 
36 ZrO2 3600 75 50 25 
37 SrO2 3600 45 50 30 
38 SrO2 3600 60 50 28 
39 SiO2 3600 75 50 28 
40 Al2O3 3600 45 50 32 
41 Al2O3 3600 60 50 30 
42 Al2O3 3600 75 50 30 
43 SiC 3600 45 50 26 
44 SiC 3600 60 50 24 
45 SiC 3600 75 50 23 
46 SrO2 1750 45 100 20 
47 SrO2 1750 60 100 18 
48 SrO2 1750 75 100 18 
49 ZrO2 1750 45 100 32 
50 ZrO2 1750 60 100 30 
51 ZrO2 1750 75 100 30 
52 SrO2 1750 45 100 30 
53 SrO2 1750 60 100 28 
54 SrO2 1750 75 100 28 
55 Al2O3 1750 45 100 32 
56 Al2O3 1750 60 100 30 
57 Al2O3 1750 75 100 29 

58 SiC 1750 45 100 26 
59 SiC 1750 60 100 24 
60 SiC 1750 75 100 23 
61 SrO2 2200 45 100 19 
62 SrO2 2200 60 100 17 
63 SrO2 2200 75 100 16 
64 ZrO2 2200 45 100 28 
65 ZrO2 2200 60 100 26 
66 ZrO2 2200 75 100 25 
67 SiO2 2200 45 100 29 
68 SiO2 2200 60 100 27 
69 SiO2 2200 75 100 26 
70 Al2O3 2200 45 100 31 
71 Al2O3 2200 60 100 29 
72 Al2O3 2200 75 100 28 
73 SiC 2200 45 100 25 
74 SiC 2200 60 100 23 
75 SiC 2200 75 100 23 
76 SrO2 3600 45 100 16 

77 SrO2 3600 60 100 14 

78 SrO2 3600 75 100 14 
79 ZrO2 3600 45 100 25 
80 ZrO2 3600 60 100 23 
81 ZrO2 3600 75 100 23 
82 SiO2 3600 45 100 28 
83 SiO2 3600 60 100 26 
84 SiO2 3600 75 100 24 
85 Al2O3 3600 45 100 30 
86 Al2O3 3600 60 100 28 
87 Al2O3 3600 75 100 28 
88 SiC 3600 45 100 24 
89 SiC 3600 60 100 22 
90 SiC 3600 75 100 22 

 
 X�@5 (t��)  �� K<. � �F 	:�	: �� �����. >��? ]^
6� 1�O��

�� 1�+� >��? 
S=C [��O � �: �
.���� X�@ 3�� _� �� ��<��MG .�G�

�7���� ������.�� ���/: K<. � �F 3.�:�� Y��	@ 3�� 
L��  >��?

�I<J K<. �: ���6	: b��@ 8	
+�: �����.���	: �9�
� �� � ��� 8���	:

 .
@�� ��G��6 �� 1� _�  

     X�@5 ({) �� 1�+� �� K<. � �F 	:�	: �� A���z.� 
V	. .�G�

 �A���z.� 1���� 
V	. [��O � �: �
.���� X�@ 3�� _� �� ��<��MG

�� ���/: K<. � �F .�:��
V	. �� O�� �9��� �� ���I� 	�P�: 8�G

 �����. >��? _� 8	
+�:�I<J K<. �: 1��_ �R�� �� ��	� ���6	: ��� �

���	:�� 8���	: .����   

 X�@5 (ج)   ��� 1��+� ����	  E�9�� 1��_ 	:�	: �� �� K<. � �F -

��_ [��O � �: �
.���� X�@ 3�� _� �� ��<��MG .�G� _� ����	  145   ��:

60 �� ���/: K<. � �F ��T�J�  _� 1���_ [��O� � �: ��� ��:��60   ��:75 

�M� �5 �: K<. � �F ���/: ���� �� �.��L�  	�W�� ��T�J�   ��� ���(�,

 �� ����	  �
.��I� 1��: 3��60 �� 1���� �T�J�.�:�� X��� 3��  	�� ��� -

 >��? 1�@ ���.	  ������2 �����. 3�� �@�: >�� >��? 1�N ������. 

 �:O�� 	7���� 1� �_���� 1��_ 
@(, �: � �
@�� ���6	:-N�� �G ���@ 	�

 K<. 
6��	� ���M� ��������(,	�W�� .��@�:  

 ��
�� ) �����. >��? b�5 	
�����B  A��5 ��3  	�W��� 3�	
+�: (

   -�N�� X���� ��: �� ���� ���� 
.� �: K<. � �F 	: ��   1���: 	��P-

value   3��  ��� ��G	
����� 	��. �: 
��� b������ O����� �� ��
��  .��@�:

 �� �����. >��? ��I:�  �����L�50-20   	
������    1� 3�	�
M� ��� y�����:

 �: ]�:	�SrO2 �����	: ~	� [G�� c�. v�|�� 3�� .�@�:�� 8���	: -

 3�	
M� 8���� �����. ���� 3�� �	7�� U	2 _� .��	, ) �
f�.HRB 95 (

 O����� .�@�:3�@�� 3�R �� �(  ��� ���� K<�. 	: 8	
M� c�.� 8��� -

�� Y��	@ 3�� �� K<. � �F 3�	
/: �: X�� c�. v�|�� �� 3�� .��� -

   ]��:	� k��TL� 3�� �� �����. >��? ��I:� 3�	
,�O: �3�� 	: ��^V .��	,

 �:Al 2O3 ��    ���	�: ~	�� 1��@ 	
�+�: �: �5�� �: .�@�:   3��� �� 8���	�:
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�� �Y��	@X��� 1���   .���M� ��5�� �� Y��	@ 3�� �� K<. 	
M� 
�Q��

�AP�
.� 3�� �: ��
@�� �����. >��? _� 1���3+6 �=R	� �� 	� � 8���

-N�� �_���� �: �����. >��? _�     
�6��	� � 
�6��	� ��M�� X�R�	� �� 	�

���� 
T:�<� 1��� ���T� `��
� �: v�|�� 3�� .�	� ���Q
.�]٩.[  

L� �� �����. >��? ��I:� ����50 -20  1� 3�	
M� �� y����: 	
�����

 �: ]�:	�SrO2 �����	: ~	� [G�� c�. v�|�� 3�� .�@�:�� 8���	: -

 ) �
f�. 3�	
M� 8���� �����. ���� 3�� �	7�� U	2 _� .��	,HRB 95 (

�� O��3�@�� 3�R �� �(� .�@�:  ��� ���� K<�. 	: 8	
M� c�.� 8��� -


/: �: X�� c�. v�|�� �� 3�� .����� Y��	@ 3�� �� K<. � �F 3�	 -

) ��	, X�@5 �(      3��� �� ������. >��? ���I:� 3�	�
,�O: �3��� 	: ��^V .

 �: ]�:	� k�TL�Al2O3 ��    ���	�: ~	�� 1��@ 	
�+�: �: �5�� �: .�@�: -

 8���	:
L� �� �Y��	@ 3�� 3�� �� K<. 	
M� 
�Q�� X��� 1���
��R 

 .��M� ��5�� �� ��� �AP�
.� 3�� �: � 1����  
�@�� ������. >��? _  �� 	��

3+6 �=R	�-N�� �_���� �: �����. >��? _� � 8���   ��M�� X�R�	� �� 	�

 � 
6��	�
6��	� .�	� ���Q
.�  

 X�@6 �I<J �I: � X�J �� ���
6��	�8��� �� 1�+� ��<��MG .�G�

[���� _� �I: �
.���� X�@ 3�� _� ��    ��
 �� ����/: K<�. � �F �8���

 .
.�  
  

 (*��3- V1� �- �)�!��- �/ ^��+�-* 4�5��D�-4E- Minitab  

P  F  Adj MS  Adj SS  Seq SS  DF  Source  
0.028  5.08  88.10  88.10  96.10  1  A  
0.000  14.76  256.05  768.15  768.15  3  B  
0.013  4.73  82.08  164.15  173.42  2  C  
0.082  2.61  45.24  90.48  101.09  2  D  
1.000  0.00  0.05  0.15  0.15  3  A*B  
1.000  0.00  0.00  0.00  0.00  2  A*C  
0.994  0.01  0.10  0.20  0.20  2  A*D  
0.816  0.49  8.44  50.63  50.63  6  B*C 
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