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Abstract

In order to improve the machining accuracy of a thin-walled workpiece, the fixture layout

and clamping forces should be optimized for the machining operation. A dual optimization

model of fixture layout and dynamic clamping forces has been established. Fir stly, an

optimal fixture layout is generated by considering the deformation degree and distribution.

Thereafter, dynamic clamping forces are optimized based on the optimal fixture layout.

The finite element method is used to analyze the workpiece machining deformation. A

genetic algorithm is developed to solve the optimization model to obtain the optimal fixture

layout and dynamic clamping forces. Finally, an example is used to illustrate that the

optimization method can reduce the machining deformation effectively and improve the

distribution condition.

Keywords: fixture layout; genetic algorithm; finite element; dynamic clamping forces;

optimization

2000 Mathematics Subject Classification: 74P10

* 2007 n 4 g 8 �9f.
1) 5k$�)0X� (50775111) !��i.



2 F�dR\dRZHN 2009 n
1. ����U ;,;b9r�"�~>�BK��	s, �_Æ�w�g�&/
}_�yFz�^�7. %hig�&��g
=>}�=Fz%hA~i�&, p?%hil+�8, RWg��g%bFzi�g�&>l+�&%�F7, 20%∼60%il+�83R+wi�gFzi [1]. 4kp{�W�g�~�Æ�w�g�&i/
�(C;yi2�, �9t�)�g
=_4�g�&�PKk [2−8], Xni%'�9u�Z�E{��'P_;EOiPK, #A_;h� (�)��&V)�g
=k) ,uPKh�, [S'PEO>h��qi/@k. RWl+7A3{[�Ki, +wn1yg
=,M�#�LcPW|y�N, 7�i�23.M*�g
=\a1yg
=A4G}�7Ai{[* [9]. ET, �{|t�g�&�>�g
=PK!c}_�(2�.

2. Xe7bM1X^lH:
Qo�n�_Æ�w�g^l+7A�, `w[+wqi�N=�c�>g
`w�+wi,M= (}�=>g
=) S-+w9#a*�&>�N�&, d�c�l+rP+wq?, J�l+�~. %hig�&��g
=>}�=p?%hia*�&��N�&>+wq?.us �g�&>l+�&, �{]J.M�5PK!c��PK�g��, AS�/
�g�&. �5PK!c���uA(: 1) g�&�>g
=ih(PK�2) WWPK&�i�g
=PK.

2.1. Vc5`KV\jCp2�On�
1) PKc$RWg�&�[g
=�qXn/@*, ET_;EOPK%l��&�PK�63��)Pi�6, uT, g�&�PK'i!c�BG
4g�[+wi�Nx�>g
=Z�. RW;,;bHwil+�~9�]", ]JA)�Kl+N��'l+rP)Zq?B, A^#hK'l+rPiq?Buh�9E�(PKc$!c.n!S p &g�`w[+w��N, }�=�+wi,M���u n (, *Az;g�&�[g
=�h�PKE/c$:

min(max( |∆1| , |∆2| , · · · , |∆k| , · · · , |∆n| )) (2.1)

min(
√

∑

(∆k − ∆)2/n) (2.2)

s.t.

Fni
≥ 0, i = 1, · · · , p (2.3)

µi |Fni
| ≥

√

F 2
τi

+ F 2
ηi

(2.4)

pos(i) ∈ V (i), i = 1, 2, · · · , p (2.5)/� ∆k u}�=,Mep k ('l+rPi)Z�&"��, ∆ 3+wl+�&is#�,

Fni
3g�`w i [+w�qi��=, µ 3g�`w i [+w�qie+�E, Fτi

, Fηi
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1 w =w� l: XX GA ? FEM jh�'�?�hÆ>QL"d 3g�`w i [+w�qiA&}�=, pos(i) 3g�`w i [+wi�Nx�, V (i) 3+w�[g�`w i �Giyx!aiS��^.

2) PK!ceC��
(1) =sCeCn&�PK!c�, RWyx>g
x�%bVg
=Z�%@4S-+wn=�=�,M�9#
�k��, -yx%|y. uC�`
�, �,�}+wn�D=�e+=�g
=>}�=,M�i=sC>=�sC, w3g�PKiW�eC, ME/!Y/*!0u [3]:

{

∑

Ri +
∑

Pj +
∑

Fk +
∑

Fm + G = 0
∑

(rRi × Ri) +
∑

(rPj × Pj) +
∑

(rFk × Fk) +
∑

(rFm × Fm) + rG × G = 0
(2.6)/� Ri, Pj , Fk, Fm > G �"u�D=�g
=�e+=�}�=>�=; rRi, rPj , rFk, rFm,

rG �"ux�,B.

(2) yxeC+wyx3g�!ciW�9�, Y�}C+wng��i��x�. ~W.MryxO3sayx, �,��+wng�`w�yxV�D'9H��N, :`�N=i���,.���+w!a, �D=�,ZWH, A�F+wi|y*, A`	#o6��, �./ (2.3)X0.Jp, uC%uM+wi��yx, +w[yx`wq%lXnI{, ET, WW0Ve+y7, z;�./ (2.4) X0ieC2�.

(3) yxS��^eCg�PK!c', �S2�ssFSyxw>g
wkn+w�ix�eC, TÆ�PKTgC)Px�, `g�`w~���, uT, �{'PCg�`w[+w�qiS��N}_, `)�+w>g�`w&�'P�gx�ieC, A�%kZ>2k\=�^, 9�, b.M��Dxyx (L1, L2, L3) ', �6yxW��S%3rkZ, rn�yPKS��^'GL
�GikZ*�, {�.M��&���, �m 1 X0.

n 1 zy�EsfD1:
(4) g
=eCg
i�9hi3-+wn{&l+7A��Fyxx�%�. �+w%[g
=E%luM+wng��i|�x�; %l-+w9#?{��{V	#z{, :%lVM+w!aV-+w9#�Z�&. g
x�G[yx>�Dx���G, #@7&�, AvYe)i&�.g
=i��;
��+wA1
+w, ETg
=[x�Naip��i�B\�,�WH.
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2.2. R��O5`>0V\j�On�E/l+�, uC�}Hwn%h}�=�[�|yl+, g�ig
=;
�)Z}�MB�y, wssp?�!~Hwi�g�&. �6� 2.1 �PKgei&�[g
=�(�g, S':%;yl�F{&l+7A�XS�D=|u|, W�d�+C�j$|, J�<8�&. uTng�&�>g
=h(PKiWM�]J.M�g
=��;(/
+wn{[l+7A�i�g�&, `)�c�}JPi�&�Gov{+w - g��jig
=Z�, -+w}�H'�c�&)�. �g
=iT	3�g
=�g�&/
i2v, �{]J.MWW=QQ�>S
`�iPK����g
=�(��.n!S q &g
r, }�=i,M���u n (, PKc$*!0u

min(|∆j |) j = 1, 2, · · · , n (2.7)/� ∆j 3}�=,Mep j ('l+rPi)Z�&i"��, eCdwh{.

3. S
�<zEM���FE@Xe
QFE
3.1. R� GA K FEM >Vc�OsTm;=QQ� (genetic algorithms, GA)3cm#�n#ÆN��i=Q>�K7A�&?i;�#4G��PK�RNWQ�. Y	^�!i}_�?��
YV&�
Y (WE), � WE(?;&��`, ;yEBi&`(?
`. =QQ�:�UY9#� I.
`, 8Mh�9E/p4G~9E, )�4G~9EcQ&`4G~, �"4G~i&`�=Qe�;\
`�i�R�Z, f7k~��Dk=Q1,9#�KCi�;\
`, �TÆ�1,, %��*P����K, �
Tg}_)P�. =QQ�%2�!c�Bhh�9E�qi9E2�, *Ah'PK�&!c�B, #%+9��#�V���+, ET4@��[S
/9E, ��[ig�&�>g
=PK}_. s +w�g�&>l+�&3�_Æ�w�gPKi�9h�9E, ;
�2�, +w<=�2���k, ~�-M-E=/�t./��, f:
�W��??iS
`� (finite element method, FEM) ��.WW GA > FEM i�5PKcLA�m 2 X0, W+wc$�T	!c>+C#�, z;S
`q$c$, R}�c$cQJ�G}�MB�i}�=, )�+w�g\r%l�	dw>l=, 8MS
`��cQ+w�&, f7=QQ�1�)Pi&�, n)P&�WM�m1�PKi�g
=.

n 2 XX GA ? FEM jh�QL"dMB
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3.2. GA �>8xsA
1) �Yg�PK�A(�(, !c�B%;7, ��`;~:%;7. g�&�>g
=h(PK', Ayxx��g
x��g
=Z�,uWE, 9�: Lx1Ly1Lz1Lx2Ly2Lz2Lx3Ly3Lz3

Fx1Fy1Fz1Fx2Fy2Fz2f1f2 (Lx1Ly1Lz1 kuyxr-�, Fx1Fy1Fz1 kug
r-�, f1f2 ug
=Z�), &�PK'	g
=b,WE,�93'Peg
=[g�&��qi/@*;�g
=PK'APKi&�uWM, Ag
=Z�,uWE, � f1f2f3.

2) 4G~�90E4G~�90E3	4G~9E�Ri4G~��Pu4@.q9Ei�. RW�&Z�i�7*, �{.MoF��, `)�&`4G~�ioFI-5CB&`iPG, )�&`ioFI-�Z;y�ti4G~�.

3) =Q1,.qQ": .M)i�K.q>�8)�i~R�/YEUY.q��, *A�@~R�/UY.q�>Tp}.q�iPr, ��4G~�s#4G~Zi;�&`l0�=Qe�;\
`�, �V%$UY*.~7Q": RW\&yxrieC�t%h, XA.M�#hQ@~7, RA&&`i�*(@9#J"i&`.�DQ": .M�#h�D���bSWE�+;UY�{, A�{Ei�6,u�DEi"WE�.

4) Q�/
0EuC����=QQ�iov8@>EvNWG�i�2, �{.M#4G=QQ�. #4GQ���~7>�DQ"�v-M,|�K7AJ�uy�>l�A&%hi��,y���|~7, ��D; l����~7, |�D. b)i&`�F%�iw\&EYe.�',	#��i�K.

5) eCdwiP7uCl1PK7A, n9#I.
`, A^jM~79E�l�9E'|9�&`iI.S�*, `�Nrn(yiyxa>g
aS��tk, g
=iZ�nx	��tk. �%�@eCdwi&`.	C
9Ei��, �ZBZi�&�. n9#I.
`A^~7>�D1,'|9�9#i&`Z'yx�g
*(^eC.

3.3. GA �>v�Br[.M=QQ��(�5PKc$��', 4G~� (+w�&) i��.MS
`�. S
`�xc$z;', �9'PA�}_:

1) �N}_iP7Æ�w - g��j�Nc$�9.Ma*~�Nc$�Se+�a*�Nc$>Se+a*�Nc$. a*~�Nc$iz;��r_, 	+ue�Gi�N�r, |x#R~1y`*.a*�Nc$.M�&�GS�iaQcmyx`w, R;&��=>A&3+w}�iaQcmg
`w. n%l�	dw', ���NaQig�?��i�&#R~|1y,}��NaQig�?��iA&3+w}�i#R~1y. �N!~3�N=i9E, RW�N=Up=��K, ET�N!~:%3y�, {�.M)��@�m@�KiaQ!



6 F�dR\dRZHN 2009 n~, �Lge;&1y�. �6�Nr%Xnq$�r�, r+|aQk�e�Nx��ti�&�r�.

2) }�=i%l}�=3;&a=, ,Mn+w - c�i�N�a�, nS
`���, uCl*��o`�}�=>}L-E�qi2�, |}��i�c>l+ai�NarKuZ�a, |}�=#h,MWZ�a�i^}�ai�r�. }�=)�l+N��(%l, R+2cm.

3) } iP7�Wl+7A�i} ,��'P: +wYBZ', 'Pl+{E+w!~i�K, .ql+{i+w,uzc��; +wYBB�', %'Pl+{E+w&�i�K, .ql+Egei+w,uzc��. u'P} iJ�, nzc'Gz;�Gi_`, n��'8M#K_`a@)�
L} icm.

4. 
QuiH}
4.1. Vc5`KV\jCp2�Om 3 ugÆ��oHw, l++-u�.. .M 3-2-1 yx�/, na.M�D�yx, E3a>U3a�".M 2 &�Dx> 1 &�Dxyx. n[na��iA&a�%l 4 &�>ig
= F3, F4, F5 > F6, us l+7A�}�=Fzil+�&, n+w8*%l�>��g
= F1 > F2. +w-EuO@�, 66cB E=71GPa,$M� υ=0.3. ��l+',)Z}�=u 162.3N, )Z��=u 137.9N, l+7AR 36 &+2cm, \&+2�=Z��h. uCl1jQP~, A��g
= F2 ix�>Z�uPK0E (F1 �>), FSxYyx>g
x�, h�9Eu/ (2.1) >/ (2.2). !y
`3cu 20, w\UEu 70, k~�Ru 0.8, I.�D�Ru 0.2,��dwu)i4G~%�i\EYe 20. b)i4G~eÆ�K 6 \'��k~>�D�R, �"u 0.3 > 0.6. �+w�h�PK7A�m 4 >m 5 X0.

(a) ,x (b) TÆar%d%n 3 ���pIx�h_yr%d%



1 w =w� l: XX GA ? FEM jh�'�?�hÆ>QL"d 7

n 4 �pIx]]j5H�*j� n 5 �pIx]]j5H�t$��g)ii4G~�u 44.458µm, �Gi'!c�Bu! 1, x� C2 !0 F2 ix�.4 1 Dq3	PN?Wd6a�W]kLq3Jy�
R/mm θ/� Z/mm

C2 25 -141.988 15.195

F2/N 31.550

∆max/µm 36.023

σ/µm 8.435�v�4!cbr, !cg�&�>g
=, '!c�B�! 2 X0.�BA���geil+ai�&�&�m 6, *A&J�h�PKgei�&�&PW�4��. h�4!c��, �h�PK��gei)Z�&�}mC 22.6%, �&�&#h~]"C 22.1%, X+)Zg
=��4!cg
=}mC 93.7%.4 2 _�tU?Wd6a�W]kLq3Jy�
R/mm θ/� Z/mm

C2 25 -145 45

F2/N 500

∆max/µm 46.544

σ/µm 10.834

n 6 m,�'�'n
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4.2. R��O5`>g0V\j�O�Am 3 iÆ��oHwu9�(Jb, A! 1 �iPK&�,u@�&�, A��g
= F1 > F2 iZ�,uPK0E, h�9Eu/ (2.7). !
`3cu 20, w\UEu 100,k~�Ru 0.8, I.�D�Ru 0.2, ��dwu)i4G~%�i\EYe 30. b)i4G~eÆ�K 6 \'��k~>�D�Ru 0.3 > 0.6. m 7 u��gei�g
=m.uC��.M�g
=i�6, m 8 (JC�4!c��h�PK (g�&�PK) >�g
=���2�l+�&�&m, &i�23%l�g
=Egei�&*��#h~*". RW=QQ�S;yiUY*, �g
=[&�S/@*, XA%l�g
=E, ng�l+x�i�&ZW�h�PKEi�G�&�. n)fGM�*A	�h�>�g
=�i)P�, LA�m 9 X0, �m�nl+x� 6 
 13 'g
=Z�*A	�h�PK�6
F1 = F2=31.550N.

n 7 �hÆ>[�n n 8 ���3��'�'j��
n 9 �hÆ>>K

5. ZwÆy��_Æ�w�g�&}_, z;Cg�&�PK�WWPK&�i�g
=PK�5PKc$, .M=QQ�>S
`����@i��, ��C�PKc$. A�o+wu9,�(C&�PK>�g
=PK, 4}C�h�&�PK[�4!c����, l0S�s l+�&, ]"�&�&i#h*; WWPK&�i�g
=PK*A�;(s �g�&,u�_Æ�w�g�&/
]-;�"i��.
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