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ABSTRACT—In fixture design optimization problems, most of the researchers have used 3-2-1
locating principle. Only few researchers addressed the optimization of the number and positions
of fixture elements where the initial layout of the locators is determined first, then the number
and positions of the locators are optimized based on the initial layout For locating correctness,
the minimum number of fixture elements required and the optimum number of locators are
determined. The optimization of the number of fixturing elements towards minimum workpiece
elastic deformation is rarely considered in the literature. In this chapter, a fixture layout
optimization method is presented with optimum number of fixture elements towards minimum
workpiece deformation.

1.INTRODUCTION

1.1 METHODOLOGY The methodology
for the number of fixture elements and
layout optimization is given in Figure 1.1.
Initially, the number of locators and clamps
are fixed randomly to hold the workpiece for
the selected machining process. Then the
numbers of locators and clamps are varied
and the corresponding workpiece
deformation  values are found for
allworkpiece-fixture  configurations by
ANSYS. The optimum number of fixture
elements is the one which gives minimum
workpiece deformation and with the
optimum number of elements, position of
fixture elements is optimized by using
genetic algorithm,

Selection of workplece and machining parameters
3
Selection of workpiece-fixture configuration

with 3.2.1

. 3
Randomly adding the number of {ixtare elements
with 3.2-1

»
Determining the deformation values for all fixture
Confagurations
*

Fixing optimal ramber of fixture elemenns

Farmulation of objective function for fixtare layout
oprimization using GA

Optimum fixoere layout by GA

Figwre 1.1 Methodelogy fer mumber and positions of

fixture clements aptimization

1.2 ILLUSTRATION OF NUMBER OF
FIXTURE ELEMENTS
OPTIMIZATION The workpiece-fixture
configuration for the end milling operation
is taken as a case study to illustrate the
number of fixture elements optimization.
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1.2.1 Parameters Involved

The parameters influencing the deformation
of the workpiece during machining are
material of the workpiece, machining forces,
clamping forces, number of fixture elements
and positions of fixture elements. In this
chapter, the fixture layout optimization
method is presented with optimum number
of fixture elements towards minimum
workpiece  deformation  to reduce
dimensional and form errors in the
components. So the number and positions of
fixture elements are considered as variables
and the remaining parameters are taken as
constants. In the number of fixture elements
optimization problem, along with 3-2-1
locating scheme 3-2-2 and 3-3-1 locating
schemes are used and the number of clamps
is also varied. Based on the comparison of
workpiece  deformation, the optimum
number of fixture elements is selected for
minimum workpiece deformation.

1.2.2 3-2-1 Locating Scheme Theoptimum

www.ijiemr.org

1.2.3 3-2-2 Locating Scheme

The3-2-2 locating scheme configuration
shown in Figure 1.2 is arrived by adding one
more locator along X axis with the 3-2-1
workpiece-fixture configuration. Then the
position of the newly added locator is varied
and  the corresponding  workpiece
deformations are determined by FEM
software ANSYS. The positions for the
remaining fixture elements are kept as same
given by the optimum layout of GA-ANN
approach. By comparing all the deformation
values, the layout which gives the minimum
deformation value is taken as better layout
of 3-2-2. Table 1.2 shows the positions of
fixture elements. The position of L7 varies
along the X direction. In the fixture layourt,
seven locators and three clamps are used to
constrain the workpiece

38 Imm

layout for the workpiece-fixture o & m N
- - - - - / 4 T *
configuration using 3-2-1 fixturing scheme )
given by the GAANN approach is T
ConS|dered for this number Of flxture E:f:::,g :c.}l‘cn::’orkpiccc-ﬁx(urc configuration with 3-2-2
elements optimization problem. Table 8.1
shows optimal positions of fixture elements :l“'“" :°’“‘°" °’"““:f °""‘°““""“‘;
ements
given by the GA-ANN approach using 3-2-1 ” . wes | o
locati ng scheme. L, 0 1905 | 336
Ly 197 1905 | e
Table 1.1 Optimal position of fixture elements using 3-2-1 L-‘ 120.6 0 . 14.94
s S Ls 79.0 0 112.06
:;::-::ch :mlllon of ﬂl!ll"f rlemfnu un:) Lj V “192 “Q ¢ | ;6}-5
r = 120 e — Ly 58.5 to 127 0 63.5
& 107 005 o_ ci 114.3 1905 | 127
L ‘on C2 127 19.05 29.8
7 182 2 Cs 39.5 38.1 | 635
=
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The wvarious positions of the newly
introduced  locator L7 and their
corresponding  deformation values are

tabulated in Table 1.3. Then by comparing
all the deformation values, the layout which
gives the minimum deformation value is
taken as better layout of 3-2-2. The graph in
Figure 1.3 shows that workpiece
deformation is minimum when the position
of newly added locator L7 is at 92.5 mm
along X axis and the corresponding
deformation is shown in Figure 1.4.

Table 1.3 Fixture layouts for 3-2-2 locating scheme

Position of fixture elements along particular axis (mm)| ..

Layout

L1

L2

Ly

L4

Ls

Ly

C |C2

Ci

(mm)

97.1

33.6

19.7

120.6

19.7]

59.2

11431298

39.5

0.0912

97.1

33.6

19.7]120.6 | 79.

69.

11431298

395

0.0657

97.1

336

19.71120.6 | 79.

| 79.0

114.3|29.8

39.5

0.0654

97.1

336

19.7]120.6 | 79.

|

| 89.8

114.3 1298

39.5

0.0654

1133.6

19.71120.6 | 79,

| 92.5

11431298

39.5

0.0653

.1133.6

19.71120.6 |7

| 96.

11431298

39.5

0.0654

1133.6

13356

19.7

120.6

1206

79.0

79.0

19.7]

19.7]

99.7

103.4

11431298

395

0.0655

114.3 1298

39.5

0.0657

.1|133.6

120.6

79.0

19.7|

107.6

11431298

39.5

0.0658

.1{33.6

120.6

9.0

19.7]

110.6

1143298

395

0.0659

Deformation

vs Position of I, in

3-

2-2 layout
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1.2.4 3-3-1 Locating Scheme

In 3-2-1 workpiece-fixture configuration,
one more locator is added along Z axis and
3-3-1 locating scheme configuration is
obtained as shown in Figure 1.5. By keeping
the positions of other fixture elements as the
same given by the optimum layout of GA-
ANN approach, the positionof the newly
added locator is varied and the
corresponding workpiece deformations are
determined by ANSYS. Then by comparing
all the deformation values, the layout that
gives the minimum deformation value is
taken as better layout of 3-3-1.

v
X 3 i 3
a s % e A Law
SR
C A L
1. y j 5] 138 L
i ( ~
;”\\ 2] ‘if: v~
G i X
e 5 T U e
3 ,{/{,” he
~ F
Figure 1.5 Workpiece-fixture configuration with 3-3-1

locating scheme

0.1
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0.08S

008
0.07s
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Position of L-

Delormation in mm

along X axis in mun

Figure 1.3 Position of locator L7 vs Workpiece deformation

Figure 1.4 Workpiece deformations for better layout of 3-2-2
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Fixture Position of fixture elements (mm)
Elements X Y z
L
i 0 19.05 97.1
L2 0 19.05 336
L
] 19.7 19.05 0
L4 120.6 0 14.94
Ls 79.0 0 112.06
L( 19.7 0 63.5
Ly 0 19.05 40 to 80
L 1143 19.05 127
Ca 127 19.05 29.8
L.x 39.5 38.1 63.5
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The position of fixturing elements in 3-3-1
locating scheme and workpiece deformation
values for various positions of the locator L7
are tabulated in Table 1.4 and 1.5. After
comparing all the deformation values, the
layout which gives the minimum
deformation value is taken as better layout
of 3-3-1. Figure 1.6 shows that workpiece
deformation is minimum when the position
of newly added locator L7 is at 74.7 mm
along Z axis and the corresponding
workpiece deformation is shown in Figure
1.7.

Table 1.5 Fixture layouts for 3-3-1 locating scheme

Position of fixture elements along particular axls (mm) l,---

Layout | — (mm)
Ly | Ly |Ly | Ly |Ls | Ly [Le [ €y [Cy | Cy

I 1971 [33.6(197|120.6[79.019.7 [41.0(114.3]298 |39.5[0.0661

2 97.1|33.6|19.7|120.6|79.0|19.7 |44.8 |114.3|29.8 |39.5|0.0658

3 STL|336[197(1206 (790197 (455 |114.3|29.8 |39.5]0.0650

Kl 97.1|33.6|19.7|120.679.0| 19.7 | 52.2 |1 14.3|29.5 39.5|0.0654
‘

3 OTL|3X6[197 (1206 (790197 |$6.7|114.5|29.8 |39.5(0.0654

6 |97.1(33.6/19.7|120.6[79.0 | 19.7 |60.9|114.3|29.8 |39.5 [0.0649

T 1970 [33.6(197[1206{79.0[19.7 (65, 1[114.3[29.8 [39.5(0.0645

8 1071 |36[197[1206]790[19.7 [69.9[114.3]29.8 [39.5(0.0642

9 1973361971206 79.0(19.7 (74T [114.5(29.8 (39.5(0.064]

10 |97.1(33.6(19.7(120.6(79.0(19.7 [785.4|114.3(29.8 (39.5(0.0645

Deformation vs Position of L, in 3-3-1 layout

0.0664
0.0661
0.0658 \.
0.0655
’
00652 \F\\ /

0.0649 e f
0.0646 A\

0.0643 \j

0.064
70 80 90 100 110 120

Position of L, along Z axis in mm

Deformation in mm

Figure 1.6 Position of locator Ly in 3-3-1 layout vs workpiece
deformation
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Figure 1.7 Workpiece deformations for the better layout of
3-3-1 configuration

1.2.5 Number of clamps on 3-2-2 Scheme
To optimize the number of clamps, one
more clamp is added with 3-2-2 locating
scheme and the position of newly added
clamp is varied along the X axis to
determine the deformation of the workpiece.
In Figure 1.8, C4 is the newly added clamp
and it takes half of the clamping force CF 1.
Table 1.6 shows positions of fixture
elements and clamping forces. Table 1.7
presents the various clamping positions of
newly added clamp C4 and their
corresponding deformation values of the
workpiece. Graph in Figure 1.9 shows that
workpiece deformation is minimum when
the position of newly added clamp C4 is at
59.26 mm along X axis and the workpiece
deformations for the selected layout are
shown in Figure 1.10.

4 381mm

€ B AN
> T = o 4
R

./7,7,/”

Figure 1.8 Work-fixture configuration of 3-2-1 layout
withadditional clamp
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Fixture Position of Fixture Elements (mm)
Elements X Y z

Lt 0 19.08 97.1

L 0 19.05 336

L 19.7 19.05 0

La 120.6 0 14.94

L:M _79.0 ! o i 112.06

L 19.7 0 63.5

L1 925 19.05 0 ul‘-.- v 274687 e GIEIE] ke e P _-.-... Caas

c 1143 19.05 127

57 1565 e Figure 1.10 Workpiece deformation for the better layout of 3-
= 396 I s PR 2-2 configuration with additionalclamp
Cy 010 100 19.05 127 . .
CFi=3692SN | CFi=3411N | CF3=10268N | CTy=369.25N 1.2.6 Number if Clamps on 3-3-1 Figure

1.1%illustrates the clamp added 3-3-1
locating scheme, where one more clamp C4
is added with 3-3-1 locating scheme taking

Table 1.7 Fixture layouts for 3-2-2 configuration with
additional clamp

o alimes hmonie slng pariiomion wxi fmm) l',:',;;, half of the clamping force Cf 2.The position
e e of newly added clamp is varied on Z axis to
97.1 33.6[19.711206|19.0 [19.7] 69.1 [114.3 29.8 [ 39.5 [29.63/0.0653 determine the deformatlt?rT of the WOI.'kple.CE.
97.1 [33.6[19.7120.6[19.0[19.7] 69.1 [114.3] 20.8 | 39.5 [39.59[0.0653 Table 1.8 shows positions of fixturing
97.1 [13.6[19.7(120.6/79.0[19.7] 69.1 [114.3] 29.8 | 39.5 [¢9.350.0653 elements and clamping forces with clamp
570 (176|197 [1106 {90 | 193] 6.1 [1143] 298 | 393 (592600633 added 3-3-1 locating scheme.Table 1.9 and
97.1 [33.6(19.7/120.679.0 |19.7 69.1 [114.3[29.8 | 39.5 ;’69.‘.4 0.0654 Figure 1.12 show the various positions of
97.1 (33.6(19.7(120.6{79.0 |19.7| 69.1 [114.3| 29.8 | 39.5 |79.02(0.0653 newly added C|amp and their Corresponding
197.1 [33.6/19.7(120.6|19.0 |19.7| 65.1 [114.3| 29.8 | 39.5 | $9.9 [0.0653 deformation values of the workpiece. The
7.1 [33.6[19.7(120.6[79.0 [19.7] 69.1 [1143] 29.8 | 395 [02.52]0.0653 minimum deformation of 3-3-1 scheme with
o7.1 (3361971206190 197/ 69.1 [1143]29.8 305 [96.1510.0633 four clamps is displayed in Figure 1.13.

g e = =

Deformation vs Position of C, in 3-2-2 layout ~
L= =
006535 h
P, i
0.0655 + £ 38 Imm
E \ Z< = = S
£ 0.06545 ‘l « .‘ = '_\:7\\\\‘,
\
= » \ S s
2 00654 \ , = =
- /.\ Figure 1.11 Workpiece-fixture configuration of 3-3-1 layout
:f 0 ﬂ( o ,i \ / \ with additional clamp
N3
'E \ / \‘ Table 1.8 Position of fixturingelements with additional clamp
2 00653 At e
0.06525
0 20 40 60 80 100
Position of C4 along X axis in mm

Figure 1.9 Position of clamp Csin 3-2-2 layout vs workpiece
deformation
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Table 1.9 Fixture layouts for 3-3-1 configuration with
additional clamp

Position of fixture elements along particular axis (mm) D

Li| L |||t k| |al|c|cla (mm)

7.1 33.6 |19.7[120.6/79.0 {19.7/112.0[114.3 | 29.8 | 39.5 |56.02{0.0641

7.1 33.6 |19.7]120.679.0 [19.7]112.0(114.3 | 29.8 | 39.5 {59.74/0.0641 |

7.1( 33,6 [19.7(120.6[79.0 [19.7}112.0[114.3 [ 29.8 | 39.5 | 63.5 [0.0641]

7.0[ 336 [197(120.6{79.0 [19.7]112.0{114.3| 29.8 | 39.5 167.23(0.0641

7.0 336 |19.7(120.6{79.0 19.7{112.0[114.3 29.8 1 39.5 171.13(0.0641 |
| | |

7.0] 336 [19.71120.6|79.0 (19.7]112.0]114.3 29813&5 75.02{0.0641]

3 - =3 = <= = o
o o o » e =

700336 19.7(120.679.0 |19.7]112.0{114.3 2‘)8;395 78.9110.0642]

7.0 33,6 [19.7(120.6(75.0 [19.7{112.0114.3 298‘;395 §2.78/0.0642

- . | N —— + | IS Rie—
7.0 33,6 |19.7]120.6|79.0 [19.7{112.0|114.3 | 29.8 | 39.5 186.52/0.0642

=)

o
3

! | | ! {
9701 33.6 [19.7(120.679.0 (19.7{112.0(114.3 | 29.8 | 39.5 190.37/0.0642]

Deformation vs Position of C, in 3-3-1 layout
0.06422

0.0642 F~—t—s
006418 /
006416 - /
0.06414 !
0.06412 f

0.0641
0.06408

Deformation in mm

50 60 70 80 90 100
Position of C along Z axis in mm

Figure 1.12 Position of clamp Csin 3-3-1 layout vs workpiece
deformation

Figure 1.13 Workpiece deformation for the better layout of 3-
3-1 configuration with additional clamp

Selection of Optimal Number of Fixture
Elements Theoptimal number of fixture

www.ijiemr.org

elements is fixed by comparing the
deformation values of all fixturing schemes
and is shown in Table 1.10. The 3-3-1
locating scheme gives the minimum
deformation compared to 3-2-2 scheme. The
influence of addition of clamps on
workpiece deformation is not significant as
shown in Table 1.10

Table 1.10 Comparison of deformation values

$.No. | Locating schemes Maximum Deformation (mm)
1 3-2-2 0.06537
2 3-3-1 0.06417
3 3-2-2 Clamp added 0.06536
4 3.3-1 Clamp added 0.06426

1.3 ILLUSTATION OF FIXTURE
LAYOUT OPTIMIZATION BY GA
WITH OPTIMUM NUMBER OF
FIXTURE ELEMENTS Basedon
workpiece deformation, 3-3-1 locating
scheme is selected as optimal one for the
considered workpiece-fixture system and the
optimal fixture configuration has seven
locators and three clamps. eln this section,
GA based optimization is presented for the
optimal positions of seven locators and three
clamps.

1.3.1 Objective Function of GA

The minimization of moment is the basic
objective so as to minimize the workpiece
deformation. So ten sets of moment
equations are formulated to obtain the
moment values at locator and clamp contact
points as given in Equations (1.1) to
(1.10).These equations are framed with the
basic rule that the moment equals the
product of force and the distance from
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which it is applied. The moment about
locator L1 due to machining, clamping and
reaction forces at locator contact points is
described in Equation (1.1) by multiplying
the force values with the corresponding
perpendicular distances with respect to
locator position L1.Similarly Equations (1.2)
to (1.10) are developed to calculate
moments about other six locators and three
clamps.The following equations are given as
inputs in the form of program to the
MATLAB software and the new set of
layouts and moment values are obtained.The
crossover and mutation probabilities quoted
in the Section 7.4 are used during the
MATLAB software programming.

Number of iteration (Nmax): 150 Population
size (Ps) : 30

Crossover probability (Pc) : 60% Mutation
probability (Pm) : 4%

21, 22 Ra)- XLy - XLiR|
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Hzu-zerd-fen: -2u ) . e A .
.[(“, X1 ~‘R']- IM; XL+ Ra]‘ Position of fixture elements along particular axis (mm) Moment
fzL: - ZLaR o fixLs - XL Rs) | Ly Lts (A0 | Dot bes) delin ] B | 61 G o)
l K)ok e 126 530 (220 [1075]558 [90.25|11.6] 23.0 |27.1 [59.2] 1.5754
L ~ZLa ) o WXL XL: 10.5 | 166 |202 | 760 |27.5 [109.3|78.5] 299 [312
ML L afL 2L R )4fxC X ]| (n : =
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txr -XLs Fyl-Ker 2L k)

Table 1.12 Optimum layout with 3-3-1 locators
el < XL e |

Position of fixture elements along particular axis (mm) u:..

L (Ll Ll w|uh|lala|c| e
104 5§§ 33.6 19.7 120.06] 79.0 49.39 70.7% !l43f29.8|£\.‘.,$ 0.038894
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[IZ(‘; 24 IR.] IIX(; XLs Re I Figure 1.14 Workpiece deformations for the optimum layout

MG =) - Kxe: - XL R+ ze; - 200085 ) | (19) with 3-3-1 locating scheme
e xce Jifxe -xe cf])
K2ze -2 Jrd+ xca =X by | Figurel.14 shows the diagrammatical
Wz zo w-bo k] 1 representation ~ of  the  workpiece

deformations for the 3-3-1 optimum layout.
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e2Cs - ZLa)Ra )+ KXLs ~XC3 s deformation of 0.038894 mm, which shows
s vgezu -ZCsJRs)- [KLe - XCi)Re] i 9.9% of_ reduction in \_/vorkplece e_Iastlc
= ke - zLR 2o - zuv] ' deformation compared with the maximum

o deformation of 3-2-1 optimum layout.

s XC B I+ 2 -zei by |

X ‘XO,F/i : 1.4 FINETUNING OF 3-3-1 OPTIMUM
LAYOUT Thefollowing graphs in Figures
Afterl50 iterations, fixture layouts for 1.15(a) to 1.15(j) demonstrate the variations
minimum moment values are selected. The of deformation values for various positions
layouts for minimum moment values are of locators and clamps and the new
shown in Table 1.11. Table 1.12 shows the coordinate values of fixture elements are
optimal layout obtained from GA for selected for least workpiece deformation. As
minimum deformation of the workpiece the locator L7 was inserted between locators
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L1 and L2, the finetuning of locator L7 is
considered after the positioning refinement
of locators L1 and L2. Here, the position of
locator L5 has more influence on
minimizing workpiece deformation than
other fixture elements. Table 1.13 presents
the refined optimum layout of 3-3-
lconfiguration.  Figure  1.16  shows
workpiece deformations for the refined
optimum layout after finetuning and it
reports that the maximum deformation is
0.035932 mm. This shows 7.6% reduction in
maximum workpiece deformation compared
to deformation of optimum layout before
finetuning.
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Figure 1.15(a) Position of Locator L, Vs Workpicce
deformation
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deformation
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Table 1.13 Refined optimum layout with 3-3-1 lecators

o
Position of fixture elements along particular axis (mm) —
Ly B L Ly Ll Iy € G Cy o

S RTUAR OO J T30 §8 50 968 17T 95 78 3613 2P 63 04033052

\!

Figure 1.16 Workpiece deformations for the refined optimum
layout with 3-3-1 locating scheme
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CONCLUSION

MinimizingCompared with 3-2-1 locating
scheme 7.4% of reduction in workpiece
elastic deformation is achieved by using 3-3-
1 locating scheme for the considered
workpiece-fixture system. So the
dimensional and form errors of the
workpiece can be reduced more with 3-3-1
scheme than with 3-2-1 locating scheme. As
3-3-1 locating scheme is more suitable than
3-2-1 locating scheme for constraining the
movement of prismatic components while
machining, more accurate components can
be achieved by using the 3-3-1 locating
scheme.
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