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Abstract: Problem statement: Current world market force the manufacturing sexto develop high
quality product and process design with minimumsgide cost. About 80% of problems in production
units may be attributed to 20% of design toleraoaases. While design typically represents the
smallest actual cost elements in products (aroy 8§ leverages the largest cost influence (around
70%). So design engineers continuously stumble ypoblem of design for high quality performance
with lower cost. Objectives of this study where 1@ simultaneous selection of design and
manufacturing tolerance (ii) minimization of totdst (sum of the manufacturing cost and Taguchi’'s
asymmetric quality cost) (iii) minimum cost and itechining toleranceApproach: Rotor key base
assembly was considered as case study to optirhzeminimization of assembly total cost and
machining tolerance. New global nonlinear optimaattechniques called pattern search algorithm
had been implemented to find optimal tolerancecaliion and total cost.Results: In this study
minimum cost arrived was 45.15 Cr and its corredpantolerances for machining process turning,
drilling, face milling, face milling and drillingvhere 0.063, 0.0508, 0.2127, 0.2127, 0.2540 mm
respectively at worst case conditiof3onclusion: Results indicated that optimization by integer
programming, sequential quadratic programming axidhestive search, nonlinear programming,
genetic algorithm, simulated annealing, fuzzy logiamber set theory and Monte Carlo simulation
did not give much least total cost and also predicthat pattern search algorithm was robust
method. Second the method, generally termed asucart tolerance synthesis was well suited for
engineering environment, where high quality produaiith low total cost were designed and
manufactured.
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INTRODUCTION research has shown that robust design practiceleadn
Tolerance is defined as the system of specifyingo low cost, improvements in quality, manufactuliapi
the extent of permissible variations (or) In otherds  and reliability. Taguchi’s introduction of robus¢sign
the amount of variation permitted for the basiesig resulted in significant improvements in the
called tolerance. It can specify in to three ways:manufacturing processes and product quality of reéve
Bilateral, Unilateral and Unbalanced. Bilateral major American industrial firnf.
tolerances are most common in industry, but mock an At present, the assignment of design tolerances is
more product designs are using unbalancegerformed largely on a trial and error basis udimg
tolerance$”. tolerance analysisnethod. Several key tolerances are
In general, losses will be much grater than thet co specified based upon the given design requirements.
of manufacture and none of the expense will neciégsa Other tolerances are determined by a designer l@ased
recoup the loss of the company reputation. Quaity  his/her design experience and manufacturing knayeed
virtue of design. The “robustness” of products mrena  or assigned with default values. To change this
function of good design than of on-line control; undesirable situation in tolerance assignment and t
however it is a stringent, manufacturing procesdeéd accomplish the two objectives of tolerance design,
though not nearly so obvious an inherent lack oftolerance synthesifor tolerance optimization, optimal
robustness in product design is the primary driver tolerance design) has been stufileth this article, they
superfluous manufacturing expenses. Furthermordntroduce a systematic design framework for process
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quality that embeds Taguchi’'s method and othemanufacturing and quality related costs. These ifBode
robustness criteria  within a stochastic optimizatio include the cases of the ‘nominal-the-best’, the
formulation. ‘smaller-the-better’, the ‘larger-the better’ and
‘asymmetric loss function’. The process capability
Literature review: The allocation of the dimensional index is applied to build the functional relatiosh
tolerances to a product highly affects their qyadihd  between the product variability and product tolesan
manufacturing cost. In most cases, tighter tolezanc Based on this relationship, the total cost of eacilel
realize smaller variations in the product perforoem can be expressed as a function of product tolerance
and hence higher quality. On the other hand, tightefrom which the optimal tolerance can be determined.
tolerances require precision machine tools andnofte Huand has presented a robust optimization method
longer process time, hence causing higher productioin a concurrent tolerance environment. This mettem
cost®. Since tolerances of some dimensions affect theletermine multiple correlated critical tolerancesd a
quality and cost more than the other, it is desirdb  directly allocate them to process tolerances bygusi
allocate tight tolerances only to the dimensionat th component process plans. In a concurrent enviromen
have high influences to the quality, to attain atirnal  the product tolerance design and process toleidesign
balance between the quality and t can be integrated into one stage. Tolerance ddsgn
Tolerance design is a very important issue inbeen extended directly from the product designh® t
product development. Conventionally tolerance desig manufacturing stage. The necessity of redesign and
is carried out in two steps, CAD and CAPP, in arework between product tolerance design and process
sequential manner. The approach suffers from skverglerance design has been eliminated, increasieg th
drawbacks such as more time consumption, sulgesign efficiency. In a conventional tolerance giesthe
optimality and an unhealthy working atmosphere. Tooptimal model is established for two separate stagel

overcome the drawbacks of this approach, an attemphe optimum solutions are for different stagesrimitfor
was made at the simultaneous selection of optimahe entire product design process.

design and manufacturing tolerances. The methogolog
was demonstrated with the help of a simple lineaTolerance and quality loss function: Quality loss
assembly considering different tolerance stack-ugunction is a quadratic expression estimating it of
conditions. Apart from the traditional worst caseda the average then comparing it to the customer ifilecht
RSS criteria, two non-traditional approaches, $pott target values and the variability of the product
modified and Greenwood and Chase’s estimated meatharacteristic in term, of monetary loss due todpmd
shift stack-up conditions were exploféd**%! failure. There is very important concept of quality

Dimitrellou™ presented a method for the automaticengineering inherent in the loss function. In treial
establishment and processing of machine shop ar@ractice of manufacturing quality control the proeu
application specific cost-tolerance functions fdret specifies a mean value of the performance chaistiter
cost-optimum allocation of tolerances. The methad ¢ and the tolerance interval around that value. itis
be readily integrated into a CAD environment andfunction as a definition of quality the emphasisois
overcomes existing inefficiencies of other systefitse ~ achieving the target value of the performance
introduced tolerance elements are geometric, genericharacteristic and deviations from the target vahe
machining process related and straightforwardlydreater the quality |0§§]_-
identifiable in conformance with the existing inttied Types of loss function expressed as:
understanding. .

A methof:iJ of synthesizing tolerances concurrentIyNormal'the'beSt Is the:
for both manufacturing cost and quality with pasiti A ,
control in assembly has been presefftedhe method, -0) =z (y~=m) 1)
generally termed as concurrent tolerance synthissis
well suited for engineering environment, where highSmaller-the-better is the:
quality products with low total cost are designed! a
manufactured. An integrated optimization model was| y):iyz 2)
presented to use the manufacturing and quality loss n*
costs as the objective function and use proces
capability indices and quality loss constant toveaghe
quality to a customer desired level. ( 1 ]

Earger-the—better is the:

Jean§! discusses a set of models which determineL(y) =AA? (3)
optimal product tolerance and minimize combined

629

¥



Am. J. Engg. & Applied i, 2 (4): 628-634, 2009

In some situations, the quality loss resultingrfro With Mesh Adaptive Search Algorithm (MADS),
deviation of quality characteristics in one direntis the collections of vectors that form the pattere ar
greater than the deviation in the other direction. randomly selected by the algorithm. Depending an th

poll method choice, the number of vectors seleutid
The asymmetric quality loss function: be 2N or N+1. As in GPS, 2N vectors consist of N
vectors and their N negatives, while N+1.
L(y) =K,(y -m)?y >m Vectors consist of N vectors and one that is the

(4) i
L(y) =K (y -m)%y <m negative of the sum of the others.

P h algorith introduction: P Meshes: At each step, the pattern search algorithm
attern search algorithms-an introduction: Pattern ¢, hes a set of points, called a mesh, for a fu

search methods belong to a class of Optimizatiori‘mproves the objective function. The GPS and MADS
methods and a subclass of direct search algorithiriss.

. X . . algorithms form the mesh by:
an evolutionary technique that is suitable to sadve g y
variety of optimization problems that lie outsideet « Generating a set of vectors)(ty multiplying each

scope of the standard optimization methods it viigs f pattern vector vby a scalan,. A, is called the
introduced and analyzed by Torc¥8h for mesh size

unconstrained problems and extended by Lewis and Adding the (¢) to the current point-the point with
Torczon to problems with bound constraifftsand a the best objective function value found at the
finite number of linear constraints. In all thressults, previous step

convergence of a subsequence of iterates to a limit
point satisfying first-order necessary conditions i Example case studiesThe proposed methodology has
proved. been explained with the help of rotor key assembly
These methods have a long and rich history in thexample problem. This is given as a case studylin A
scientific and engineering communities where theyAnsar)P]. It is a simple linear mechanical assembly as
have been applied to numerous problems. The maighown in Fig. 1 involving only two components. The
attraction of direct search methods is their apitt ~ Optimal tolerance design and Asymmetric total cost
find optimal solutions without the need for compgti problem can be formulated as follows.

derivatives in contrast to the more familiar gradie ) ) ]
based methods. Representation of variables:In Fig. 1 shows that the

A pattern is a set of vectors;)\that the pattern resultant dimension Kas the principal design tolerance

search algorithm uses to determine which points t@nd the dimension chain for the; Xonsists of the five

search at each iteration. The se) (s defined by the dIMeNSIONS X, Xz, Xa1, X22 @nd X5 For this the best
number of independent variables in the objectiveSUited machining process will be of turning, dnifj face

function, N and the positive basis set. Two comyonl milling, face milling and drilling associated withe five

used positive basis sets in pattern search algositre  dimensions in the dimension chain fag, Xespectively.
the maximal basis, with 2N vectors and the minimal

basis, with N+ 1 vector. A .

With Generalized Pattern Search algorithm (GPS), ] —@%—
the collections of vectors that form the pattere ar {} ==
fixed-direction vectors. For example, if there #nece ! —
independent variables in the optimization probléme,
default for a 2N positive basis consists of théofwing - 7 ——
pattern vectors: [/' & //j B W ] /////////,//(;

i L P 17 iy /,/’/ -’

V1=[100]\,=[010] 5 J;’//., v 7 i
V3:[001]V4:['100] _ X --X'-:-
Vs=[0-10]%=[00-1] - e -

An N+1 positive basis consists of the following
default pattern vectors: X
V1i=[100]V,=[010] \,=[001]V,=[-1-1-1] Fig. 1: Rotor key assembly
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Table 1: Ranges of the principal machining toleesntor the rotor RSS criteria:
key assembly

Dimension tolerance in mm

p— &+ 8, + 82,4 8%,,+ 52 ,,<1.016

Sr. No. with notation Lower limit Upper limit
1 Turning 611) 0.0635 0.762 Spotts criteria:
2 Drilling (312) 0.0508 0.254
3 Face milling §.1) 0.0254 0.508
4 Face milling §22) 0.0254 0.508 1| (B +0,+8,,+8,,+8,)+ 1016
5 Drilling (5 0.0508 0.254 = <1
9 () 2| [(§+ 5y 8+ 57y 673

Table 2: Coefficients for the five machining proses of an

exponential model Estimated mean shift criteria:
Sr. No. Cost-tolerance model oC Ci
1 311 66.43 2.738
2 312 27.84 3661  (MJ,+mPB,+md,md,md )+
3 321 431.50 17.640
4 S22 43150 17.640  z || (@-m 37+ (1- m Y35+ (- my§8%, (@)
5 52 27.84 3661 3 252 2 <1016

+(1_ m4) 622 + (1_ ms)2623

Hence the design variables for the optimization

problem include the design tolerandg and the five i T X
machining tolerancéyy, 8,2, 8,1, 85, anddys The ranges constraints and the ranges of the principal desigth

of tolerance for these five machining process éerg machining tolt_erance mentioned in Table 1. The patte
in Table 1. search algorithm method has been used as an

optimization engine. In this an individual l¢hgf
20 bits with 100 generations are employed. Theltesu
of optimization using pattern search algorithm rodth
are discussed as follows.

The total machining cost is optimized subject® t

Objective function: Minimization of the total cost

represents the objective function. Total cost is th

summation of manufacturing cost with respectivéhi

tolerance and asymmetric quality loss given in£q. MATERIALS AND METHODS
Thus the objective function is expressed as,

manufacturing cost is expressed in exponential inode  tnqo objective function is to minimize theaotost.

as: Total cost is the summation of manufacturing coish w
respective to the tolerance and asymmetric quidiy
g(6)=coi ) given in equation 4. Thus the Manufacturing cost is
e expressed in exponential model:
Total manufacturing cost (G,): C, = zijk Gy Gy ) (8)

Cn =010+ 9.0+ 920 20+ 9B o 90 2 (6) Assign different value (range from Table 1) of

o tolerance in to the above equation 8, accordirtgiyill
The coefficients for these models (Eq. 5 and 6) fo give different values of total cost. The differamtiues
the various cost-tolerance functions are given  of total costs are optimized by using pattern dearc

Table 2. algorithm we will be getting the least total cost.

Constraints: The Design tolerances are framed by four RESULTS

stacked up conditions are Worst case, RSS, Spadts a

estimated mean shift criteria. These stack-up dimmdi The optimization of total cost verses tolerance of

yield a set of design constraints as below: the rotor key assembly, for each case of the design
constraint was carried out for 100 generations BAld

Worst case criteria: personal computer using MATLAB 7.5.0 (R2007b)
version the results are shown in Table 3-6 and also

O, +0,+3,,+8,,+5,,<1.016 represented in Fig. 2 and 3.
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Table 3: Optimal tolerances allocated using patsearch algorithm-

worst case method

Fle Zdt Vew lnset Took Desttop Window Heb

Least total cost (manufacturing

Dimensional tolerances cost + aSymmetriC qUali@ﬁ)O i Bast Function Vale; 6045446 i i Surrrt bles Size: 9.E367e-007
d11 0.0635 4515 ¢C .
512 0.0508 sl 08|
d21 0.2127 . l
822 0.2127 1 0
323 0.2540 g 2
Egst " Tt
Table 4: Optimal tolerances allocated using Patsearch algorithm- BOF o, "
RSS method W i
Least total cost (manufacturing - I e —_—
Dimensional tolerances cost + asymmetric qualisg)jo L W L S W
5 0.0635 1485 C walion ersion
11 . .
212 8g?g? Totel Function Evalustions £90 Curet Bast Paint
21 . 0 0
822 0.2127 3 e i
023 0.2540 i ®
5 HoOM0BHN0H0 E
Table 5: Optimal tolerances allocated using patsearch algorithm- L & Yt 5
SpOtS method g d B 000060 & ¢ P E00N0 bho o 00 & .‘;
Least total cost (Manufacturing Pl 8 i % O
Dimensional tolerances cost + asymmetric qualisg)o 3 5
d11 0.0635 4435 C E
812 0.0508 ﬂJ pil Ah ‘E Eb 15[ 1 1 g 4 5
321 0.2127 eaion N‘Jmhevn‘&anah\ee(ﬁ)
= o2 =
23 .

Table 6: Optimal tolerances allocated using patsearch algorithm-

greenwood and chases method

Fig. 3: Performance characteristics graph of cost a
tolerance for an exponential model

Least total cost (manufacturing

Dimensional tolerances cost + asymmetric qualiég)o DISCUSSION

311 0.0635 45.08 C

212 8-2?3? A method of synthesizing tolerances conatye
oo 02127 for both manufacturing cost and quality with pasiti
823 0.2540 control in assembly has been presented. The method,
Note: Gis the reference cost for the cost-tolerance data. generally termed as concurrent tolerance synthssis
— _— weII.suited for engineering environment, wnere high
o - quality products with low total cost are designedi a
e — manufactured.

i i T | In Fig. 2 shows the general behavior and lprab
et 41 i Mere——3 setup. From these Fig. 2 and 3 it is clearly uridets
o e . - that the optimum total cost as determined from the
G| == pattern search algorithm model will be 45.35@sing

8 worst case model. The result indicates that thennaim

M total cost of the assembly is lowest with Greenwand
e Chase Method and highest with RSS method.

In Fig. 3 there will be four graphs. In first grap
: : plotted between iteration with cost in this thethedue
will be $604.54 and its corresponding cost iv@ll be
st 45.15. Second graph will be between iteration with
mesh size in this mesh size drastically decreasmtp
———————— | [ 40 iterations and further it will remain constafihird

av

& Vactozs

graph plotted between iteration vs. intervals iis the

Fialpontz
[ 2 3 4 5

Fig. 2: Work setup for pattern

values are scatted. Finally fourth graph will be
represented the best tolerance values of the five
machining process.
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The total cost obtained in my study is high when5.
compared with study done by Al-Ans8hsince | have
included asymmetric quality loss cost with machinin
cost. It is clearly shows from the observation of
number of trials by changing the mean shift inefiint
positions that when moving the mean shift towardss.
Lower Consumer Tolerance (LCT) the total cost keeps
on increasing.

CONCLUSION .

These results indicate that the optimized value of
tolerance using Pattern search algorithm has deast
total cost for this Rotor key assembly. Patternrcdea
method is one of the most popular classes of metted
minimize functions compare with other exact
algorithms and heuristics optimization technigquEse
concurrent method is comparatively simple. A better
model may be approached for different assembly9
problems to find the Optimized cost using different™
optimization techniques.
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