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ABSTRACT

Minimizing the amount of scrap generated in an ahum extrusion process. An optimizing model is
constructed in order to select the best cuttingepad of aluminum logs and billets of various sizesl
shapes. The model applied to real data obtained &0 existing extrusion factory in Kuwait. Resuism
using the suggested model provided substantialcteohs in the amount of scrap generated. Using doun
mathematical approaches contribute significantlyéducing waste and savings when compared to the
existing non scientific techniques.
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1. INTRODUCTION programming was utilized for the cutting stock dewb.
The problem compromised a large number of variables
Aluminum is the third most abundant element in the Which generally makes the computation infeasible.
Earth’s crust and it constitutes 7.3 percent bysnage  Gilmore and Gomory (1964) examined the cutting lstoc
Aluminum industry contributes significantly to the Problems involving two or more dimensions. Haessler
global economy as well as too many individual (1971) described a heuristic procedure for schaduli

economies. The industry employs over a million peop production-rolls of paper through. a finishing 0.“'“?“0
worldwide. Aluminum smelting is a capital-intensjve cut them down to finished roll sizes. The objectivas

technology-driven industry concentrated in a few to minimize the cost of trim-loss and that of the
. . . . .~ reprocessing. Covesrdale and Wharton (1976) predent
relatively dominant companies. Aluminum consumption

has enjoyed substantial average growth over thddas a heuristic procedure for a nonlinear cutting stock
decades due to general economic growth and to itéDrOblem’ _the pLot_)Iem was solved using the pattern
substitution of other materials. Kuwait is a membér enusmergnhon tfclgé%ue.dd d heduli blem i
the Gulf Cooperation Council (GCC); the GCC cowgsri umichras ( ) a aressed a scheduling probiem in
. ; . the woven fiber glass industry as an example of the
will boost their share of global aluminum outputib- . . - i
17% by the end of the decade. There are two tgpes cutting stock problem with the _objec'uve of conlireg
aluminum industries; the first is the extrusion ustty the vyasted prngctlon capacity rather than wasted
where profiles of different sizes, colors and slsapee materlal_. A heuristic was developed for the purpobe
produced, while the second is the fabrication itigus scheduling the prod_uctlon Process. _Stadtler (198ep
where various products such as windows, fences andh€ column generation method of Gilmore and Gomory
doors are designed from aluminum profiles. (1964) for minimizing the amount of scrap generated
In the aluminum extrusion industry, logs and bélet from fabricated aluminum made for window frames.
are cut using various stock cutting patterns; tmewnt  Krichaginaet al. (1998) examined the cutting process of
of scrap generated is dependent on the cuttingadeth sheets in a paper plant. The main objective was to
used. The Stock Cutting Problem (SCP) is discussedninimize the long-run average cost of paper waste.
thoroughly in the literature. One of the first aelds was  this regard, a two step procedure consisting odalin
presented by Gilmore and Gomory (1961) where intege programming and Brownian control was developed.
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Liang et al. (2002) applied an evolutionary algorithm algorithm was used to find the optimim cutting patt
(EP) for cutting stock problems with and without Berberler et al. (2011) developed a dynamic
contiguity. Results showed that the EP algoritten i programming algorithm to address the one-dimensiona
more effective and superior when compared 0 thegiock cutting problem. The results obtained froris th
genetic algorithm used. Paradaal. (2003) proposed a algorithm was compared to others and results shatsed

meta-heuristic approach for solving a non-guilletin - D .
stock cutting problem. The approach was a comhnati efficeincy and s_up_erlorlty. Cui and Hu_ang (2012)
proposed a heuristic to address constrained T-shape

of the principles of the constructive and evolutive X g St
methods. The results showed an error reduction ofPatterns with the objective of maximizing the patte

around 2%. Hifi (2004) proposed an algorithm for value and meeting demand. The computation of 58
solving a two dimensional constrained cutting stock benchmark instances showed that the algorithmpiergar
problem. In the algorithm and for depth search,rityb to the two-stage patterns approaches. De \&illal.
approach combining hill climbing strategies and atyit (2012) developed an algorithm based on non-fit gety
programming were employed. Cui (2005) developed anto examine the two dimensional cutting/packing
algorithm that utilizes the knapsack algorithm aal  nproplem. The algorithm aslo solved problems wighis
implicit enumeration technique. The algorithm was imegular shapes. Mobasher and Ekici (2013)

applied to real cutting stock data of the manufactu : : :
electric generators. Khalifat al. (2006) built a one develop_ed a mixed integer linear and_ used the golum
generation method to the study a cutting stock lprab

dimensional cutting stock problem using genetic th Th i obiecti P
algorithm. The objective was to reduce the amount o WIth St up cost. The main objective was to finciing

waste generated in constructing steel bars. pattren at minimum production cost. _ _
Saadet al. (2007) addressed the problem of scrap In the current research work, the extrusion progess
generated from cutting cylindrical logs produceddsy & SPecific industry in Kuwait is thoroughly studieath
aluminum extrusion company. In this regard, a multi OPjective of finding ways for reducing the large@mt
objective cutting stock problem was constructed. A Of SCrap generated. The article organized asvistiot
solution procedure was developed considering thepsc start by describing the aluminum profile production

generated as a fuzzy parameter. Chen (2008) pessant process, the amqunt of scrgp_generat_ed in the_nhose
recursive heuristic algorithm for the constrainee-t industry from using the existing cutting techniques

dimensional stock cutting problems. The algorithsw Next, the structure of the developed optimizatiosdets

tested and the computational results produced goodS provided. For illustration, an example is preed_rto
. . S . compare the amount of scarp generated using the
solutions in short computing time for problems iffedent o ) . .
) existing conventional cutting patterns and the sife
scales. Alvest al. (2009) used several constrained and non S
. : ; : . scrap generate from the proposed optimization model
constrained integer programming using column géinera ; . : .
. - : Results and discussion section comes next, thelearti
lower bounds for the different minimzation pattemsre ends with concludina remarks
derived. Using actual data,the outcome of theseetnod g ’
showed improvement of the lower bounds. HajeehQpR01
addressed the problem of waste generated in arinalom
fabrication industry. A heuristic was propped fptimizing
the cutting of aluminum profiles. The heuristic ¢uwoed
less scrap when compared to the existing procedia® in Aluminum profile production (extrusion) process
the company. Macedet al. (2010) proposed an integer passes through several stages starting with casting
linear programming model to solve the two- where logs are produced; the logs are next cut int
dimensional stock cutting problem with guillotine standard billets and are put into extrusion machne
constraint. A computer software was used to examinemanufacture profiles of different shapes and siZé®
the behavior of the models with data from a wood extruded aluminum profiles are placed in the aging
industry. The lower bound of the model was founéo  furnace in order to increase their durability atrérsgth.
superior to those of other methods. Next, the profiles are polished thoroughly and dejireg
Kasimbeyli et al. (2011) proposed a linear integer on request are either sent for paining, or anodibigfore
programing with two contarcting objectives for aeen  shipping to the customer. Fig. 1, the detailed process
dimensional cutting problem. A special heuristic is presented for a specific extrusion company iwitt

2. MATERIALSAND METHODS

2.1. Aluminum Profile Production
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Scrap from other Tablel. Lengths and weights of standard billets and logslus
sources by the aluminum extrusion company
Billet Length Weight Log Length Weight
/ e (M) (k) Type (m) (ko)
Blending 1 0.48 32.16 1 2.59 173.4
\ Pure aluminum 2 0.52 34.25 2 2.64 176.8
. ingots 3 0.56 37.55 3 2.69 180.2
Logs and billets U 4 058 3878 4 2.74 183.6
v 5 0.61 40.55 5 2.79 187.0
L 6 0.65 43.55 6 2.84 190.4
Cutting —p
Scrap ) )
Table2. Weight and percentage of monthly total production
Adjusted logs scrapped in the extrusion stage
Total Scrap Percentage
v production  weight scrap
Extrusion —m-—p» Month (kg) (kg) (%)
January 249255 64722 26
Standard profile Serap February 280077 75978 27
March 295545 77954 27
v April 343386 91102 27
Anodizing ) May 245831 65408 27
June 321935 68588 21
Scrap July 268012 61195 23
Finished profiles August 219373 52435 24
September 317112 78005 25
Y October 278610 63709 23
Cutting ———» November 347567 83844 24
Scrap December 385956 88688 23
Mean 296055 72636 25
Fig. 1. Aluminum profile production process Standard deviation 48643 11328

The type of billets and logs used in the extrusion Modél |

process in the company along with their lengths and Two models are presented in this research work.

weight is shown inTable 1. The monthly weight and The first is shown in (1) which is based on differe
percentage of scrap generated during a specificipea i ots:

the aluminum extrusion by the same company is as
given inTable 2.

2.2. Optimization M odels

An efficient model for minimizing scrap in the pilef ~ Subject to Equation 1:
production process is based on developing cutting
patterns, where each cutting pattern uses sevbeg Bnd s 4z +vE +vE +VEHFVE SW,
the total weight cut is less than the total weighthe log 0F, + OF ,+ 0+ OF FOE FOF W y=W
used. All possible patterns are investigated aadatBight ! 2 s ¢ ° o 2
of the scrap generated is calculated. Two modeds ar @& T WA+ WLt WE WL F W ~Wy=W,
presented in this research work, details are dietow. ¥:& € 5858458 5€ 62 0 and integers

Minimize Z = Wi+ W, + W3

@)
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Where: along with the total length of the different billet
Z = Total weight of the scarp in kg combinatio_ns (patterns) and the amount of scrap
W, = Weight of scrap (kg) generated per 1.5 inch log 9€nerated in meters.
(0.0381 m) of each billet used to extrude the 2 3 Example

desired the desired profile
W, = Weight of scrap (kg) generated from log cutting
W; = Weight of scrap (kg) generated from producing

longer profiles than demanded
v; = Weight (kg) of producing type j billet, j=1,...,6
o; =Weight (kg) of log used to produced thebjllet, |

=1,...,6

As an example, the proposed model Il has been
used on die number 158B/ 7 for a demand 441 kg.
Detailed mathematical programming formulation is as
follows noting that Z and Q represent the amount of
scrap generated from using two logs:

Minimize (Z + Q):

& = Number of type j billet used

y = Number of logs used )

W,_ = Weight (kg) of each log Subject to:

W = Total weight (kg) of profiles demanded

Mode 11 7.04X; +5.04 X% +34.04 X% +33.04%,+31.04 X%

+28.04 X +35.07 X% +32.04X +31.04 %+29.04 X,
Although the above problem provides a good +26.04%; +29.04 X, +28.04 %; +26.04 X, +23.04
solution to the problem, however it has one x,. +27.04 X + 25.04%; +22.04 Xg +23.04 Xo
disadvantage in that, where more than on 10g iS120.04 %,+17.04 %, - Z=0
needed, the model considers all logs to be one longg x, +98 X, +69 X, +604X, +72 Xs + 72 X5 +68X%;
log. A superior and more efficient model is based +T1Xg + 72X +74 Xgo +TTXq1 +74 Xio +75 Xos3 +77 Xea
cutting patterns as given in (2). Equation (3) 4 go Xys +76 Xyg +784%7+81 Xig +80 Xyo +83 Yoo

represents the nenegtivity constraint. +86 Xy - Q=0
END
J GIN X
Minimize Z = ¥ S§p, GIN X%
1=1 GIN X%
GIN X%
Subject to Equation 2: GIN X%
GIN %
GIN X%
6 GIN
3 Qp Q. 2) o X
=1 GIN X,
GIN X
p, non negative intege 3) GIN X
GIN X3
GIN
Where: %a
: . GIN X5
p; = Number of cutting patternj,j=1, ...,6 GIN X
S = Amount of scrap generated from cutting pattern j, GIN X
j=1,..6 GIN  Xg
Q = Weight of cutting pattern j (kg), j=1, ...,6 GIN X9
Qw. = Total weight of profiles demanded GIN %o
GIN %
The different cutting billet patterns of 1.5 m log
used in the mathematical model are giverTable 3 Objective Function Value: 74.2.
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Table3. Scrap generated from different cutting pattey)sof 1.5 m Log (100.5 kg)
Standard billets

Cutting patterns Total Total
() 0.48 0.52 0.56 0.58 0.61 0.65 length (m) scrap (m
Y1 3 1.44 0.174
Y2 2 1 1.48 0.134
Y3 1 1 1.04 0.536
Ya 1 1 1.06 0.516
Y5 1 1 1.09 0.486
Yo 1 1 1.13 0.446
Y7 1 2 1.04 0.536
Y8 1 1 1.08 0.486
Yo 1 1 1.10 0.476
Y10 1 1 1.13 0.446
Y11 1 1 1.17 0.406
Y13 1 1 1.14 0.436
Y14 1 1 1.17 0.406
Yis 1 1 1.21 0.366
Y19 2 1.22 0.316
Y20 1 1 1.26 0.134
Ya1 2 1.30 0.276

Total Scrap (kg.) = 100-total weight +2.5( numbgbitlets used)

Table4. Comparison of extrusion stage scrap generatedHfys*conventional method and the proposed matheahatiodel
Total scrap generated (cm)

Die Weight Conventional Optimization
No number demanded (kg) method model
1 158 B/7 441.00 275.350 74.215
2 861 A/3 450.00 123.400 65.200
3 861 A/3 675.00 204.350 42.280
4 113 D/12 396.00 226.960 119.120
5 7613 153.00 63.720 52.400
6 2211 165.00 65.510 41.080
7 1096 259.00 185.430 49.920
8 1037A/6 2574.00 311.360 208.080
9 863A/3 888.00 76.830 64.320
10 126A/B 244.80 328.120 205.900
11 463 130.05 196.400 146.560
Total Scrap 2034.99 1145.105
3. RESULTS 0.134 meters which is the leadtable 4 presents the

amount of scrap generated resulted for ten Diergalo
Table 3 provides the amount of scrap generated bywith the total weight demand. The amount of scrap
differentcutting patternsThe amount of scarp generated generated using the conventional method used in the
is less than one meter. As shown pattern 3 prodiees company is compared to that using the optimization
0.536 meters, while patterns 2 and 20 produce aroun model. The maximum scrap is genertaed by Die 1087A/
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with an amount of 208.08 kg while the least is el  Cui, Y. and B. Huang, 2012. Heuristic for consteal

by 2211 with around 41 kg. T-shape cutting patterns of rectangular pieces.
Comput. Operat. Res., 39: 3031-3039. DOI:
4. DISCUSSION 10.1016/j.cor.2012.03.001

Cui, Y., 2005. A cutting stock problem and its swin in
When comparing the total amount of scrap generated  the manufacturing industry of large electric
for the different Dies as shown ihable 4, it is found generators_ Comput_ Opera‘[_ Res_, 32: 1709-1721.
that it is around 56% on average. The total scrap  pOI: 10.1016/.cor.2003.11.022

generated produced using the conventional procédure pe valle, A.M., T.A.D. Queiroz, F.K. Miyazawa and
around 2035 cm whereas it is around 1145 using the g ¢ xavier, 2012. Heuristics for two-dimensional

suggested optimization model. knapsack and cutting stock problems with items of
irregular shape. Exp. Syst. Appli., 39: 12589-12598

5. CONCLUSION DOI: 10.1016/j.eswa.2012.05.025
The aluminum extrusion process produces a sizabIeG'lmore’ P'C'. and R.E. Gomory, .1961' A linear
programming approach to the cutting-stock problem.

amount of scarp; this mainly attributed to the tégbes i )
used and the lack of modern scientific experierfch® . Operat. Res., 1. 849-859. DOL: 10.1287/0pre.£_9.6.849
Gilmore, P.C. and R.E. Gomory, 1964. Multistage

staff. In order to reduce the large amount of [sce
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an optimal cutting method will contribute to eféicit ~ Haessler, R.W., 1971. A heuristic programming sofu
uses of time and other resources. For examplasbef to a nonlinear cutting stock problem. Manage. Sci.,
the mathematical developed, the reduction of theumin 17: B793-B802. DOI: 10.1287/mnsc.17.12.B793

of scrap generated ranged from 21-82% and thisHajeeh, M.A., 2010. Mathematical model for waste
constitutes large saving. reduction in aluminum fabrication industry in
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