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Executive Summary

The problem of cost minimisation through sequencing different nested pat-
terns according to priority and requirements are addressed in this project.

The feasibility of scheduling these nest’s cutting order as to minimise the
number of sheets required as well as to reduce the total production cost in-
curred, is to be determined and compared to current sequencing methods as
are currently employed at Aerosud.

The method that is implemented to address this problem is a dynamic
programming model that incorporates a knapsack formulation at its core.
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Chapter 1

Introduction

In this chapter the background information about the company and the prob-
lem is presented and is discussed.

1.1 Background on the Company

Aerosud is an aviation company that was formed in the early 90’s by design-
ers of the Rooivalk helicopter and leaders of the Product Support team of
the Cheetah fighter aircraft.

Aerosud currently supplies aircraft components to both commercial and
military institutions, some of whom include Airbus, Boeing, BAE Systems,
Agusta Westland Helicopters and Spirit AeroSystems. These components
are manufactured in-house and shipped to the customers assembly line.

Aerosud is a respected name in aviation industry, locally as well as inter-
nationally.

1.2 Background on the Problem

After doing some initial inspection and analysis, a bottleneck was identified
at one of the initial processes that most of the production lines pass through.

A direct result of this bottleneck is a major delay in the downstream pro-
cesses that is reflected in the delivery dates of the final products which in
turn has a substantial financial implication.
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Figure 1.1: Aerosud Facility

The identified cell, the router cell, cuts the needed parts from blank sheets
of aluminium. Off cuts cannot be stored because the burrs caused by the
cutting process cause surface damage to the neighbouring sheets, therefore
the nesting of the parts is done in such a way that the sheets are utilised
fully in one go, and batches of parts are produced.

Since the nests, which are of different size, are cut from different types
and thickness of aluminium, the batching results in the overproduction of
some parts, while the production of other parts are kept on hold.

It is this delay in production of certain parts that often results in exces-
sive idle time for operators involved in downstream processes and ultimately
these delays are reflected in the overshooting of the delivery dates.

The correct sequencing is thus a major oversight in the current production
method, and forms the baseline of the problem addressed in this project.
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Chapter 2

Project Objectives

2.1 Project Aim

The main objective is to determine an improved cutting sequence and to bet-
ter group the different nests together as to reduce the overall costs incurred
by the production of the different parts.

The secondary objective of the project is to locally improve the through-
put of the identified problem cell and to align it with the the rest of the
production line.

The third objective will be to generate some guidelines for the router’s
operator to better determine the sequence of cutting and job selection.

2.2 Project Scope

Due to the complexity and extensive range of variables that factor into the
actual cutting process, some aspects of the process need to be limited.

There will be no detail modelling of the parts as they are mostly odd- or
irregular in shape, they will be approximated using rectangles.

There is a wide range of aluminium types used for the fabrication of dif-
ferent parts, there will only be focussed on the most commonly used type.

Only two routers will be available to do the cutting of the parts, each
having certain specified cutting bits available. The machines will work in

3



parallel with each other.

We will assume that no job needs to be processed by both machines.

The part range that will be focused on will also be limited to only one
product family using a single thickness of material, this would give sufficient
representation of different size and types of parts produced.

All cost values will be expressed in terms of Rand, all time values are
expressed in minutes and all measures of length are given in millimetres.

Due to some confidentiality clauses, some of the data had to be adjusted.

Figure 2.1: Layout of Facility with Routers in Parallel
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Chapter 3

Project Planning

In this chapter, different methods and techniques of achieving the goals as
set out in the project aim are discussed.

3.1 Analysis of Relevant Literature

3.1.1 Basic Concepts

Overall Throughput Improvement

”Optimising bits and pieces, does not optimise the entire system” [Degarmo,2003]

Some conditions need to be satisfied prior to any improvement attempts
on the assembly line or production process. The first and probably most
important is that the process that is under review needs to be stable, and
controllable. Production control can be defined as the methods by which
the handling of materials, sub-assemblies and parts are governed and imple-
mented in the work environment. [Tompkins,2003]

Since the critical controls of different types of manufacturing systems vary
with respect to certain key aspects of production, it is crucial to identify the
type of system that is applicable to the environment under study.

Different problems and applicable methods where examined in order to
ascertain the required mathematical formulation and structure to address
the nest-scheduling problem.
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Wastes in Manufacturing

The waste that occur in the manufacturing environment can be classified as
any activity that is non-value adding [Taylor,2001] and can be classified as
in table 3.1. The one we will address is the overproduction.

Table 3.1: Wastes in Manufacturing

Waste Description

Transportation Moving of parts from station to station
Inventory Tied up resources and material between stations
Motion Excessive operator or machine movement
Waiting Idle time of operator while waiting for process to complete
Overproduction Produce more than is needed
Over processing Unnecessary work done on parts
Defects Producing non conforming products

Scheduling

Scheduling is a task that links a time requirement to a certain operation.
[Chase,2004] Scheduling is used to plan production and helps in managing
the manufacturing environment.

There are many different scheduling techniques. The one we will focus
on is Material Requirement Planning (MRP).

MRP is an easy and adequate method of planning. The method takes
into account the material and components needed to produce a completed
product and then computes the schedule specifics of when to order the ma-
terial and when to manufacture the components.

When compiling the schedule, certain rules need to be applied to de-
termine the correct order in which tasks need to be completed. The most
commonly used rules are listed in Table 3.2 as identified by Chase et al.
[Chase,2004]

Nesting

Nesting is a process of grouping parts or orders together to be cut from a
sheet of material. This grouping is mathematically based and aims to max-
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Table 3.2: Scheduling Rules

Id Description

1. First in - first out (FIFO)
2. Last in - first out (LIFO)
3. Last in - last out (LILO)
4. Earliest due date (EDD)
5. Random order (RO)

imise either the use of material or minimise the waste or scrap that remains.

Using nesting could greatly reduce machine setup time, batch sizes and
reduce material cost. [Herrman,2001]

It is however important to calculate the nest using the correct informa-
tion surrounding the release procedures of the parts produced and the down-
stream requirements. If done incorrectly this would reduce the machines
overall throughput. [Fu,1997]

There are many different approaches in computing nesting algorithms.
Since the complexity of nesting irregular shaped parts increase the compu-
tational burden, it is difficult to apply a deterministic algorithm. To obtain
an approximate solution some heuristic and meta-heuristic algorithms were
developed. The works of Hopper and Turton [Hopper,2001] gave an in-depth
overview of 2D irregular shaped nesting.

Other authors such as Jacobs [Jacobs,1996] used order based generic al-
gorithms to approximate the nesting of polygons. Since the parts that will be
nested at Aerosud will be approximated by rectangles as in figure 3.1 these
algorithms mentioned above are mathematically too advanced.

Figure 3.1: Parts Approximated by Rectangles
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Standard Operating Procedures

If each worker did the same job in his own way the variability between them
would be substantial. [Chase,2004]

The implementation of standard operating procedures (SOP’) would set a
standard and also give sufficient guidance to complete the job. It also makes
the operators interchangeable, one can continue where the other left off and
the transition would be smooth. This is due the fact that both work in the
same manner.

3.1.2 Bin Packing

A common scenario that occurs in practise is to complete a task or sequence
of tasks using as little resources as possible in an attempt to reduce costs
and improve efficiency.

Bin packing is a common problem of assigning or packing items of varying
sizes into bins, where each bin has a fixed capacity, this is considered to be
a NP-hard combinatorial problem. [Bansal,2005]

Since this problem extends across multiple fields of application it has been
well researched and many different solving approaches and approximations
have been developed. [Coffman,1996]

The bins need not be physical bins, but could also be seen as machines
having limited processing capacity that need to be allocated to an array of
jobs.

Mathematically the goal is to select and place items from set
i1, i2, i3, ..., in ∈ (0, 1] into the fewest number of bins, each bin with a size of 1.

We can assume that the bins have a size of 1 and still be able to apply
the equation to a wide range of applications since up scaling both the bins
and the items would amount an equivalent result.

3.1.3 Glass Cutting

The cutting of glass sheets into smaller rectangle shapes as per customer or-
der is a real life problem that occurs in the glass manufacturing environment.

8



The main objective is to determine the best grouping of jobs as to reduce
the overall waste that is produced as well as to reduce the number of setups
that is required.

There is however a major constraint in the way that the cuts are made
on the blank sheets of glass. The cutting needs to be done in a guillotineable
manner and the patterns need to be arranged accordingly. A major result of
this is that the parts are only allowed to be rotated at an angle of 90 degrees
when placed into the cutting pattern. [Kroger,1995] Appendix A discusses
this in more detail.

Only straight line cuts can be made on the sheets of glass as is illustrated
in figure 3.2. After the initial cuts are made (A and B), the smaller sections
are then again loaded into the cutting machine and cut horizontally into the
desired parts.

Figure 3.2: Guillotine Constraint of Glass Cutting

A direct mathematical constraint that can be derived from this guillotine-
able cutting method is that no overlapping of parts are allowed. A vertical
asymptote needs to be developed and included in the constraints of the mod-
els formulation. The cuts will typically be made on the asymptotes.

3.1.4 Carpet Assignment

The weaving industry has the problem of scheduling different orders of car-
pets, each carpet having its own width, length and quantity to produce.

Since carpets are woven on machines with fixed widths, there will always
be ”wasted” areas between the different carpet sections that cannot be used.
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The unusable area is a direct, but unavoidable waste and we can only try to
minimise overall cost incurred, not eliminate it. [Demir,2005]

A unique difference between this carpet assignment and a regular two
dimensional stock cutting problem is that material that the shapes are cut
from is only confined by the width of the machine and not the length of the
input material since the carpet is woven off rolls of yarn.

The other characteristic that that defines the carpet assignment is that
unlike a two dimensional bin-packing problem, no overlapping of parts or
segments are allowed. [Lodi,2002]

Considering the above motioned, there are strong correlations in the for-
mulation of both glass cutting and the carpet assignment problems.

3.1.5 The Knapsack Problem

The Knapsack Problem is an optimisation problem that entails the selection
of items to maximise overall value or benefit given a certain capacity con-
straint. [Gilmore,1967] It is generally regarded as being a one dimensional
binpacking problem.

The most commonly suggested methods of solving knapsack problems
are Dynamic Programming or Tree search techniques such as the branch and
bound method. [Greenberg,1970]

Dynamic programming (DP) is a technique that breaks a problem down
into a series of smaller more manageable optimisation problems, each having
the same structure as the original one. [Winston,2003]

The solving method works in a backwards manner, calculating from the
end of the problem back to the beginning.

Each of the smaller problems is assigned as stages, and each stage can be
in a certain state. The state of the stage is basically the information to make
an optimal decision in moving to the next stage. The principle of optimality
requires that the decisions to move from the current stage to the next not be
influenced by the previous decisions or movements made.

If we define the problem as having T different stages, the recursion that
relates the movement and the benefit obtained during the stages

10



t, t + 1, t + 2, . . . T can be formulated as:

ft(x) = min/max(cij + ft+1(j)) (3.1)

Where j must be the value at stage t + 1 and cij the relevant optimal for
the previous stages.

3.1.6 Sequencing and Resource Allocation

Similar to the knapsack problem, resource allocation and sequencing can be
formulated as a function that tries to find the critical path or either mini-
mizing waste, or maximising production.[Lawler,1969]

One such problem that has been studied extensively is the travelling sales-
man problem. The objective is to determine a sequence or route to travel
that will minimise travelling time or travelling expense.

If we define xij as the distance between cities i and j, and

cij ,
{

1 : if traveling from i to j i, j ∈ {1, 2..., 8}
0 : otherwise j 6= i

Then the solution can be found by solving:

min(Z) =
∑

i

∑
j

(cijxij) (3.2)

s.t. (3.3)
i=N∑
i=1

cij = 1 j = 1, 2, ...N (3.4)

j=N∑
j=1

cij = 1 i = 1, 2, ...N (3.5)

i 6= j; (3.6)

i = 1, 2..., N (3.7)

ui − uj + Nxij ≤ N − 1 j = 2, 3, ..., N (3.8)

xij = 0 or 1; uj ≥ 0 (3.9)

The constraints of [3.6]-[3.9] are very important, since they ensure a feasible
route.
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Chapter 4

Define and Design

This chapter discusses the defining and collection of the required data sur-
rounding the input variables for the problem’s formulation.

Figure 4.1: Breakdown Diagram of Model Outline

The data and information surrounding these components are required to
formulate the model. This data needs to be coherent with the requirements
of a knapsack as defined in the previous chapter.
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4.1 Defining Parameters

These are only the main parameters that arise from analysing the cutting
process.

4.1.1 The Nests

Since the nests are developed by grouping several irregular shaped parts, the
overall shape of the nests is irregular more often than not. The nesting pro-
gramme Sigma-Nest strives to nest the parts as close to a rectangle shape as
far as possible. We will represent these developed nests by defining rectangles
for use in our calculations.

To calculate the particulars of the rectangles (nests) we need to first de-
fine its dimensions (Supposing we have n - nests):

li , the length of nest i i ∈ {1, 2..., n}
wi , the width of nest i i ∈ {1, 2..., n}
Ai , the Area needed for nest i i ∈ {1, 2..., n}

It would then be of substantial importance to associate a priority param-
eter with each nest, and we will define pi as:

pi ,





0 : Nest Cancelled
1 : Normal Priority where i ∈ {1, 2..., n}
2 : High Priority

The different nests will have to be cut each requiring two uniquely spec-
ified cutting bits. We thus need to define a variable that associates the
required bits to each nest. If we assume that there are only 10 cutting bits,
we can define Rikb as:

Rikb ,





1 : Use bit b for sheet i in position k
0 : Otherwise

i ∈ {1, 2..., n} k ∈ {1, 2} b ∈ {1, 2..., 10}

Each nest also has a setup time to program the machine, this will be
represented by:

13



si , total programme loading time for nest i, i{1, 2..., n}

4.1.2 The Operators

We will need to know the remuneration costs involved for employing the op-
erator that needs to operate and oversee the cutting process.
We will define :

O , Defines the per hour rate of employing the operator

4.1.3 The Machines

The setup of the machine prior to the cutting operation will also need to be
taken into account. We will define Sj as :

Sj , total setup time required for sheet j, j ∈ {1, 2..., X} where X is the
number of sheets required

We also need to define a 0/1 variable to indicate which nest is placed on
which sheet, which in turn will determine which router will be used to cut
the sheet.

yij ,
{

1 : if nest i is nested on sheet j i ∈ {1, 2..., n}
0 : otherwise j ∈ {1, 2..., X}

Sj =
i=n∑
i=1

siyij i = {1, 2, ...n}; j = {1, 2, ...X} (4.1)

(4.2)

Since the actual cutting time will not be affected by the changes made to
the sequence, it will not be taken into account.

14



4.1.4 The Material

There are allot of input variables to take into account when looking at the
material used in the cutting process. We define the following :

cj , the cost of sheet j

rj , the scrap value per square unit of the material remaining on sheet j

tj , loading time for sheet j

Lj , length of sheet j

Wj , width of a sheet j

Mj , Area of sheet j

X , number of sheets required
all of the above are subject to j ∈ {1, 2, ...X}

4.2 Model Formulation

4.2.1 Cost/Value

Upon completion of the grouping of the nests, there could be some unused
material that could be salvaged at a rate rj, we will define the total salvage-
able value of sheet j as vj:

vj = rj(Mj −
n∑

i=1

Aiyij) ∀j, i ∈ {1, 2, ..., n} (4.3)

Let Tj be the total setup and material costs for sheet j then:

Tj = (O(tj + Sj) + cj) ∀j, j ∈ {1..X} (4.4)

15



4.2.2 Weight

The weight of each nest as with respect to conforming to the capacity con-
straint of the knapsack would mostly consist of Ai, the area required by it.

Ai = liwi i ∈ {1, 2..., n} (4.5)

We must also make provision for the priority constraint pi that we defined.
A high priority item will be forced to fit, regardless of the cost implications.

The inclusion of the setup time and cost that is incurred by each nest can
also be included in the weight formulation. Using this parameter in both the
cost/value and the weight sections of the item does not cause any concern
since the weight is only used as a decision tool in the weight section and does
not again get added to the cost of the nest.

4.2.3 Capacity

The capacity of each sheet would simply be defined as Mj:

Mj = LjWj , j ∈ {1, 2..., X}

In the calculation of the capacity constraint we will not be able to only
use the area (Aj) of the sheets, but we will also have to look at the respected
lengths (Lj) and widths (Wj). This is better explained in Appendix B
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4.2.4 Objective function

The goal of the model as discussed in section 2.1 is to reduce the cost of
the cutting operation and to correctly sequence the nests. This would be
accomplished by the following equation:

min(Z) = (O(tj + Sj) + cj)− rj(Mj −
n∑

i=1

Aiyij) (4.6)

subject to

n∑
i=1

liyij ≤ Lj ∀j, i ∈ {1, 2, ..., n} (4.7)

n∑
i=1

wiyij ≤ Wj ∀j, i ∈ {1, 2, ..., n} (4.8)

n∑
i=1

X∑
j=1

yij = 1 j ∈ {1, 2, ..., X}; i ∈ {1, 2, ..., n} (4.9)

(4.10)

[4.7;4.8] Sets the restriction that any sheet’s capacity cannot be exceeded.
[4.9] Limits the decision parameter to only assume {0,1} and ensures that
all nests are cut.

This model does not take into account the forced insertion of a high priority
nest, this will be coded into the the model by using a simple if -statement.

The nest will be divided into 3 groups. Nests that can only by processed
on a specific router due to the cutting tools that it requires (group 1 & 2),
and nests that can be cut on either of the two machines (group 3).

Each machine will then be assigned its own ”knapsack”. The selection of
items from group 3, will be done on a first in, first out basis, this means that
the first machine that can use a specific nest from group 3, will do so, this is
illustrated in figure 4.2.
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Figure 4.2: Outline of Parts to Machines

4.3 Dynamic Programming

If we formulate the model as shown in the previous section as a dynamic
programming problem we obtain the following result:
We first need to additionally define :

ft(Mj) , minimum cost incurred on sheet j with capacity Mj, that is
filled with nests t, t + 1, ..., n where n is the available nests.

ft(Mj) = ft−1(Mj) if At ≥ Mj (4.11)

ft(Mj) = min{ft−1Mj, O(st + tt) + ft−1(Mj − At)} if At ≤ Mj (4.12)

Atytj ≤ Mj (4.13)

At, Ost ≥ 0 (4.14)

[4.11] If nest is bigger than available sheet area.
[4.12] Nest is smaller than available area.
[4.13,4.14] Limits the control variables and nest sizes to be larger that 0.
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Chapter 5

Model Implementation

5.1 Data

This section links the variables as defined in the previous chapter with the
data as collected. Due to some disclosures and confidential information poli-
cies surrounding the material types and costs involved, the data had to be
scaled and adjusted. The functionality and output results of the adjusted
data is accurate enough to illustrate the models operation.

5.1.1 Nests

The nest’s data that was collected was tabulated as illustrated in table 5.1.
The nests were numbered and all relevant attributes and requirements were
documented.

For the purpose of doing relevant comparisons and analysis, groups of 100
nests were used.

5.1.2 Routers

As discussed in the previous chapters, each router only has a limited cutting
tool carrying capacity, thus each router only has a limited range of tools
available. The tool bits each router contains is tabulated in table 5.2.

The variable Rikb of the nests describes the corresponding tool that is re-
quired to perform the cut on it. Ex. R125 means that nest 1, requires for its
secondary (2) cutting bit, cutting tool 5. This is also used in the assignment
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Table 5.1: Extract From Nests Data list
Nest Length Width Area Priority Cutting Tools Time

Number li wi Ai pi Ri1b Ri2b si

1 800 400 320000 1 4 5 6
2 660 220 145200 2 4 8 3
3 500 1200 600000 1 7 2 9
4 700 550 385000 1 10 4 7
5 1200 350 420000 1 8 2 3
6 990 660 653400 1 8 7 7
7 400 330 132000 1 9 3 3
8 500 550 275000 1 6 2 5
9 300 660 198000 0 6 7 2
10 400 1350 540000 1 4 5 8
11 350 880 308000 1 4 5 6
12 450 710 319500 1 3 1 4
13 780 330 257400 1 7 6 8
14 340 800 272000 1 6 3 9
15 350 1050 367500 2 9 3 11
16 1200 600 720000 1 3 4 4
17 550 600 330000 1 4 5 3
18 1100 740 814000 2 9 10 6
19 350 940 329000 1 3 9 17
20 1000 670 670000 1 2 2 3
...

...
...

...
...

...
...

...

of the nests to a specific router.

5.1.3 Sheets

The properties of the aluminium sheets that are used, is tabulated in table
5.3. There are two different sizes of sheets that are used, the smaller of the
two is used on router 2.

5.1.4 Operator

The cost of employing an operator (O) for one hours work was calculated at
R100.
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Table 5.2: Cutting Tools of the different machines

Machine Cutting Bits
Router 1 1 2 3 - - 6 7 8 - -
Router 2 - - 3 4 5 - - 8 9 10

Table 5.3: Sheet Information
Sheet Type Cost (R) Scrap Value Loading Time Length Width Area

cj rj tj Lj Wj Mj

AluARC 4000 0.12 10 2000 2500 5000000
AluARC 5000 0.13 15 2000 3000 6000000

5.2 Output

The output of the model groups the different nests and allocates these groups
to specific sheets. The prioritised nests are placed within the first two sheets
that are cut, depending on where they fit best. Tables 5.4, 5.5 tabulates
the allocations made for the first 100 nests in the data set using the created
model.

Table 5.4: Nesting Sequence 1

Nesting Sequence:Router 1
Sheet 1 Sheet 2 Sheet 3 Sheet 4 Sheet 5

82 89 16 72 61
18 95 65 57 54
93 91 69 52 79
88 87 73 30 21
67 100 25 81 23
92 75 71 42 83
51 78 17 10 15
37 90 66 41 1
27 60 19 44 80

2 4 68 29
50 38 11 33
35 85 36

7 98
34
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Table 5.5: Nesting Sequence 2

Nesting Sequence:Router 2
Sheet 1 Sheet 2 Sheet 3 Sheet 4

94 56 5 12
64 62 99 39
77 76 53 3
84 70 24 45
47 63 22 28
46 74 20 32
86 14 40 49
58 13 43 97

96 6
8 48
26 55
31

A graphical example of these nest allocations can be seen in figure 5.1
where the first 3 sheets of Router 1 are illustrated.

The relevant sheet data is also tabulated in table 5.6. The table contains
the utilisation and costs as calculated by the model.

The models results was compared to 3 different nesting strategies, Biggest
First, Fastest First and using the sequential numbering as the nests were
launched from the designers. The last method mentioned is the one that is
currently employed at Aerosud. These method’s sheet information can be
seen in Appendix C.
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Figure 5.1: Nests Packed on Sheets

23



T
ab

le
5.

6:
S
h
ee

t
R

es
u
lt

s
F
ro

m
M

o
d
el

R
ou

te
r

1
S
h
ee

t
N

u
m

b
er

1
2

3
4

5
A

re
a

A
va

il
ab

le
60

00
00

0
60

00
00

0
60

00
00

0
60

00
00

0
60

00
00

0
S
h
ee

t
L
oa

d
in

g
T

im
e

15
15

15
15

15
A

re
a

U
se

d
59

17
30

0
58

81
40

0
58

14
90

0
57

41
90

0
52

94
00

0
U

ti
li
sa

ti
on

0.
98

62
0.

98
02

0.
96

92
0.

95
70

0.
88

23
S
cr

ap
A

re
a

82
70

0
11

86
00

18
51

00
25

81
00

70
60

00
N

es
t

P
ro

gr
am

m
in

g
T

im
e

45
.0

82
.0

78
.0

73
.0

82
.0

S
cr

ap
V

al
u
e

76
.9

2
76

.4
6

75
.5

9
74

.6
4

68
.8

2
S
h
ee

t
C

os
t

50
23

.0
8

50
85

.2
1

50
79

.4
1

50
72

.0
2

50
92

.8
4

R
ou

te
r

2
S
h
ee

t
N

u
m

b
er

1
2

3
4

5
A

re
a

A
va

il
ab

le
50

00
00

0
50

00
00

0
50

00
00

0
50

00
00

0
-

S
h
ee

t
L
oa

d
in

g
T

im
e

10
10

10
10

-
A

re
a

U
se

d
48

51
60

0
48

03
30

0
48

00
60

0
39

14
70

0
-

U
ti

li
sa

ti
on

0.
97

03
0.

96
07

0.
96

01
0.

78
29

-
S
cr

ap
A

re
a

14
84

00
19

67
00

19
94

00
10

85
30

0
-

N
es

t
P

ro
gr

am
m

in
g

T
im

e
44

.0
51

.0
80

.0
70

.0
-

S
cr

ap
V

al
u
e

58
.2

2
57

.6
4

57
.6

1
46

.9
8

-
S
h
ee

t
C

os
t

40
31

.7
8

40
44

.0
3

40
92

.3
9

40
86

.3
6

-

24



Chapter 6

Results

The main idea of implementing the model was to try and achieve the results
as were defined in the project objectives.

The comparison between the developed model and the three other meth-
ods were measured by the number of sheets required (the material costs), the
operator costs and the combination of these costs.

Looking at the data given in tables 5.6, C.1, C.2, C.3, we can summarise
the key results of the different methods in Table 6.1.

Table 6.1: Output Comparison Summary

Method
Developed Biggest Fastest Time Generated

Model Size First First Number
Cost of Sheets 41000 50000 46000 46000
Cost of Operator 1200 1241.67 1225 1225
Salvaged Material 592.88 1751.14 1151.14 1151.14
Total Cost Incurred 41607.12 49490.53 46073.86 46073.86
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6.1 Operator Costs

If we look at the cumulative operator costs incurred by the different methods
as the sequencing of the nests progressed and the number of sheets increased,
we can clearly see that the methods deliver varying results. Figure 6.1 illus-
trates this variation in operator costs.

The operator costs increased drastically as the number of sheets required
also increased. This is because each sheet needs to be loaded and setup on
the machines prior to the commencing of the cutting process.

The additional loading times of the sheets was the only cause of variation
in operator costs in this instance. The reason for this is that the program-
ming of the nests into the machines collectively equate to the same amount
of time in each method. This is illustrated graphically in Figure 6.2. The
setup times however are uniquely distributed over the sheets in each case.

The results achieved by the developed model, outperformed the other
methods and resulted in the reduction of the operator expenses. The greedy
approach of constantly trying to group the nests to achieve the fastest pro-
gramming time for each consecutive sheet, parallelled the results achieved by
using the nesting sequence as generated by the designers that do the launch-
ing of the parts. The least favourable results was achieved by sequencing
the parts using the ”Biggest Parts First” method. The cost are tabulated in
Table 6.2.

Table 6.2: Operator Comparison Summary

Method
Developed Biggest Fastest Time Generated

Model Size First First Number
Cost of Operator 1200 1241.67 1225 1225
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6.2 Material Utilisation

The material utilisation factor gives an idea of how efficiently the nests where
scheduled and placed onto the sheets. A high utilisation factor indicates that
there is a minimal amount of scrap material after all the parts have been cut.
The scrap however can be salvaged at a fixed rate per square unit of material.

The utilisation factors of the different methods are given in Table C.4,
and is graphically illustrated in Figure 6.3.

The anomaly that occurs on sheet number six and eleven on the figure is
due to the severe under filling of the specific sheets by the three comparative
methods.

Sheet six is the last sheet of Router 1 that is used by these alternate
methods and the material required is far less than what is available on the
sheet, thus the poor utilisation. If the test sets were increased, the anomaly
would still occur on the last sheet of a router set sequence, this due to the fact
that all of the parts need to be cut, even if this requires an additional, under
utilised, sheet. Looking at the utilisation factors (Table tab:utilsummary)
this holds true for all of the different methods.

The developed model however succeeded in using only 5 sheets for Router
1, and 4 sheets for Router 2 - utilising the material far better that the other
methods, this is also clearly illustrated in the figure.

6.3 Overall Cost

The most significant result that was obtained from running the developed
model was the reduction of overall costs involved in the process. If we look
at Figure 6.4 it is clear that the developed model is far less costly to employ
than any of the comparative methods.

The reduction of the number of sheets required to produce the nests, not
only reduces the cost, but it also increases the throughput of the process.
By reducing the overall setup times, more parts can be produced and this in
turn increases the productivity.
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Chapter 7

Conclusion

Correctly sequencing and grouping nests of parts together for cutting has a
great cost saving potential in sheet-metal manufacturing. It does not only
reduce the material required, but also improves the setup times, which in
turn reduces the operation costs.

We looked at environments with similar nesting and sequencing aspects
through a substantial literature review, and then combined some of their
attributes and constructed an algorithm based on a knapsack problem using
dynamic programming.

The model that we developed in Matlab was used to schedule a number
of parts cutting orders and the surrounding data was compared to three dif-
ferent methods of scheduling as applied in areas of industry.

The developed model outperformed the comparative methods in all as-
pects of the process, namely: the reduction in setup times, the reduction in
material usage, the reduction in operator expense and the reduction of the
overall costs of executing the process.

The model developed has many advantages, it generates a sequence for
cutting the different parts while attempting to reduce the overall costs in-
curred by the process. Simulation with different sets of test data has proven
the model’s effectiveness in reducing setup times and material usage, directly
reducing the overall costs incurred in the process.
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Appendix A

Allowing for Rotation

Figure A.1: Rotation of nests

To allow for rotation we will need to define a second set of attributes to
each nest. This would be nothing more than inverting the length and width
of the nest.

l′i = wi

w′
i = li

We can then use a if statement coupled with a {0, 1} decision variable to
ensure that only one set of values gets used, either {l′i, w′

i} or {li, wi}.
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Appendix B

The Area

Figure B.1: Sheet and Nest dimensions

We need to be careful when formulation the model as to ensure that the
nests actually fit onto the sheets.
If we look at image B.1 we see three squares. If A represents the sheet with
area Aa = 16, and B and C represents nests with area Ab = 9 and Ac = 4
respectively, the following situation could arise:
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Since Ab+Ac ≤ Aa, simply imposing the condition that the combined area
of the nests needs to be smaller than that of the sheet would not be sufficient.

Figure B.2: Nesting Problem

We will need to specifically impose the condition that the combined width
as well as the combined length of the nests needs to stay within the available
length {Lj} and width {Wj} of the sheet, working solely with the areas would
be problematic.
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Appendix C

Output Data
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Appendix D

Basic Model Functioning

D.1 Model Development

The initial development of the model in Matlab was only to obtain a simple
working Knapsack solver. This solver only requires the value and weight
of an item. It then takes the specified capacity and applies the dynamic
programming formulation to equate the best selection of items to maximise
overall value whilst keeping within the capacity limit.

D.1.1 A Simple Example

The Inputs

Table D.1: Input Values

Item # Size Value

1 4 2083
2 8 2842
3 3 1315
4 4 438
5 5 789
6 6 672
7 3 307
8 1 292
9 2 92
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Table D.1 specifies the input items used in the example. These items was
fed into the model with a specified capacity of 20.

The Calculation

The model basically applies the dynamic programming recursion to compute
the best value at each stage given the remaining items and limiting capacity.
It then writes these values into a matrix. A search function is then called
to trace and select the items that would maximise the overall value of the
knapsack.

Table D.2: Computational Matrix

Capacity 1 2 3 4 5 6 7 8 9

1. 0 0 0 0 0 0 0 292 292
2. 0 0 0 0 0 0 0 292 292
3. 0 0 1315 1315 1315 1315 1315 1315 1315
4. 2083 2083 2083 2083 2083 2083 2083 2083 2083
5. 2083 2083 2083 2083 2083 2083 2083 2375 2375
6. 2083 2083 2083 2083 2083 2083 2083 2375 2375
7. 2083 2083 3398 3398 3398 3398 3398 3398 3398
8. 2083 2842 3398 3398 3398 3398 3398 3690 3690
9. 2083 2842 3398 3398 3398 3398 3398 3690 3690
10. 2083 2842 3398 3398 3398 3398 3705 3705 3782
11. 2083 2842 4157 4157 4157 4157 4157 4157 4157
12. 2083 4925 4925 4925 4925 4925 4925 4925 4925
13. 2083 4925 4925 4925 4925 4925 4925 5217 5217
14. 2083 4925 4925 4925 4925 4925 4925 5217 5217
15. 2083 4925 6240 6240 6240 6240 6240 6240 6240
16. 2083 4925 6240 6240 6240 6240 6240 6532 6532
17. 2083 4925 6240 6240 6240 6240 6240 6532 6532
18. 2083 4925 6240 6240 6240 6240 6547 6547 6624
19. 2083 4925 6240 6678 6678 6678 6678 6839 6839
20. 2083 4925 6240 6678 7029 7029 7029 7029 7029

The way the search function works is, it starts by looking at value in the
bottom right hand corner 7029. This value represents the maximum obtain-
able value using the input items and specified capacity.

The function then traces this maximum value from right to left in the
bottom row until there is a decrease in value, once this happens it looks at
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the top of that column and includes the item with corresponding number 5
in the knapsack.

It then deducts the chosen item’s weight from the total remaining capac-
ity 20 − 5 = 15 and then repeats this process, only starting from the row
representing the remaining capacity 15.

This is repeated until the knapsack’s capacity is reached, or the remaining
items are larger than the available capacity. The results are displayed in table
D.3.

Results

These are the items that would, if selected, maximise the overall value of the
knapsack. Their respected contributions with regards to weight and value
are shown.

Table D.3: Output Values

Item # Size Value

1 4 2083
2 8 2842
3 3 1315
5 5 789

20 7029
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