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Abstract:  

This paper describes the problems associated with determining deadlines for handling produc�on orders during the 

orders combina�on process in order to op�mize nes�ng. The analyzed problems relate to an automated nes�ng system 

in which produc�on orders come in via the Internet and are processed automa�cally, and with minimum operator inter-

ven�on. The ar�cle describes the issues of cu�ng op�miza�on in the manufacturing system based on a water cu�er. 

The op�miza�on process is closely associated with the genera�on of produc�on schedules for current orders base. Par-

�cular a�en�on is focused on the analysis of problems arising from the omission of the human role in the processing of 

orders, scheduling and decision-making processes.   

CALCULATION OF THE DEADLINES FOR NESTING WITH  

THE POSSIBILITY OF COMBINING ORDERS 

INTRODUCTION 

The issue of produc�on scheduling in automa�c manu-

facturing systems for nes�ng has been raised in a number 

of scien�fic publica�ons. This paper discusses the problem 

of scheduling small batch produc�on using algorithms to 

op�mize the cu�ng of sheet metal. Subsequent chapters 

present the problem occurring in the metal cu�ng process; 

the problem of ambiguous determina�on of scrap, the de-

scrip�on of the automated manufacturing system imple-

men�ng the nes�ng and the algorithm for the opera�on of 

the system. The problems of scheduling processing opera-

�ons occurring in such systems have also been described in 

detail. 

THE PROBLEM OPTIMIZATION OF CUTTING MATERIAL 

One frequently studied problems of cu�ng is an issue 

that can be described as rod cu�ng. It is an issue for one-

dimensional elements. It can be encountered when there is 

a number of items of specific lengths are set one a#er the 

other. The material to be used for the execu�on of the or-

der is in the form of rods, and has a predetermined length. 

The task to op�mize involves such arrangement of the cut 

elements as to reduce the number of the rods used to a 

minimum. This problem is analogous to the alloca�on of 

memory cells. The issue has been widely described in items 

[2, 3, 5, 10]. 

Another issue, raised equally o#en, is the case of cu�ng 

a roll of material. It can be specified in the following man-

ner. A material is given with the dimensions (X,Y), wherein 

the X dimension shall refer simultaneously to the length of 

the en�re roll of the material and the dimensions of the 

table where cu�ng will be carried out. In the literature you 

can encounter 2 ways of describing the shape of the cut 

pieces. The first way is to inscribe the cut shape into a regu-

lar shape – rectangle, square. The second method applies 

complex geometric calcula�ons. The criterion here is the 

maximum u�liza�on of the material, i.e. the largest possi-

ble number of elements cut out [1, 4, 6, 7, 8, 11]. Depend-

ing on the par�cular company's way of working, there are 

also several ways of grouping the cu�ngs in batches. 

A deriva�ve of the coil cu�ng issue is the sheet cu�ng 

issue. Hard materials can be made only in the form of 

sheets with dimensions adapted to the constraints posed 

by the modern means of transport. When it comes to the 

sheets, they are transported on pallets, so the dimensions 

of the material depend on the size of the pallet, usually 

having a width of 1000, 1250 or 1500 mm and a length of 

700 mm to 12,000 mm. The most common standard sheet 

size is 1000x2000 mm, 1250x2500 mm, and 1500x3000 

mm. The dimensions of the sheets of glass and stone are 

similar. Plas�c panels are manufactured in standard sizes 

but smaller sheets can be ordered. The problem of op�miz-

ing the cu�ng of sheets is similar to coil cu�ng. In the for-

mer case, the table on which you are cu�ng determined 

the limits for dimensions. In the case of sheet cu�ng, the 

sheet's dimensions are what determines the dimensions of 

the working surface. 

A number of typical cu�ng technologies are currently in 

use. One can men�on acetylene torches, plasma cu*ers, 

laser cu*ers, cu�ng plo*ers, milling plo*ers, and water 

cu*ers. Each of these technologies has its own unique ad-

vantages and disadvantages. The choice of technology de-

pends on the type of workpiece. Different cu�ng technolo-

gies also require different ways of fixing the workpiece 

sheet and the punched element. Depending on the cu�ng 

technique, different work tables are available, the construc-

�on of which may limit the ability to cut out some shapes. 

In the nes�ng process, it o#en becomes necessary to pro-

Andrzej JARDZIOCH, Jędrzej JASKOWSKI 

West Pomeranian University of Technology, Szczecin 

Key words: nes�ng, simula�on model, deadlines  

DOI 10.12914/MSPE-04-01-2015 



 

Management Systems in Produc�on Engineering 1(17)/2015                                                                                                                                                                            

A. JARDZIOCH, J.JASKOWSKI - Calcula�on of the deadlines for nes�ng with the  possibility of  combining orders                                       23 

vide "bridges" connec�ng the cuts. The func�on of 

"bridges" does not allow for separa�on of the cut pieces 

and prevents them from shi#ing during the process. In the 

next stages of the produc�on process, the "bridges" must 

be manually removed. This results in addi�onal costs, alt-

hough this problem is closely related to the machine's tech-

nology of opera�on and there is no clearly defined way of 

solving it. 

THE ISSUE OF MATERIAL EFFICIENCY 

In scien�fic studies, one may come across the approach 

that the le#overs a#er the cu�ng process are conceptually 

treated as waste. However, there are clear defini�ons that 

allow deciding whether the part of sheet metal remaining 

a#er the cut is just a waste or can be used to cut smaller 

pieces. This problem is par�cularly important nowadays, 

when one of the most important indicators describing the 

opera�on of a company is the efficient use of environmen-

tal resources, and ac�ng in accordance with the paradigm 

of sustainable development. In this case, one should make 

an effort and think about how to use the material, which 

has so far been treated as waste. 

In the plants involved in the cu�ng of sheets, there are 

two types of waste. The first type is the waste that can be 

called a complete waste. This type of waste is only suitable 

for recycling. The second type of waste is the so-called 

"technology waste" that can be used in the future for 

cu�ng elements of small dimensions or specific shapes. 

Determining whether the material remaining a#er cu�ng is 

suitable for further cu�ng is s�ll a problem that is difficult 

to clarify unambiguously. To determine whether the resi-

due a#er cu�ng is s�ll suitable for use, one must take into 

account several factors, such as: the smallest shape possi-

ble to cut, the smallest size of the material possible to fix, 

the transport capacity, the manner of storage and custom-

er preferences. Each of these factors limits the way of de-

fining the material. Introducing simplifica�ons in the form 

of surface material record is not applicable in this case, and 

can only be used as informa�on for sta�s�cal purposes, as 

it may happen by chance that the remaining material occu-

pies a large total area, but its shape makes it impossible to 

store, transport or no feasible shape would fit it. One of the 

ways to increase the reusability of the material is such de-

ployment of the cut pieces, so as to give the element 

formed a#er cu�ng a shape as close to a rectangle as pos-

sible. In this way, waste formed in the shape of a rectangle 

can be successfully treated as full sheet, although of small-

er size. 

AUTOMATED SHEET CUTTING ON THE EXAMPLE  

OF E-PRODUCTION 

The processes occurring in the nes�ng process will be 

presented on the example of e-Produc�on [9]. The system 

works fully automa�cally and autonomously, and all ex-

is�ng technological opera�ons take place without human 

interven�on. To reach the largest number of customers, 

customer contact takes place by remote communica�on via 

Internet connec�vity [9, 12]. A specially designed website 

with relevant decision-making algorithms allows placing 

orders in the system. Other order processing algorithms 

then determine the produc�on capacity and es�mate the 

due date. The order then goes to the produc�on on a ro-

bo�c sta�on, and finally the ready pieces are packed and 

shipped to the customer. 

Such an approach to the produc�on process is associat-

ed with a lot of issues that usually lie within the responsibil-

ity of the human operator. Es�ma�ng the date of execu�on 

of the order is an issue that is difficult to define. From the 

customer's point of view, the buffer stock of �me used in 

tradi�onal plants should be as small as possible. On the 

other hand, determining the deadline for the comple�on of 

processing affects the sheet's transport �me, cu�ng �me, 

control measurements and the possibility to combine or-

ders and use the material. 

The issue of sheet cu�ng op�miza�on, men�oned in 

the previous chapters, and the strictly related problem of 

se�ng a deadline of an order can be defined as NP-hard 

(nondeterminis�c polynomial �me Algorithm) [9]. This 

means that the �me required to find the op�mum solu�on 

grows exponen�ally with the complexity of the problem. 

This ar�cle will describe in detail the issue of designa�ng 

the date of comple�on of a single order with regard to pro-

cedures for connec�ng it to other orders in order to mini-

mize the technological waste produced during produc�on. 

THE IMPACT OF SCHEDULING ALGORITHMS ON THE DEAD-

LINE FOR THE COMPLETION OF ORDERS 

Scien�fic publica�ons related to the problem of cu�ng 

treat the issue of cu�ng op�miza�on as a problem only 

involving the material itself. They merely find such an ar-

rangement of pieces on the cut sheet so as to leave as li*le 

waste as possible. In this ar�cle, we extended the problem 

of cu�ng op�miza�on with an issue associated with 

mee�ng the deadlines of comple�on. This issue is of par�c-

ular importance for the produc�on of small batches and 

individual pieces, when in order to carry out orders, the 

sheet is o#en used incompletely and at the same �me 

there is a need to combine different orders. When the plant 

takes orders from private customers, it o#en has orders to 

make a few pieces of the product, which can occupy a small 

area of the material. To reduce the resul�ng waste, one can 

combine orders from several clients. Fig. 1 shows a scheme 

implemented by the operator to combine orders. 

Fig. 1 shows a schema�c of a process of "manual" com-

bining of orders. It can be described as follows: the opera-

tor gets a set of orders to be executed. Each order has a 

described shape, material type and the number of pieces to 

be made. Working under the FIFO principle, the operator 

enters the subsequent order into the system and checks 

how the nes�ng looks. As soon as the sheet is exceeded, 

the last order entered is removed. The previously entered 

orders can be called a cut package that will be made of a 

single sheet. 

This way of working is o#en observed in small compa-

nies that do not have advanced so#ware. Since many ac�vi-

�es are dependent on the operator, determining �me limits 

for the performance of contracts takes place on the basis of 

es�ma�ng the �me of their execu�on, and is highly biased. 

In the case of the considered automated manufacturing 

system, a module for combining produc�on orders is 

equipped with an algorithm that allows selec�ng orders, 

the combina�on of which will give the best possible use of 

material. To ensure the best possible use for the material, 

one should consider all the orders contained in the data-

base. The combining algorithm must then search all possi-

ble combina�ons of orders. The number of connec�on pos-

sibili�es is a combina�on without repe��on. 
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This means that with the increasing number of orders, 

the number of solu�ons is (Table 1): 

− for 1 order, the solu�on is: 1, 

− for 2 orders, the new possible combina�ons are: 2 

and 12, 

− for 3 orders, the new possible combina�ons are: 3, 

13, 23, 123, 

− for 4 orders, the new possible combina�ons are: 4, 

14, 24, 34, 124, 134, 234, 1234. 
It can be seen that the number of possible combina�ons 

of orders increases in accordance with the formula (1) 

wherein: 

 

 

 

 

S – number of combina�ons of orders, 

n – number of orders in the database, 

a – order number. 

This means that for 10 orders we will receive 1023 op-

�ons. For a database consis�ng of 50 orders their possible 

connec�ons reach the number 112,589,990,684,262. 

With so many possible combina�ons, selec�ng the best 

combina�on of orders is not easy. The basic parameter on 

which it is possible to assess the quality of the analyzed 

combina�on of orders, is to define the deadlines of the 

orders included in this combina�on and compare these 

deadlines with those scheduled. Due to the complicated 

nature of the rela�onship related to the performance of 

the manufacturing process, determining deadlines for pro-

duc�on orders included in the analyzed connec�on is possi-

ble only a#er the simula�on study of the schedule. In addi-

�on, for each set of aggregated orders inquired, it is neces-

sary to carry out the procedure to op�mize the arrange-

ment of cut orders in order to minimize the surface of the 

used metal or to minimize waste. This means that the man-

ufacturing system opera�ng in accordance with the meth-

odology of e-Produc�on should do the following: 

− determine the possibili�es of combining orders, 

− perform op�miza�on of cu�ng with regard to the 

surface of the sheet used, 

− carry out a simula�on process for manufacturing the 

analyzed combina�on of orders to determine the 

deadlines for individual orders included in the ana-

lyzed combina�on, 

− compare the deadlines for the comple�on of orders 

with the planned comple�on dates of orders, 

− choose the best combina�ons of orders (e.g. ones 

that do not cause delays or cause minimum delay). 

One may ask whether it is be*er to choose a combina-

�on of orders that gives more waste but allows for the exe-

cu�on of orders at scheduled deadlines, or to choose a 

combina�on that uses material be*er but generates delay. 

This is a ques�on that has no definite answer. A simplifica-

�on with regard to the computa�on �me and the �me 

needed for the simula�ons is the approach that involves 

not using the en�re database of orders, but only a por�on 

thereof. Dividing the database and taking e.g. only 10 or-

ders for analysis means that the test gets 1,023 possible 

combina�ons at a �me. 

In the case of the collec�on of par�ally used sheet met-

al in the warehouse, the issue of combining orders be-

comes even more complicated. Instead of a uniform shape 

of the sheet metal used in the nes�ng process, par�ally 

used sheets of different shapes will appear. The very deter-

mina�on of whether a single shape resul�ng from the ana-

lyzed order is possible to cut with a par�ally used sheet is a 

difficult problem. When combining orders, the system may 

consider partly used sheets of different shapes. This ap-

proach yields an even greater number of possible solu�ons 

and requires a computer system storing the database of 

the shapes of par�ally used sheet metal and iden�fying the 

loca�on of these sheets in stock. 

Fig. 1 Scheme of combining orders  

Table 1 

Possibili�es of combining orders  

Number of orders Number of solu�ons 

1 1 

2 1+2=3 

3 1+2+4=7 

4 1+2+4+8=15 

… … 

 (1)  ∑
=

−
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a

a
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1
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Table 2 

A set of orders executed in an automated produc�on system  

A  B   

Order number Thickness 
Number 

of pieces 

Cu�ng 

�me 

Percentage 

of the 

sheet 

 Order number Thickness 
Number 

of pieces 

Cu�ng 

�me 

Percentage 

of the sheet 

  [mm] [pieces] [s] [%]     [mm] [pieces] [s] [%] 

1 2 10 300 3   Thickness 2 [mm] 

2 3 10 900 9   1 2 10 300 3 

3 4 33 600 6   8 2 5 300 3 

4 3 28 2220 22   9 2 2 120 1 

5 5 100 1500 15   10 2 75 900 9 

6 4 40 1020 10   15 2 28 1680 17 

7 4 10 1500 15   20 2 11 1980 20 

8 2 5 300 3   21 2 13 4278 43 

9 2 2 120 1   Percentage of the sheet, total: 96% 

10 2 75 900 9   Thickness 3 [mm] 

11 5 66 1800 18   2 3 10 900 9 

12 5 10 3000 30   4 3 28 2220 22 

13 3 10 300 3   13 3 10 300 3 

14 3 17 1020 10   14 3 17 1020 10 

15 2 28 1680 17   16 3 56 3600 36 

16 3 56 3600 36   Percentage of the sheet, total: 80% 

17 5 15 1800 18   Thickness 4 [mm] 

18 4 40 2400 24   3 4 33 600 6 

19 4 32 3000 30   6 4 40 1020 10 

20 2 11 1980 20   7 4 10 1500 15 

21 2 13 4278 43   18 4 40 2400 24 

22 4 28 152 2   19 4 32 3000 30 

23 2 48 999 10   22 4 28 152 2 

24 2 95 2470 25   Percentage of the sheet, total: 87% 

25 2 35 838 8   Thickness 5 [mm] 

26 4 28 152 2   5 5 100 1500 15 

27 3 99 8920 89   11 5 66 1800 18 

28 4 22 5307 53   12 5 10 3000 30 

29 3 84 2050 21   17 5 15 1800 18 

30 3 2 5712 57   Percentage of the sheet, total: 81% 

31 5 58 3035 30             

32 5 12 7574 76             

33 3 66 3600 36             

34 3 51 8485 85             

35 2 56 9010 90             

36 3 37 3971 40             

37 3 42 2524 25             

38 3 12 6090 61             

39 3 80 18000 180             

40 3 19 1379 14             

41 2 60 6183 62             

42 3 4 8284 83             

43 2 9 2210 22             

44 2 60 8100 81             

45 2 2 5400 54             

46 2 35 85 1             

47 2 76 9592 96             

48 2 80 9500 95             

49 2 90 3600 36             

50 2 34 2280 23             
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EXAMPLE OF MANUFACTURE ORDER SCHEDULING  

INCLUDING MAXIMIZED USE OF METAL SHEETS 

The study included carrying out an example of schedul-

ing produc�on orders with respect to their combina�ons 

and maximizing the use of sheet metal. To carry out the 

tests, a simula�on model has been developed for an auto-

mated manufacturing system and simula�on studies were 

conducted. It was assumed that all transport opera�ons are 

automated. An ini�al set of 50 orders was randomly gener-

ated as presented in Table 2 A. 

For the assumed set of 50 orders, the procedure of 

manually grouping orders was performed seeking to max-

imize the use of sheet metal. Manual grouping took about 

30 minutes. 4 order packets were obtained, depending on 

the thickness of the material. This way, the orders 1-22 

were collected as shown in Table 2 B. For 2mm the combi-

na�on includes orders 1,8,9,10,15,20,21 giving a total of 

96% material usage. For 3mm the combina�on includes 

orders 2, 4, 13, 1, 16 giving a total of 80% material usage. 

For 4mm the combina�on includes orders 3,6,7,18,19,22 

giving a total of 87% material usage. For 5mm the combina-

�on includes orders 5, 11, 12, 17 giving a total of 81% ma-

terial usage. For the purposes of simula�on it was assumed 

that the machines start work at 8:00 am. 

The obtained deadlines for the manufacture are shown 

in Table 3.  

The study allowed us to draw some interes�ng conclu-

sions. As can be seen, the proposed combina�on of orders 

results in that the orders are not executed in the order of 

their registra�on in the system, but depending on the pa-

rameters related to the required sheet thickness and 

shape. For example, order No. 3 will be performed only 

a#er 6 pm, and order number 5 almost at 10 pm. It should 

be noted that determining the end �me of execu�on is 

possible only when the orders have been combined in sets 

and tested by simula�on. Only on this basis one can inform 

the customer when the order will be completed. 

It is possible, however, to group orders in another way. 

By searching the en�re database of orders, one can select a 

different set of orders executed together using sheet metal 

with a thickness of 2 mm. These could be the orders num-

ber: 9, 10, 15, 20, 21, 23. This combina�on results in a very 

good (near 100%) u�liza�on of sheet metal with a thickness 

of 2 mm. However, adop�ng such a combina�on will result 

in that the orders No. 1 and No. 3 are not made in the first 

place and their dates of comple�on will delay even more. 

 

SUMMARY 

The joint considera�on of the problem of combining 

cu�ng produc�on orders in order to minimize the waste, 

and the problem of scheduling orders to ensure �mely 

comple�on is a new issue and unprecedented in the litera-

ture. Although said issue was described on the example of 

a single-unit system, its solu�on is related to the construc-

�on of complex op�miza�on models of NP hard complexi-

ty. Furthermore, in the case of building a fully automated 

system, there are many decision problems which, in tradi-

�onal systems, are solved by skilled personnel on the basis 

of unclearly defined heuris�c knowledge. Using algorithms 

based on ar�ficial intelligence is proposed to solve these 

problems. A very useful tool in determining the produc�on 

turnaround proved to be an adequately prepared simula-

�on model. Through simula�on research, it was possible to 

recreate the produc�on process, together with a quick de-

termina�on of the �me limits for the comple�on of produc-

�on orders, an analysis of the results and making adjust-

ments accordingly. Each change in the ini�al scheduling of 

produc�on orders affects the sets of orders and requires 

repea�ng the simula�on process. As a result of the imple-

mented studies, the quan�ta�ve effect of combining pro-

duc�on orders on their comple�on deadlines was deter-

mined, and the scheduling procedures that can be applied 

were iden�fied. 
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