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Abstract. The constructive preparation of industrial production aims at determining the
physical and chemical properties, the external appearance and other elements regarding
quality, which shall allow the product in question to meet the requirements of national
economy in the fields of usage and consumer requirements. The starting point lies in the
knowledge of the pursued goal, i.e. the product type and the requirements it must meet
in terms of consumers and national economy. The knowledge of the destination of the new
product and the usage thereof determines the technical solutions to be adopted.
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Introduction
The constructive design activity is influenced by several factors, such as:
operating conditions; the means of accomplishment of the structural conception
of the construction of the new product; the means of material accomplishment
of the product’s construction; savings in manufacturing and operation.
The establishment of the optimal solution implies both the knowledge of the
system of connections between factors and the determination of those factors with
a high influence on the given solution. Thus, the functions of the product, the constructive solution, the shape of parts and materials, the technologies of execution
and the level of costs lie at the centre of the system of connections between the
factors finally determining the optimal solution.

1. The constructive preparation
According to the methodology, the conception of new products includes:
– the elaboration of the design topic and the feasibility study, which include the
initial basic data, depending on which the technical project and the execution
drawings shall be made;
– the elaboration of the technical project includes: the main calculation elements
of the product, the global and sectional drawing, the tender book;
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– the elaboration of execution drawings completes the constructive preparation
activity of the new product and is elaborated on the basis of the technical project, showing in detail all the constructive elements for each part, benchmark,
half-finished product or sub-assembly of the new product. The technology for
the manufacture and performance of the product within the company’s sections
shall be elaborated on basis thereof. Technical drawings also include technical
service and maintenance notes for various parts or assemblies.
The method of value analysis referring to the product is used for the successful
constructive preparation of the product, as the product only carries usage value. For
the application of this method, the functional characteristics of the product are
more important than the structural ones, as focus is given to the analysis of product
functions.
Product functions may be grouped into: usage functions (objective, directly
measurable and noticed by the user); appreciation functions (subjective, hardly
measurable, directly noticed by the user); constructive connection functions
(objective, measurable, only perceived by the user in negative display).
Useful functions are only those contributing to the accomplishment of the usage
value of the product in question.
According to the opinions in the specialised literature, the components of the
value of a product are the following: the wishes of customers who possess financial
resources, but who are not satisfied and who represent what we call market; the use
of the product for such customers, i.e. it has to meet certain market requirements;
the product variety or the difficulty to obtain it; the total cost for the customer,
which the latter desires to be as low as possible; the customers’ possibilities to
choose, i.e. the existence of competition.
The interaction of these elements results in the definition of the value of an industrial product, as determined by the special relationship between utility and cost,
which depends both on the customer’s wishes and his/her resources, in a certain
given situation.
Human need has defined value in several ways, as follows: usage value,
exchange value, esteem value, market value, customer value.
In terms of value analysis the aspects of economic value may be classified into:
usage value, estimation value, exchange value, market value.
The implementation of this method requires the organisation of specialised
work groups. In setting up such groups, the professional knowledge of members
must be assessed, so that the balanced combination thereof should result in meeting
product requirements. As a principle, these groups are on average made up of five
people, with a minimum number of three and a maximum of seven. The set up
group shall establish its own work plan.
The value analysis follows the general model of scientific methods, i.e. problem
solving and innovation application in a workgroup characteristic to group dynamics
and implies undergoing the following phases:
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– the initial phase of value analysis, when the group elaborates the information
sheet, solving the following issues: the identification of the project (work); the
definition of the study field; the determination of the product quantity and life;
marketing conditions; revision of cost-related data; the collection of additional
required information; the use of unsolicited information; the presentation of the
most important facts;
– the analytical phase, when answers shall be given to the following questions
(Tab. 1): What does the product do?; How much does the product cost?; How
much should the product cost?
– the creation phase, when solutions for the following issues are tried out: How
can the product be improved?; Can innovations be made?; Is there a possible
simplification of the issue?;
– the evaluation phase considers the measurement of the results of the creative
activity, solving the following issues: the possible application of the Combinex
method; choosing the manufacturing method; comparing value analysis options;
– checking the solutions obtained after the evaluation, that is: What does it bring
to us?; How much does it cost us?; Which are the risks?;
– any recommendations pursuant to the check of the chosen solutions, materialised in: proposing a course of action; setting up the implementation plan;
– the implementation of the adopted solutions takes into account: the factors
determining acceptance; acceptance conditions; the implementation mechanism.
Table 1
The definition and measurement of functions
The system, assembly,
benchmark or process

What functions does it
have?
F1

F2

...

Fn

Degrees
The 1st The 2nd

...

The nth

Calculated
cost

benchmark R1
.
.
.
benchmark Rn

According to the analysis of this plan, we conclude that the essence of value
analysis consists in the question: can the function of a product or an element
thereof be accomplished by reducing costs?
The answer to this question is related to the logical process in value analysis,
which basically consists of: the analysis of the way in which the product meets
certain requirements or necessities and, hence, the identification of the product
functions; establishing the costs for the parties in the material structure of the product, involved in obtaining the product functions; presenting, for each function, the
elements in the material structure serving to obtain this function and the elements
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in direct contact with the outer environment; the analysis of the conception function, independent from the company’s environment, but determined by the structure of the internal elements of the product; the analysis of the functions of each
component benchmark of the product for establishing the constructive and technological solutions resulting in the accomplishment of these functions with minimal
costs.
Value analysis must be present both in product conception and execution
phases, after obtaining the first copies, and also for the entire existence of the
product. Its purpose is to introduce, especially at the level of product conception,
the methods, knowledge and attitudes able to orient companies towards highly
economical technical solutions.
In order to reach the goals pursued by applying value analysis, we recommend
a close consideration of the following requirements: avoiding generalities, collecting
all the information available on manufacturing costs, avoiding use of uncertain
information sources, giving up the old conception, improving it or elaborating
a new one, using specialists, calculating all dimensional tolerances, using specialised technological procedures, using guidelines, rules and standards etc.
The implementation of the value analysis plan is usually carried out in seven
phases, as follows: the orientation phase, the information phase, the reflection and
creation phase, the analysis phase, the work plan elaboration phase, the phase of
the proper performance of the programme, the phase of elaboration of the results
and conclusions chart.
For simplification, we shall consider a product accomplishing two functions:
F1,F2… and made up of three benchmarks: r1,r2…r3. In the first phase, by asking
the question “Which are the tasks of this product in its current form?”, we determine the basic functions of the product, i.e. F1 and F2. In the second phase, we
examine the components of the product, i.e. benchmarks r1, r2 and r3, asking the
same question for each of them as for the product, with the resulting functions F11
and F12 for the benchmark r1; F21 and F22 for the benchmark r2 and F31 for the
benchmark r3. Thereafter, second degree functions (F11,…,F31) are classified according to the main functions, which is why the following question is asked for
each second-degree function: What do these functions fulfil? The answers to this
question must indicate one of the main functions. We get a gross chart of functions,
which, by similar methods, may be detailed up to the required level (Fig. 1).
In order to accomplish each product, expenses by functions and the share of
functions should be established. The expenses for the accomplishment of a function
are determined on the accomplish basis of the level of expenses for the accomplishment of the product and the identification of the holder of each product function. The function share shows the contribution of a partial function or a low-order
function to the accomplishment of a global function, respectively an immediately
higher order function. Based on this share coefficient, we get a final approximate
allocation of expenses for each separate function.
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CF1
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F11
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F12
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F22
r2

CF1

P11%........... P31%

F31
r3

Fig. 1. The gross scheme of product functions

2. The integration of production
The deepening of social division of work in industry results in the creation
of companies specialized in the manufacturing of benchmarks, sub-assemblies,
assemblies, products or the performance of various technological phases and steps.
For this reason, a very important issue for each industrial company consists in the
analysis of the possibility to execute, under profitability conditions, several components of the finished products, or operations, phases and technological steps, in
other specialised companies, on the basis of cooperation relationships.
Cooperation represents the system of connections established on the production
line between the companies participating in the manufacture of a complex product,
each of them being specialised in the manufacture of certain parts of the product or
in the performance of certain manufacture phases. The coordination of the activity
thereof is the responsibility of a single company, which has the purpose to deliver
the finished product on time and which is in charge of the established technical and
quality level.
These actions result in: the determination of the profile and degree of specialisation in final products of the coordinating company; the extension in the specialisation of cooperating companies in the performance of certain benchmarks or subassemblies; the creation of companies specialised in the performance of certain
operations or technological phases; the creation of advantageous conditions for
the diversification of industrial production; the reduction of the manufacture cycle
in products accomplished through cooperation etc.
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The determination of the component benchmarks of the end product of the
operations and technological phases to be performed at an internal level or through
cooperation is based on: the volume and structure of the programmed manufacturing task, the extension of production capacities and internal or cooperation manufacturing expenses related to the components or technological phases required for
obtaining the products.
This activity is rather laborious and develops in several phases, in order to
establish the option to perform the final product at an internal level or through cooperation with companies in the country and abroad, as follows:
– the determination of the structure of products and the production volume by
benchmarks and benchmarks-operations, which the option refers to, because,
for the manufacturing of each product, several benchmarks are needed which
may be grouped into: benchmarks which cannot be made by cooperation, which
is why they must be made entirely within the company; benchmarks which may
be made through cooperation, although they could be made internally in all
technological operations, and benchmarks which may be obtained internally or
through cooperation, only in certain technological operations;
– the determination of the production capacity by production chains able to perform the benchmarks or benchmarks-operations the option refers to, between
internal fabrication and cooperation, according to the following formula:
Cd = CT − Cnc − Cri

(1)

where:
Cd - represents the production capacity available for the performance of
benchmarks or operations, which can be made either internally or through
cooperation;
CT - the total production capacity;
Cnc - the production capacity of the benchmarks the option does not refer to;
Cri - the production capacity of the benchmarks and operations which can only
be made internally.
– the determination of the unitary production expenses required for obtaining
benchmarks or the performance of benchmark operations in the two alternatives, internally or through cooperation, which implies the inclusion of the
expenses generated by each alternative, depending and specific thereto;
– the elaboration of the mathematical model for choosing the manufacture alternative, resorting to mathematics. Supposing that one may accomplish products
which require m types of benchmarks, of which the first k may be done in all
operations by cooperation, and the following only in certain technological
operations and that each technological operation is made in a single production
chain, a matrix may be elaborated (Tab. 2) which results in the following linear
programming model:
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m
m
k

I
C
I
C
max ( min) ∑ (Copj
⋅ X Ij + Copj
⋅ X Cj ) + ∑ ∑ (Copij
⋅ X ijI + Copij
⋅ X ijC ) 
i =1 j = k +1
 j =1


(2)

with the restrictions:
– not to exceed the programmed quantity;
X Ij + X Cj = Q j
X ijI + X ijC = Q j

( j = 1, k )

(3)

(i = 1, m; j = k + 1, n)

(4)

– not to exceed the production capacity of the production chain:
k

n

j =1

j =k +1

∑ tij ⋅ X Ij + ∑ tij ⋅ X ijI ≤ Tdi

(i = 1,m)

(5)

X Ij , X Cj , X ijI , X ijC ≥ 0 (i = 1,m; j = 1,n)

(6)

– the non-negativity restriction:

where:
X Ij , X Cj
X ijI , X ijC

tij
Tdi

I
C
Copj
, Copj

I
C
Copij
, Copij

- represents the quantity of the Rj benchmark to be processed in all
operations in the coordinating, respectively collaborating company;
- the quantity of the Rj benchmark to be processed in the Oi operation
at an internal level, respectively in the collaborating company;
- the time required for processing the Oi operation of an Rj benchmark in the coordinating company;
- the time available in the i production chain remaining after the subtraction of the time required for processing benchmarks which do
not present the possibility of cooperation;
- the value of the optimisation criterion related to the Rj; benchmark,
in the case of internal manufacture, respectively by cooperation;
- the value of the optimisation criterion related to the Oi; operation at
the Rj benchmark, in the case of internal manufacture, respectively
by cooperation.

The integration and cooperation activity lies within the attributions of a department dealing with specialisation and cooperation issues, with the following tasks:
determining the required amount of benchmarks for the programmed production,
according to the regulations in force; determining the product benchmarks to be
accomplished by one’s own efforts and the benchmarks obtained by cooperation;
determining delivery charts with the supplier companies, for the contracted bench-
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marks; providing the performing company with technical documentation and the
other elements provided for in the tender book that lied at the basis of the contract
etc.
Table 2
The optimisation matrix for the internal-cooperation option
Operations
(i)
Benchmarks
(j)

O1
Fi

O2
C

...

Fi

C

The value
of the criterion
to be optimised Quantity

Om
Fi

C

Fi

C

Ri
.
.
.
Rn
Available times of the
production chain
Legend: Fi - internal manufacture.
C - cooperation.

In order to characterize the specialisation-cooperation activity, one must calculate the degree of integration of the production of a company, which expresses the
direct ratio it holds in the manufacture of a product, through internal fabrication.
A company is totally integrated when it does all the components and technological
sheets required for obtaining a finished product.
The extension of cooperation relations with other companies, for the accomplishment of benchmarks or benchmark operations results in the decrease of the degree
of integration of the manufacture of the company in question and, implicitly, in the
increase of the degree of specialisation of the beneficiary company.
The degree of integration of the production of an industrial company in the
manufacture of a product is generally calculated on a percentage basis, as follows:
k

∑ R Ij ⋅ C pjI
Grif =

j =1
k

∑
j =1

R Ij

⋅ C pjI

n

+∑

⋅ 100
RkC

(7)

⋅ C Cpk

k =1

where:
Grif
- represents the degree of integration in the manufacture of a product;
R Ij , RkC - the total quantity of the benchmarks or benchmark operations to be
processed internally, respectively through cooperation;
I
C
C pj , C pk - the cost of internally processing a benchmark or benchmark-operation,
respectively through cooperation.
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The calculation of the integration degree excludes product components obtained
on the market. If Gpri = 100, the company is fully integrated; otherwise, it is not.
A company may choose between fully manufacturing benchmarks or obtaining
them through cooperation, which is why it establishes an optimal level of the
degree of integration, meeting the following optimisation criteria: minimisation of
production expenses, maximisation of total profit, maximisation of the production
amount etc.
The use of each criterion results in a certain variant of the degree of integration,
from which the optimal one shall be chosen. To this purpose, we recommend
the use of several criteria: the degree of usage of production capacity, the value
of obtained profit, the increase in production expenses, the duration of the
manufacture cycle.
Table 3
The matrix of multi-criterial decision
Criteria

C1

Variants

C2

...

Cn

V1
.
.
.
Vn

We refer, hence, to making a multi-criterial decision, which may be represented
as a matrix (Tab. 3).

3. Production scheduling
In order to establish the succession of operations by machines and tools and the
optimal charging therein, one may successfully use the operational calculation
method, as production scheduling aims at minimising manufacture expenses.
Hence, the goal function is the expense function, which must meet several type
of criteria: the logical succession of operation, the non-interference conditions of
operations, the particularities of the time usage of production capacities etc.
The models which may be used are:
– determinist, with a discrete and continuous structure:
p −1

p −1

Z 0 = ∑ f [v(t )] + cs ∑ [P (t ) − C (t ) + S (o)] +
t =0

t =0
p −1

+ c p ∑ [C (t ) − P (t ) + S (o)] + pn ⋅ I 0
t =0

(8)
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and:
b
 t
Z 0' = ∫ f [v(t )]dt + cs ∫ [P(t ) − C (t ) + S (o)]dt +

a
0
d

+ c p ∫ [C (t ) − P(t ) + S (o)]dt + pn ⋅I 0 }

(9)

a

– probabilistic, with a discrete and continuous structure:
p −1

p −1

Z 0 = ∑ f [v(t )]P[v(t )] + cs ∑ [P (t ) − C (t ) + S (o)]⋅ P[C (t )] +
t =0

t =0
p −1

+ c p ∑ [C (t ) − P(t ) − S (o)] ⋅ p[C (t )] + pn ⋅ p0 ⋅ I 0

(10)

t =0

and:
T

b

Z 0' = ∫ f [v (t )]P[v (t )]d [v (t ) ] + cs ∫ [P (t ) − C (t ) + S (o) ]P[C (t ) ]dC (t ) +
a

0

d

+ c p ∫ [C (t ) − P(t ) − S (o)]P[C (t )]dC (T ) + [ pn ⋅ p0 ⋅ I 0 ]

(11)

a

where:
f(v) - represents the production function;
P(t) - resources;
C(t) - demand;
S(o) - the initial stock;
cs
- the storage cost;
cp
- the shortage cost;
p[v(t)] - probability;
p
- the number of calculation steps;
P[C(t)] şi P0 - the probability of demand, respectively of performance of the
investment;
a, b, c, d, T - limits in the variation of shortage stock and production function.
Based on these models for scheduling the production of an industrial company,
considered as an industrial system with a discrete structure, the goal function is:
 a1 a2

min Z 0 = min ∑∑ pij ⋅ X ij + pn ⋅ I 0 
 i =1 j =1


(12)
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with the following restrictions:
t j − ti ≥ tij for the succession of works

(13)

t j − ti ≥ tij ⋅ V (tiC − T jC ) ≥ ti for non-interference of operations

(14)

t j − tic ≥ ti − Tcj for the work period

(15)

Tc ≥ tic + ti − t cj for the duration of the production cycle

(16)

xj > 0; xi > 0 for non-negativity

(17)

where:
ti, tj - represents the duration of performance of the i, respectively j operation;
Tc - the duration of the manufacture cycle.
Solving the model results in establishing the size of Xij, which must meet
the system of restrictions accompanying the goal function.

Conclusions
The entire constructive preparation activity must envisage the fulfilment of
several requirements, such as: the extension of the assortment of products and the
continuous improvement in the quality thereof; the compulsory use of internal
guidelines and existing standard for designing products; pursuing the cost reduction
of the new product in comparison to similar products; the improvement of operating indicators by extending the usage duration; ensuring a concordance between
the technical and economic indicators of the new products and the requirements of
market economy; the conception of products ensuring the fulfilment of NTS as
they are performed. By fulfilling these requirements, one may ensure the diversification of production and the increase in the degree of competitiveness of products
at the world level.
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