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Abstract: In the present paper, methodology of design of gears’ size ranges has been presented.  
The proposed methodology incorporates rules of object-oriented  programming, rules of design of 
size ranges and general rules of computer aided-design. Due to this approach, several goals were 
achieved: design process has been accelerated and simultaneously its costs have been reduced.  

1. INTRODUCTION 

A design process, according to the proposed meth-
odology, consists of three fundamental activities: 
object analysis (theoretical background),  object 
synthesis (implementation) and  validation (evalua-
tion, assessment). Furthermore, within these activi-
ties more detailed phases or stages can be distin-
guished i.e. determination of a need, formulation of 
demands and constraints, object analysis, introduc-
tory and final object-oriented design, testing, intro-
ducing into the practice or usage and service.  
During the activities connected with an object analy-
sis, several tasks have been performed e.g. gathering 
of an essential information on the considered prob-
lem. This should be done in as wide and adequate 
way as possible and with subjective attitude to the 
task on the lowest possible level. 
Determination of needs is connected primarily with 
the market research performed by the marketing 
department aiming for detailed identification of the 
needs which have to be satisfied.  Several tools are 
used which allow for reasonable  assuming of the 
right direction of the designing process and then for 
proper determination of the main and less important 
goals. The hierarchical methodology is utilized 
which enables for listing the tasks according their 
priority from the most important or urgent to less 
and less significant i.e. main and minor (second-rate) 
tasks. Formulation of demands and constraints con-
sists in preparation of the complete list of demands 
and constrains as well as criterion of validation – 
what finally enables  unequivocal (interchangeable) 
formulation of the design problem. After identifica-
tion of the existed and also forecasted market de-
mands, the detailed set of our demands is prepared 

and/or rephrased for the purpose of the project pro-
cedure. 
The goal of object analysis is to describe an object 
which should be undergone to the further stages of 
the product creation process. At this phase, the de-
termined needs and formulated demands together 
with different structural connections and relation-
ships are utilized in a creative way. 
Object synthesis is connected with introductory and 
final object-oriented design. It consists of such ac-
tion as: search through the solution space for the 
considered problem as well as the design activities 
themselves what leads to creation of particular de-
sign solutions i.e. embodiment. It consists in imple-
mentation of the proposed methodology to an object-
oriented shaping of the design solutions of gears’ 
types series. 

2. OBJECT ANALYSIS OF SIZE 
RANGES 

The proposed methodology of object-oriented shap-
ing of design solutions of gears’ size ranges has been 
based upon three main groups of quantities (Fig. 1 
and 2), which can be considered as inputs to the 
process [1, 2, 3, 4]: 
● properties of object-oriented programming - they 
consists in decomposition of the complex problem 
into objects, which can be solved independently 
using five basic properties of this approach: abstract-
ing, inheriting, making hermetic, polymorphism and 
dynamical interactivity, 
● possibility of application of the graphical editor 
(LOGOCAD system) which enables parametric  
technical drawing preparation and performance, 
variant creation and utilization of object-oriented 
techniques, 
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● properties of size ranges design technique which 
enables for essential savings in designing and manu-
facturing processes due to: a possibility of single 
performance of design-research sequence of activi-
ties related to the whole size range, usage of geomet-
rical and partial similarity laws as well as usage of 
the row of so called normal numbers (according to 
the respectable standards PN ). 
The design process - which incorporates all above 
described properties and possibilities in such areas 
as object-oriented programming, size ranges design-
ing as well as usage of graphical editor – consists in 
acting according to the worked out methodology. It 
encloses the following elements: 
• phases of the design process i.e. determination  of 
a need, formulation of demands, object analysis and 
synthesis, testing, introducing into practice/usage 
and service, 
• scenario of acting in consecutive phases which 
consists in division into classes and objects, deter-
mining the attributes and methods assigned to par-
ticular classes, creating of block-schemes (diagrams) 
of data flow among the distinguished classes, mod-
els created in phases i.e.: hierarchical model, model 
item-relationship, model of data flow and object-
oriented model, 
• methods and tools of linkage between the phases, 
such as: data bases and user’s menu.   
The outcome of the utilization of the proposed 
methodology is the technical documentation created 
step by step in phases as the result of inserting more 
and more details (specification, stating the different 
types of data more and more precisely) about  the 
considered gears’ size ranges. This process leads 
finally to issuing  the package of technical drawings 
of all single elements and sub-systems (engineering 
documentation). In Fig. 3, the whole range of the 
elements of the process is presented: inputs for the 
process as well as resulting methodologies of object-
oriented shaping of design model for the gears’ size 
ranges. 
One of the methods of interpretation and visualiza-
tion of the proposed methodology is drawing dia-
grams of objects: hierarchical, item-relationship type 
and functional. The diagrams of objects enclose 
classes, for the classes also specification of attributes 
and methods, hereditary structure among the classes, 
relationships of association and aggregation, number 
of elements in these relationships, different con-
straints and the notation rules. Besides these, the 
following handy tools can be applied: hierarchical 
diagrams, diagrams item-relationship and functional 
diagrams  for particular designs which are frequently 
special mutations of data flow diagrams. The dia-
grams as visual representations, are made by means 
of graphs and represent some aspects of the consid-
ered problems or their solutions. 
Design solutions comprise  the formerly formulated 
demands for both: work duty of the technical prod-
ucts as well as future performance of these work 

duties via determination of the design solution of the 
product. Having the decided design solution and the 
hierarchical structure, the designer can single out the 
elements of the wanting solution. In the last step, the 
constructional parts reach the final design form 
needed for preparation of the technical documenta-
tion of the project. 
Classes and objects assigned to them are connected 
in particular with the range of application of the 
product. Creation of adequate classes and objects, it 
means identification of them, can be done after pre-
cise definition of these notions. Creation of objects 
depends also on precise definition of data and de-
termination of the processes.  For the purpose of 
decomposition of a problem e.g. designing of gears’ 
size ranges, the detailed data analysis has to be per-
formed. It can be done by means of models de-
scribed by the particular diagrams. 
In the considered projects, it is useful to create two 
diagrams of hierarchical models i.e. separate dia-
grams – one for spur gears and the second – for 
bevel-spur gears (Fig. 4). Creation of these diagrams 
is the first step in the process of searching and divid-
ing a problem into classes and objects. Another tool 
for objects searching is a diagram of the data flow 
system. For every object, it is necessary to establish 
a procedure of input, processing and creation of data 
sets. Through consideration of  the kit of the data 
flow diagrams, the process is decomposed into the 
primal (or primitive) elements.  Finding proper 
(suitable/useful) classes and objects during the de-
sign process is a difficult but necessary task; espe-
cially in the case when they are repeatedly used. 
Their names (identity codes) have to be chosen in 
such a manner that they describe a class or an object 
themselves and not only the functions performed by 
this class or its characteristics. 
Investigated projects, which refer to size ranges of 
spur and bevel-spur gears; – in the proposed meth-
odology – consist of three modules. These modules 
are as follows: sets, subsets and elements, such as: 
housings, shafts (of low rotational speed), pinions 
and gear wheels. As the sets, one can consider: spur 
gears or bevel-spur gears of different number of 
stages (e.g. 2, 3, 4 or 5) as well as of different layout 
of axes: linear (or expanded) and compact (or con-
voluted/arbitrary placed in 3-D space), furthermore 
box or spur type of housings are taken into account. 
As the subsets, the following shaft subsets can be 
considered i.e. bearings, geared wheels, fixing ele-
ments and versatile types of shafts: slow-rotational-
speed shaft, mediate shafts of third or second stage, 
mediate of second or first stage and high-rotational-
speed shaft, mediate bevel-spur of second or first 
stage, bevel high-rotational-speed shaft (so called 
angular countershaft). Whereas, elements can be as 
follows: housings in the form of rectangle (vertical 
cross-section) or circle, shafts, spur and bevel pin-
ions, spur and bevel gear wheels, commercial and 
standardized elements.  
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In the object-oriented design methodology, struc-
tures just determine the relationships between the 
classes and their objects together with the hereditary 
rules. Attributes of classes are the data enclosed in a 
particular class. They have adequate names and they 
determine requirements according to the storage of 
the data related to a class or an object. Methods act 
on objects i.e. attributes. They consist in determina-
tion of a routine of sequential tasks i.e. they can be 
considered as simple procedures. They act in an 
environment of a class using its information nature 
and input attributes. The method is utilized to an 
arbitrary object being direct or indirect appearance 
(representation) of the class.  In the considered and 
investigated methodology, several methods of a 
common name exist (i.e. polymorphous nature) as 
well as there is a possibility of choice of a particular 
method during its performance (dynamic intercon-
nections). These methods – in case of object-
oriented design of gears’ types series - are used for 
determination of definite (set, fixed) values of con-
structional characteristics (e.g. final geometrical 
dimensions, precision of manufacturing, roughness 
of outer surfaces etc.). 
One of these methods used in the case of series of 
types design is the method of constructional (form) 
similarity. The similarity laws refer to a types series 
in the case if a ratio of at least one physical quantity 
between the main design and a second-rate design is 
constant. Such cases allow for optimization which 
refers to every member of series of types. It means 
that having optimally created one gear set, due to 
geometrical similarity spreading on the whole range 
of gears, one can find rough initial form of the rest 
of elements of this series.  It was just said “rough 
initial” form – because sometimes some adjusting is 
necessary e.g. taking into account standard restric-
tions. 
In the algorithms used in the present paper for calcu-
lation of the parameters determining the design form 
of elements of series of types of gears (spur as well 
as spur-bevel) – the rule of geometrical similarity of 
these elements has been utilized.  In the parametrical 
calculation methods which were used in the pro-
posed methodology, especially the similarity of gear 
wheels is used because these are the basic elements 
of the considered kind of gears. In utilized algo-
rithms, the gear wheels’ parameters determine the 
overall dimensions of a housing i.e. its width, length 
and height. Thus, the width of the housing is a func-
tion of geared wheels’ widths whereas its  length and 
height depend on the addendum circumferences of 
all geared elements. These dimensions depend  also 
on distances between wheels and shafts as well as 
inner distances between the walls of a housing. 
At the stage of object analysis, the final outcome of 
the engineering calculations process is a set text files 
gathered in  databases. In the work, the following 
quantities were assumed as the basic parameters: 
distances between the shafts’ axles. So, these deter-

mine the particular design (design form) and its 
place in the built series of types of gears. For the 
particular gear ratio, the axles’ distances on the first 
gear stage is determined by the high-rotational-speed 
pair of gear wheels and on the last gear stage by 
low-rotational-speed pair, respectively. Similarity of 
gear wheels in the considered gears’ types series is a 
fundamental assumption. Their dimensions do de-
termine the dimensions of housings and shafts on the 
particular stages. 
The calculations methods have been prepared based 
upon the acquired experience, inner factory recom-
mendations, domestic and international standards as 
well as utilizing relevant mathematical and geomet-
rical analyses. These methods are used for determi-
nation of numerical values of parameters needed for 
determination of design form of gear constructional 
elements. The elements are as follows: housings 
(boxes and covers), bevel and spur gear wheels, low-
rotational-speed shafts, pinions and angular counter-
shafts. Especially in the relations between the rela-
tionships in the hierarchy of systematic structure of 
three-stage spur-bevel gears (Fig. 4) – three levels of 
relationships were distinguished. The particular 
design forms are assigned to these levels. As can be 
stated upon the  hitherto practice, the hierarchical  
model has some drawbacks namely it impedes repre-
sentation of the semantic connections many-to-many 
and it forces to (frequently artificial) surfing through 
intermediate notations. Nevertheless, it is frequently 
used because it univocally (adequately) describes the 
hierarchy levels, to which particular machine con-
structional elements can be assigned (i.e. sets, sub-
sets and elements of gears’ types series). 

3. OBJECT SYNTHESIS OF GEARS’ 
SIZE RANGES 

In the previous chapter, the original methodology for 
shaping constructional design form of gears’ types 
series has been presented. The essence of this meth-
odology consists in creating – for a particular mod-
els’ superclass – consecutive classes, subclasses and 
objects. It is typical object analysis, in which the rule 
“from an overall view to the  details” (known also in 
design theory [5]) has been utilized. An example of 
an application of this rule is division of a superclass 
of (cspur and spur-bevel) gears’ types series into 
classes depending of number of stages (two-, three- 
or four-stage ones), as it is shown in Fig. 5 and  6.  
Implementation of the methodology consists in crea-
tion, more precisely shaping a design form of gears’ 
elements in such a way that they belong to a series 
of types. The input data are: geometrical parameters 
of the gear i.e. axles’ distances, circumferences of 
geared elements, dimensions of shafts, angles of 
teeth deflection, basic housings’ dimensions and 
codes of standardized elements (e.g. bearings num-
bers according to particular catalogues).  The proc-
ess of shaping of design form starts from conversion 
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of the objects into the (actual) definite elements 
through inserting to the objects the actual numeric 
values of adequate quantities. As an example, let’s 
consider the spur and bevel geared wheels, low-
rotational-speed, high-rotational-speed and mediate 
shafts (Fig. 5, 6). Some of them have global impor-
tance (e.g. geared wheels and shafts) other have 
local importance (e.g. housings, bevel geared wheels 
and shafts). 
The definite forms of gears’ housings (boxes, cov-
ers) are obtained in a different way. These are as-
signed to the adequate attributes i.e. number of 
stages of a gear (two, three, four etc.), layout of 
axles (expanded – linear or arbitrary) and shape of 
the housing (the form of housing vertical cross-
section i.e. rectangular or circular). In this case, the 
base objects are kinds of series of types of gears (i.e. 
two- three- or four-stage, spur or spur-bevel, respec-
tively). From these objects, the second-rate (derived) 
objects are created for particular shapes, number of 
stages and axles layouts. These objects are less uni-
versal or general than for e.g. shafts and they are 
prepared as views or cross-sections of boxes and 
covers. They restrict the range of designer’s abstrac-
tion (creativity) in forming a gear housing however 
they have an impact on the properties of a dedicated 
similarity of gears and they assure homogenization 
of the created ones. 
From the spur and spur-bevel housings’ objects, the 
definite constructional design forms of housings are 
obtained as views and cross-sections (Fig. 5 and 6): 
• rectangular spur and spur-bevel gear of linear-
expanded axles’ layout; 
• rectangular spur and spur-bevel gear of convoluted 
(arbitrary) axles’ layout; 
• circular spur gear of convoluted (arbitrary) axles’ 
layout. 
In a similar way, the definite forms of sets and sub-
sets are created, obviously based upon the respect-
able their objects (Fig. 5 and 6). 
The succession of shaping of gears (implementation) 
from e.g. geared wheels and shafts through subsets 
till sets (“compound/assembly technical drawing”) is 
consistent with the most frequently used principle 
“from an overall view to the  details” [5]. Therefore, 
the method implementation is not an object analysis 
but just object synthesis. 

4. FINAL REMARKS AND CONCLU-
SIONS  

Based upon the successful utilization of the method-
ology proposed in the paper, the following main 
conclusions can be drawn:   

• object-oriented computer system which enables for 
shaping the constructional design forms of gears 
(after entire introducing into the practice) accelerates 
the design  process so called embodiment phase,  
• object methods integrated with the rules of design 
of gears’ series of types allow for gathering the 
knowledge and experience of designers acquired 
during designing of other drives and upon the results 
obtained from the performed test stands experiments 
– the knowledge is stored in defined classes and 
objects,  
• the objects and classes - determined within the 
phase of analyses and design – maintain their valid-
ity throughout the full cycle of usage of a particular 
model and they increase the level of detailed de-
scription. It allows for improvement of the objects – 
taking into account uniqueness of the problem,  
• simultaneously, a possibility of making essential 
analyses of the problem by the designers is greater 
and greater  due to an essential reduction of time and 
monotony of design process,  
• the investigated methodology enables performance 
of process analysis in a reasonable and unified man-
ner – what allows for  improvement in organization 
and management and in consequence it allows for 
preparation almost fully precise time and financial 
balances for the involved group of work-
ers/designers, 
• the methodology conduces to improvement of 
computer-aided  design and manufacturing,  
• the proposed methodology has an essential influ-
ence on enlargement of technological homogeniza-
tion of the range of manufactured products. 
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Fig. 1.  Process approach of offered method 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2.  Elements constituting input of investigated method 
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Fig. 3.  Elements of  design process and output of  offered  method  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Scheme of hierarchical model of size ranges of three-stage bevel-spur trains  
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Fig. 5. Scheme of objects of three-stage spur train according principle “from an overall view to the  details”  

 



EDIProD’2004 142

36

40

54

ø
20

 8

129

10

25,41

50,75

ø
3

6
,9

4

  90°

10

 2
8
 ,
5
5

16,47

ø
32

38,924
2

ø
25

 
 

0
,5

x4
5

°

 6
3°

26
`0

6`
`

1x
45

°
17

,6
5

 

  

 

 9
0
°

19
-0

,1

22
,1

2
±0

,1

28
,3

+
0,

2
8P9 
ø25H7

0
,5

x4
5

°

ø70,69h10

34

10

38,94

 

. .

.

..

 50°

ø168

 50°

ø230

.

.

.

.

.

ø16H7/n6

.

. .

.

.

.

5
 

2,
5

 

.

.

5
 

5
 

2,
5

 

5
 

2,
5

 

 

10
 

2,5
 

5
 

25
4

+
0,

05

.

 35° 35°

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. Scheme of objects of  bevel-spur train according principle “from an overall view to the  details”  
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