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Abstract: The main objective of the presented research is to improve and upgrade the existing methodologies for design and layout of 
test machines and equipment.  The authors’ team has a significant experience in creating new test machines in the area of Machine Science, 
Machine elements, Automation and Measuring. The application of CAD systems within this research process of multivariate design is an 
additional advantage for the evaluation and analysis of different layout versions for the elaborated new test machines. The priority of 
combining electronic and mechanical measuring options is pointed out. The improved methodology is applied within the design process of a 
test machine for the experimental research of cardan drives. 
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1. Introduction 
The role of special couplings, universal joints and drive shafts is 

to transmit torques and forces between shafts which are not 
positioned in one and same driveline. Besides, the magnitude of the 
loadings which are to be transmitted is limited by the quality of the 
materials envisaged for those machine elements. 

According to the state of art of the modern technical 
achievements, several mechanical, pneumatic, hydraulic and 
magnetic mechanisms are used to transmit power between two 
intersecting shafts. However, the mechanical type of coupling 
(universal joint) is the mechanism which is most often used in 
industry due to its low cost, [11].  

Hooke joint is categorized into two types: the Cardan drive and 
the spherical coupling. These types of joints are used in equipments 
with high power transmission. As it is well known, the angular 
velocity of the driven shaft is non-constant. This means that the 
ratio of output velocity to input velocity is not equal at all angles of 
rotation, [10].  

As this specific feature produces a variable velocity ratio in 
Hooke joints, some researchers try to design and manufacture joints 
of constant velocity ratio. Rzeppa designed self-supporting units 
with inner and outer races connected through balls which had a 
constant velocity ratio, [15]. This configuration and another simple 
joint designed by Bendix are two types of joints which have been 
used quite often in automobiles.  

It was extremely important, that these two types of joints were 
not suitable for use in high torque power transmission systems. 
Therefore, special design examples of cardan drives (with two 
Hooke-type universal joints) have been used to overcome this 
problem, [2].  

The kinematical and strength calculations of different cardan 
shafts and drives are analyzed by Schmelz, [17]. Powerful engines 
with higher torques, new fields of application with increased 
stresses, e.g. off-road and heavy vehicles, improved materials, new 
production processes and advanced experimental and test methods 
have imposed completely new requirements on the driveshaft as a 
mechanical component. 

The year 1989 was the start of a new stage of the driveline 
components, driven by changing customer demands. More vehicles 
had front wheel drive, which led to considerable changes in design 
and manufacture. Basic knowledge and product improvements for 
the benefit of the automotive, agricultural, and machinery industry 
of mechanical drive components were presented by Seherr-Thoss, 
[16].  

Another very important problem for the functional capacity of 
the cardan drive is the appropriate design of its components and the 
correct evaluation of the influence of the geometry dimensions upon 
the quality parameters of the driveline in cars and heavy vehicles. 

The three dimensional models, shown on Fig. 1 and Fig. 2, 
present the theoretical research, implemented by Dobreva and 
Haralanova in [8] concerning the influence of the geometry 
parameters of two main design types of cardan drives upon the 
additional dynamic loading of the intermediate shaft in that drive 
component. 

 

 
Fig. 1 Example of Z - configuration of the individual joints. 

According to the nomenclature of [16], two arrangements of 
that kind of driveshaft are possible: Z - configuration of the 
individual joints, Fig.1; W - configuration of the individual joints, 
Fig.2. 

 

 

 
Fig. 2 Example of W - configuration of the individual joints. 
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Usually, two Hooke’s joints with splines and a telescopic 
coupling are considered to comprise a drive shaft which is 
transmitting uniformly the motion and the torque under certain 
conditions. 

These terms can be described in the following way: the 
deflection angles of both joints must be equal (i.e. β1 = β2); both 
joints must have a kinematic angular relationship of 90° (π/2), (i.e., 
the yokes of the intermediate shaft have to lie in one and the same 
plane). Even in the case that the mentioned conditions are fulfilled, 
the intermediate shaft of the cardan drive rotates in a non-uniform 
way, [8]. 

This short presentation of the carried out theoretical research 
aims to specify the essential features of cardan drives. Based upon 
the theoretical analysis, main criteria for designing a test machine 
for experimental research of the uniformity by transmitting the 
motion and the torque by cardan drives have been deduced. 

In order to achieve this objective, it is necessary to improve and 
upgrade the methodology for designing and developing new test 
machines and equipment. 

2. Prerequisites for Solving the Problem  
The authors’ team has a significant experience in creating new 

test machines in the area of Machine Science, Machine elements, 
Automation and Measuring.  

It is well – known that the correct choice of specific measuring 
methods and tools is facilitated by taking into account certain 
requirements and evaluation criteria. Some of the most important 
criteria are: high accuracy, sensivity and sufficient boundaries of 
measuring; minimal impact of measuring devices on the object 
investigated; resistance to external interfering factors; opportunities 
for distance measuring; receiving experimental results in explicit 
form; simple design layout, small masses and dimensions; 
interchangeability; easy assembling, exploitation and maintenance. 

The authors’ team has solved successfully a significant number 
of problems and tasks in the area of design and layout of test 
machines such as: Analysis of existing test machines for 
experimental research of gear trains, transmissions and clutches; 
Research of power transmissions; Design of automated test machine 
for experimental research of energy efficiency in mechanical gear 
trains and reducers, [4, 5, 6, 12, 14].  

For example, the design of the test machine for investigating 
mechanical gear trains was based upon the experience of the authors 
during their research studies in the area of creating automated test 
machines, [9] and in the area of developing software programs for 
processing data and visualizing results, [7, 18, 19]. 

 

 
Fig. 3 Scheme of a test machine for experimental research of reducers. 

A principle scheme of an automated test machine for 
experimental research of energy efficiency of mechanical gear 
trains, designed and produced by the authors, is shown on Fig. 3. 
The test machine includes the following components: 1 – frequency 
inverter Sinamics; 2 – asynchronous motor; 3 – sensor for input 
torque; 4 – reducer; 5 – sensor for output torque; 6 – multiplier; 7 – 
coupling; 8 – generator; 9 – load resistance; 10 – excitation control; 
11 – unit of National instruments; 12 – PC. 

The reducer is driven by the asynchronous motor 2. Its 
rotational frequency is regulated by the frequency inverter 1.  

Thus, the input shaft of the reducer can rotated with different 
frequencies depending on range of the frequency inverter. The 
characteristics of the asynchronous motor 4АО – 80В – 4D 
assembled in the test machine are: P = 0,75 kW and rotational speed 
n = 1400 min-1 . 

This test machine includes a device for measuring the device of 
the output torque – a transducer RTW310/320. The output torque Т2 
is approximately u – times greater than the input torque (u – gear 
ratio of the examined reducer).  

In order to reduce the value of the torque loading the reducer 
investigated, a second gear train is assembled. The second one has 
equal geometry parameters as the reducer which is tested. However, 
it is assembled within the test machine as a multiplier. Therefore, 
the output shaft of the multiplier is rotating with relative high 
rotational frequency. Both gear trains (item 4 and item 6) have 
coaxial input and output shaft.  

The functions of the generator 8 are to produce electricity and to 
load the resistance 9. The magnitude of the load resistance 9 can be 
changed. Due to this option, it is possible to load the reducer 4 with 
different torques, for example: Тном; 0,25.Тном; 0,5.Тном; 0,75.Тном; 
1,25.Тном.  

The signals derived from the sensors 3 and 5 are transferred to 
the gathering unit of National instruments. This component 
transfers the signals to the PC which is visualizing the obtained data 
in real time. 

The test machine developed and produced is equipped with 
electronic measuring devices which work in environment of 
LabVIEW. They are distinguished by high accuracy of 
measurements. The experimental results are displayed in real time. 

However, in terms of the quality of academic study process, the 
test machine presented has a relative significant disadvantage. 
Intermediate experimental results for the changing values of the 
input and output torques are not available and therefore, such results 
are not displayed. 

For that reason, the authors set the objective to improve and to 
upgrade the methodology for designing test machines. A decision 
was made that two opportunities for receiving intermediate 
experimental results should be considered: obtaining signals from 
electronic as well as from mechanical measuring devices. 

3. Improved Design Methodology 
During the implementation of the structure analysis of different 

design option for new test machines and new products, some main 
principles are to be assumed. The most important of them are the 
principles of simplicity and clarity. 

These fundamental principles are defined in the following way: 
the requirement for simplicity of the design version imposes a 
certain minimal number of components. The requirement for clarity 
of the layout version complies with the necessity for unambiguous 
executable production and assembly processes. 

As it is known, the procedure for evaluation and comparative 
analysis of different design solution for a certain problem includes 
several main stages: 

1. Defining the objectives and the criteria for the evaluation of 
design solutions; 

It is suggested that the generally valid evaluation criteria for this 
stage should be seven: A, B, C, D, E, F, G, [1, 13]. 

The meaning of the these generally valid criteria can be defined 
in the following way: А – Performing the main function of the 
product; B – Fulfilling the conditions from the requirements’ list 
(preliminary elaborated by the designers); C – Practicability 
considering the overall dimensions and the appropriate component 
structure; D – Feasibility within the framework of the eligible costs; 
Е – Including measures for safety and ergonomically favorable 
conditions; F – Facilitating enforceability because of familiar know-
how, materials and favorable patent conditions; G – Feasibility of 
the design solution in terms of specific features of the technological 
manufacturing of the product components and of the efficiency of 
the selected technology processes. 

The meaning of the selected criteria is described in the 
following way: (+) – Yes; (-) – No; (?)  – Shortage of information. 
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This methodology contains new and modified generally valid 
evaluation criteria within the first stage of the procedure for analysis 
and assessment of design solutions, which are described in details in 
[1]. 

2. Investigating the criteria for evaluation and defining criteria 
with relative equal level of significance; 

Within the framework of this design stage, the authors’ team 
supplemented two new criteria for analysis and evaluation of new 
developed design versions of a test machine: including 
opportunities for obtaining intermediate experimental results of 
both electronic and mechanical measuring devices and 
implementing universality in terms of variation of the angle 
between the driving and the driven shaft of the cardan drive. 

Two different projects of a test machine for experimental 
examination of cardan drives have been elaborated. 

The first project is shown of Fig. 4. In this case, the scales for 
immediate visualization of the rotational angles are assembled 
immovably upon the driving and the driven shaft of the cardan drive 
tested. This design solution is characterized by the following 
feature: two rotations are used in order to achieve different angles 
of intersection of the axes of the shafts. The angles’ magnitude is 
controlled by the scales of both panels which rotate. The test 
machine is driven by a DC motor and a belt drive. 

The second project of the test machine is shown of Fig. 5.The 
obtaining of different angles of intersection of the axes of the shafts 
is achieved by one rotation and one translation. The angles’ 
magnitude is regulated by the scales of both panels which are 
movable. The driving of the test machine will be realized by a 
motor – reducer. 

The application of CAD systems within this research study of 
multivariate design is an additional advantage for the evaluation and 
analysis of different layout versions for the development of new test 
machines and equipment. 

The authors carried out a theoretical analysis and a precise 
evaluation of the conceptual design solutions presented. During this 
process, the methodologies for multivariate design process and the 
rules for easy and expedient assembling have been taken into 
consideration, [1, 13]. 

 

 
Fig. 4 First project of an automated test machine for examination of 

cardan drives. 

 

 
Fig. 5 Second project of an automated test machine for examination of 

cardan drives. 

The new criteria mentioned previously are included in the 
methodology for assessment and analysis of conceptual design 
solutions, Table 1. It is assumed that they possess relative equal level 
of significance compared to the already known and established 
criteria. Within the process of building versions of conceptual 
solutions, the precise determination of evaluation criteria is 
especially important. 

Table 1: Technical assessment of the conceptual design solutions. 

Criteria 
First 

project, 
Fig. 4  

Second 
project, 
Fig. 5  

Simplicity of design 4 3 
Components’ number of design 4 3 
Compactness of design 4 4 
Universality of the variation of angles 4 3 
Opportunities for obtaining intermediate 
experimental results by electronic as well as 
mechanical measuring devices  

4 4 

Low costs 3 2 
Total value of the solution 23/24 19/24 

 

3. Evaluating the criteria on a scale from 0 to 4;  
4. Creating a matrix including the conceptual solutions 

presented and determining the total value of each design solution, 
Table.1; 

5. Comparing the version of design solutions;  
The technical assessment presented in Table 1 imposes the 

conclusion that the first project of an automated test machine for 
examination of cardan drives (Fig. 4) represents a more appropriate 
solution. The second project (Fig. 5) is more a complicated and a 
more expensive design solution compared to the first one. 

The first deign project of a test machine for cardan drives is 
elaborated further by the authors’ team. It became an essential part 
of this new equipment. The basic working principles and the 
specific features of the test machine developed and produced by the 
authors’ team is described in details in [3]. 

4. Conclusions 
 Based upon the analysis of the newly introduced criteria for 

evaluation of design solutions and of the advantages of the précised 
and upgraded design methodology for test machines and equipment, 
the following conclusions can be deduced: 

1. The methodology includes new and modified generally valid 
evaluation criteria which are to be applied during the first stage of 
the procedure for analysis and evaluation of design solutions. 

2. The methodology contains new specific criteria for analysis 
and assessment of design solutions which possess a relative equal 
significance level compared to the already established criteria for 
designing new products.  

3. The application of the methodology improved by the authors’ 
team enriches and makes more precise the procedures for 
multivariate design, for analysis and evaluation of conceptual 
design solutions. 

4. The methodology presented has been made significantly 
more advanced. This approach excludes the possibility of 
overlooking important and qualitative design solutions. 
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