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Abstract: In this paper the procedure of development, design and manufacturing of end suction centrifugal pump in accordance with 
standard ISO 2858 using CAD/CAM systems is presented. Design of the pump is made using software package CFturbo5 and dimensions are 
in accordance with the mentioned standard. Using of the standard ISO 2858 in the design of pumps, makes possible replacement of pump 
from one manufacturer with new one from another manufacturer easier, decreasing of the costs and grouping of the pumps. Manufacturing 
of the pump parts with a CAD/CAM system was created. The CAD/CAM programs application has reduced the errors in the process of 
manufacturing. This process has increased productivity by reducing the time for drawing completion and programming and accuracy of the 
construction.    
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1. Introduction 

Basic working element of a pump is the runner. The runner 
consists of a back (inner) disc and a front (external) disc. 
Between the discs of the runner there is sequence of blades. The 
blades together with the discs make multiple numbers of channels 
between the blades through which the working fluid flows . The 
runner is placed in a case which is usually spirally shaped. The 
exit part of the spiral is extended with an exit diffuser with which 
the pump is being connected with the outlet pressure pipe 
(channel) [5]. 

For design of final cross-section and calculation of the 
velocities on the inlet and outlet of the runner, the software 
package CFturbo 5 will be used [1,4,6]. This software package 
enables efficient design of the runner and the rest of the flow 
passage. The program is based on the basic fluid flow equations 
for calculation of the circulation and design of the flow passage 
elements of the pump. Also, contains in its data base a large 
number of empiric functions and graphic dependencies gained 
during examinations of already produced pumps. The spiral case 
can be independently designed from the runner or by using the 
data of the already derived runner through this program. The 
CFturbo5 program supports a large number of CAD and CFD 
programs which enables easy designing of the runner and the 
spiral as well as their modifications, optimization and preparation 
for production. This paper will present how CFturbo 5 program is 
used for 3D design of a centrifugal pump. Also, design work in 
CAD program SolidWorks and CAM program SolidCAM, which 
is a component part of the CAD program, will be shown [2,3]. 

With the development of the computer systems in the last 
several years, the necessity of creating modern computer 
technologies was raised, and with their help the work of the 
designer has been facilitated and his intelligent power has been 
saved (Figure 1). 

The phases of this integrated system that includes the period 
from projecting until the production process are following: 

• Concept projecting based on the marketing requests and 
existing standards and recommendation 

• CAD - geometrical modeling 
• CAE - engineering analysis of the structures 
• Estimation, computer-graphic presentation of the new 

design and animation for improving of the marketing of 
the new product 

• Development of acceptable constructive documentation 
• CAM - production of the new product 

 

Figure 1. Influence of using the computers in the time saving 

 
2. Design of the pump parts with the software 

package CFturbo5 

The spiral casing gathers the working fluid that comes out of 
the runner and through the diffuser part directs it to the outlet 
(pressure pipe). To obtain the exact hydraulic surface, more 
precisely the inner walls of the spiral case the program CF turbo 
will be used.  The first step in designing the spiral case with this 
program is defining of its inlet cross-section. In the first dialogue-
window (Figure 2) the data for the runner for which the spiral is, 
are being entered. These data are taken from the runner file which 
we had already calculated. 
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Figure 2. Dialogue-window for defining the entering parameters for 
spiral calculation [1] 

The basic data that are being entered as it is shown at Figure 
2 are: Flow Q; head H; rotational speed of the pump n; fluid 
density ρ; diameter of the runner D2; runner outlet width b2; the 
fluid flow outlet angle α3; axial position z (the center at the width 
b2); the rotational direction.  

The basic exit parameters that can be obtained with the 
program are shown at Figure 2: Diameter of the beginning circle 
of the spiral D3; Spiral case inlet width b3; D3/D2 value; b3/b2 
value. The program calculates according to empiric formula ant 
the results from the calculation are shown on the right side on 
Figure 2. The second step is the calculation of the geometry of 
the spiral case. Figure 3 defines the conditions for calculation of 
the geometry of the spiral case. There are two possibilities: 

• The flow of the spiral is assumed according to the law of 
potential eddy flow i.e. rCu=const. (according to the 
Pfleiderer theory [1]) 
• The average flow velocity in every cross-section is 
assumed constant Cuav=const  (according to the Stepanoff 
theory [1]) 

The practice has shown that the more relevant results can be 
achieved if the calculation is done according to the Pfleiderer 
method.  

The next step is to define the shape of the spiral case cross-
sections. Due to better hydraulic characteristics and the given 
space, the pear shape it has been chosen for the spiral transversal 
cross-sections. With this type of cross-sections the outside 
dimensions according to the ISO2858 standard can be kept. To 
define the spiral case cross-sections new dialogue-window has to 
be open (Figure 4). One half of the shape of the transversal cross-
section is drawn using fourth-order Bezier poly-line. 

Figure 3.  Dialogue-window for defining the spiral geometry 

 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 4.  Appearance of the transversal cross-sections  

In this dialogue-window the angle θ is set according to the 
references for designing the spiral case. By moving the points 
“1”, “3” and “2” the aim is towards the pear shape with as much 

as possibly smoother lane to obtain the highest possible degree of 
useful spiral activity or the maximum decrease of the hydraulic 
losses in the spiral. Also the outlet cross-section is defined and 
circle shape for the last cross-section section with diameter 
according to the ISO2858 standard is chosen. 

After finishing these steps, the program CFturbo5, creates a 
3D model of the hydraulic surface of the spiral case. Also the 
program CFturbo5 enables transferring of the designed cross-
sections of the spiral case in some of the CAD programs such as 
AutoCAD, SolidWorks etc. In this case the contours of the cross-
sections are transferred in the program SolidWorks. This program 
enables a connection of different transversal cross-sections with 
one smooth surface. After finishing these connections, the 
hydraulic surface of the spiral case is obtained. With this 
software package we can get accurate hydraulic surface, 
dimensions and shape of the blades and 3D drawing of the 
impeller. After that all of the constructive changes on the 
impeller are made in SolidWorks (Figure 5). 

 

 

 

 

 

 
 
 
 

Figure 5. Final design of the impeller 

 
3. Implementation of CAD/CAM program for 

manufacturing of the pump parts 
CAD/CAM/CAE system nowadays it is recognized as a key 

factor for increasing of the productivity in the manufacturing and 
the best response to the stricter requests when designing new 
products. With the development of the computer systems in the 
last several years, the necessity of creating modern computer 
technologies was raised and with their help the work of the 
designer has been eased and his intelligent power has been saved. 
The joining of the CAD, CAM and CAE in one fitting union 
makes the integrated CAD/CAM/CAE system, which leads to 
integrating of the constructing, calculating and manufacturing 
functions in continuing activities of the organization. 

The term CAD/CAM system most often refers to the 
computer integrated system equipped with software for 
perform the main functions in the projecting and 
production. Basic phases are defining the geometry with 
CAD/CAM and generating a path using the CAD/CAM 
system. After the design of the pump parts in CFturbo5 
their basic contours are transferred in the CAD system 
SolidWorks, where the contouring of the parts is finished, 
so the following represents an example how the spiral case 
of a pump is being manufactured. Also the options of the 
additional part of this program SolidCAM (CAM- system) 
are going to be shown as well as one example of the 
program's capabilities. 

 
3.1 Modelling of the pump parts in Solid Works 

All the operations done on the objects are based on 
mathematics geometrical principles.  The spiral case of the 
pump is imported as a large number of curves which lay in 
different planes which need to be assembled as one unit 
(Figure 6). 

SCIENTIFIC PROCEEDINGS IX INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2012 ISSN 1310-3946

YEAR XX, VOLUME 4, P.P. 27-29 (2012)28



 

 

 

 

 

 
 
 

 
Figure 6. Assembling of all spiral case surface curves 

After several steps, which include joining the already 
created surfaces and getting the radiuses which are necessary for 
founding of the spiral case, as well as shortening a part of the 
body by drawing more sketches selecting, the part that is shown 
in violet in Figure 7a will be the one to be removed. Finally, 
Figure 7b shows the final design of the spiral case which has 
been drawn according to the technical documentation. 

Figure 7. Spiral case 
a) Sketch of the part to be removed, b) Final design  

 

3.2 Generating of the NC program with the software Solid 
CAM 

As it is mentioned earlier, Solid CAM package is used for 
software processing of the modeling elements and making 
numerical code (NC) for CNC machines. The software 
processing enables visual presentation of how the machine will 
operate. The planning of the machining process, the selection of 
the necessary tools and operating regimes is done in this step. 
The tool paths are generated and the operating time needed is 
also shown. Solid CAM system is activated through menu in 
SolidWorks. By activating Simulate option in SolidCAM, a 
visual presentation of the performed operations can be shown 
(Figure 8), in particular how the tool is going to make the channel 
with a radius. The tool path is shown in red. 

 
 

 

 

 

 

 

Figure 8. Visual presentation of the performed operations in Solid CAM  

In similar fashion, the rest of the NC programs through this 
software package can be performed. The pump parts are usually 
manufactured by founding, but with all the parts it is necessary to 
machine certain surfaces. To acquire highest possible quality, it is 
necessary to work as precise as possible and to achieve the 
accurate dimensions, which is enabled with the previously 
described programs and applying of the CNC working centers. 
The time needed for design and manufacturing of the parts is 

significantly decreased and also the preparation of the technical 
documentation is easier and less time consuming. 

4. Conclusion 
 In this paper, the procedure of development, 

construction and manufacturing of end suction centrifugal pump 
in accordance with standard ISO 2858 using CAD/CAM systems 
is presented. The standard ISO 2858 by itself specifies the main 
parameters and describes the pump designation which consits of 
three numbers. Its implementation in the design of pumps makes 
possible replacement of pump from one manufacturer with new 
one from another manufacturer much easier, meanwhile 
decreasing of the costs and grouping of the pumps. The 
CAD/CAM system was used for the next stages of the 
manufacturing process, which also gives a lot of possibilities for 
minimizing the energy consumption, necessary time for 
production and the quantity of the needed material. This 
approach has reduced the errors in the process of manufacturing 
and has increased productivity by reducing the time for 
preparation of the technical documentation, as well as the 
accuracy of the final product.    
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