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Abstract: Processing of thin-walled parts with large dimensions in conditions of  wide range production poses a number of technological 
problems. One of the most important among them is the provision of alignment on both sides of the hole who passing through the opposite 
walls of the part. Is essential the alignment of the spindles   while processing of the hole , if used for this purpose machining center with two 
horizontal spindles . In the publication is presented research about  possibilities to solve the problem by controlling of spindles alignment. 
For this purpose are carried out contact coordinate measurements of the hole in one spindle using 3D touch probe which is fixed in the other 
spindle. 
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1. Introduction 
 When machining of cross holes in the large-sized prismatic 

thin-walled beams and columns (e.g console cranes) is important 
and difficult at the same time ensuring their quality. In the 
publication [] was presented conceptual design of machining center 
(OC) with two opposite horizontal spindles and total fixed table, 
that is appropriate solution under certain production conditions. 

 

Provided an opportunity for independent control of the spindles 
has a number of advantages when necessary to achieve 
effectiveness in combination with the flexibility and versatility in 
small and large series in the  production. The use of such a machine 
gives solve some specific problems. Among them is the requirement 
for achieving coaxiality in processing both ends of a one transverse 
hole in the crane's console.  Naturally, this coaxiality largely depend 
on the non-coaxiality, which can have two spindles at positioning 
them in the same point in the XY plane of the machine's coordinate 
system. At the same time coaxiality of spindles after the initial setup 
of the machine does not remain constant in hers exploitation 
because of the influence of power or heat deformation and wear. 
This necessitates the application of appropriate method  for the 
production conditions and procedures for control the coaxiality of 
spindles.  

 
2. Exhibition 
Theoretical investigation. It is known that the machining 

centers can operate as coordinate measuring machines using the 
contact coordinate measuring head. This option has been applied 
successfully to solve a number of tasks to ensure accuracy in 
processing. This is proven and already common practice in modern 
engineering production. Important hers positive sides are high 

enough precision and versatility satisfying performance and cost, 
and also the ability to automate. The latter is particularly important 
because it has a significant impact on accuracy, productivity, 
versatility and reliability. 

Listed here advantages are sufficient grounds as to consider the 
possibility for control the coaxiality  of spindles through contact 
measurements with TTP. The effective implementation of this 
approach involves the implementation of several important stages. 
First need to be created and to minimize confounding factors that 
are expected to impact negatively on the accuracy of control. The 
reporting of this indicator suggests the inspection may be conducted 
in the positions of holes,  that are to be processed The inspection 
itself can be seen as part of the control activities and in setting 
technological system (machine appliance, tool, workpiece). From 
the analysis of the system can be concluded that the realization of 
this approach has the great possibilities immediately prior to the 
actual processing. This means, that the part to be set on the table of 
the machine and the cutting tools to be in the spindles. With settings 
must achieve their coaxiality and position of the hole. Then it 
remains to be fulfilled only the working movements of both servo 
drives along the Z axis for machining the hole.  

Control of  the coaxiality of spindles by contact coordinate 
measurement provides one of them to establish TTP. The other 
spindle is free and there are not stocked tool. This is necessary to 
provide access into the hole in the spindle for the tip of the stylus of 
TTP (Fig.2). The presence of detail will prevent the possibility of 
controle.  The reason is that the piece is in place, where would be 
the spindles in the XY plane to process the hole. The compromise 
solution which is offer, consists and of two stages of verification. 
The first stage takes place before fixing of the console of the 
working table of the machine. By thus providing access to the entire 

 
Fig. 2. Measuring with TTP to determine the axis of spindle 2 

 
Fig.1. Machining center with two spindles and a CNC system 
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working area of the machine. Perform two similar checks.  
The first is at a position in the plane XY, corresponding to the 

position of the hole axis, which will be processed. Second, 
depending on the location of the hole upon console is shifted 
minimally in X axis or axis Y.The goal is  the offset to allow  
inspection in  presence of fixed console.  

The condition is that it must be performed as close as possible 
to the position of the hole. In second stage console is attached to 
machine and perform its machining. In these conditions it is 
intended to perform only second check. The above explained why 
in this case  can not be performed first check. 

The results of the second examination in two stages are 
compared. If difference is big,possible to automatically make the 
appropriate adjustment in the positioning of spindles to ensure their 
coaxiality at processing of the hole. The management of coaxiality 
of spindles when is processed holes, is based on indirect (indirect) 
control. This is acceptable if it is assumed the hypothesis that under 
the influence of systemic factors the deviation of position of the 
spindle in processing of the hole (first inspection) is the same or 
proportional to the deviation, which will occur in the positioning for 
the second check. 

 
 Experimental study. The aim is through research to determine 

the possible existence of a proportional relationship between 
variation in the accuracy of positioning and coaxiality of spindles in 
two checks. In this case, significant influence can have only the 
deviations caused by the impact of systemic factors, for example. 
thermal deformation. That would confirm above the  described 
hypothesis . The experiment was carried out in described  below 
conditions and consistency with the technological equipment in the 
company SPARKY AD in the town Rousse. 

For the experiment used a machine with a similar structure of 
design. It consists of two CNC machine with horizontal spindles 
equipped with TTP and utilizing a common working table. The 
main difference with the designed machine is in use two CNC 
SIEMENS 840 systems and a lack of synchronization in the work of 
spindles. Construction and characteristics, the carriage are with 
sliding guides, propulsion is DC motors associated with ball-screw 
couples. The 3D trigger touch probe is HEXAGON (Pre Travel 
Variance ± 2.00 μm Repeatability 2 Sigma 0,65 μm) and is supplied 
with the machine. 

The sequence of operation is as follows: 
1. On the table is not apparent preparation. 
2. Playing the first stage (the two checks TTP). 
3. The first stage is performed again and indicating device 
for finding the center of the circle. 
4. The machine performs the whole measurement cycle 
mode accelerated simulation program to the second stage. 
5. Playing the second stage (the two checks TTP). 
6. The second stage is performed again and indicating 
device for finding the center of the circle. 
7. All points 2 to 6 are repeated during 15min. 
 

Indicating device for finding the center of the circle is a  
Bernardo with constant 0.01mm. For all measurements is using the 
reporting system of the machine. 

To limit the influence of radial runout of spindles, any of the 
checks with TTP runs in two angular positions (0⁰ and 180⁰) on 
both spindles. Checking with an indicating device for finding the 
center of the circle (Figure 3) is also performed at two angular 
positions (0⁰ and 180⁰) of the inspected spindle. The fixed angular 
positions may be achieved using a command to stop the spindle in 
the presence of such an option for the machine. The measurement is 
carried out by TTP repeated 4 times at 3 points (section A-A in Fig. 
4) of the inner conical surface of the spindle. The points are evenly 
spaced through 2 / 3πrad. With such arrangement of the points 
necessary directions of measurement are characterized by 
approximately the same size of the deadband of TTP (valid for TTP 
kinematic resistive working principle) [].The resulting measurement 
coordinates are used in the equations of two lines (chords), 
constructed in three points. Outlines the equations of symmetry 

through chords. The decision of the system of equations of 
symmetry (their point of intersection) are the coordinates along the 
X and Y of the circle center, built in three points. The end result of 
each check is the average of the coordinates on two axes obtained in 
different angular positions. 

 

 
The resulting coordinates are used to compare the set position 

and calculating deviations (non-coaxiality) along the X and Y. 
In indications Y1V1 indications and Y1V2 are positions on the 

Y axis of the first and second spindle in the first stage of the 
investigation. In indications Y2V1 and Y2V2 having a similar 
effect, but the second stage. 

The minimum necessary move on the axis Y  to permit control 

 
Fig.3. Determination the axis of spindle 2 with indicators 

 
Fig. 5. Schematic of measurements with TTP to determine non-coaxiality 

of  the spindles in two positions on the Y axis 

 

 
Fig. 4. Measurements with TTP to determine the coaxiality 
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outside part is marked with H. 
The dimensions ΔY1 and ΔY2 are non-coaxiality calculated  

between spindles in two positions at each measurement. For 
calculation is used below expressions: 

 
±∆𝑌𝑌1 = 𝑌𝑌1В1 − 𝑌𝑌1В2 

 
±∆𝑌𝑌2 = 𝑌𝑌2В1 − 𝑌𝑌2В2 

 
To evaluate the changing ΔH of size  H is used the following 

calculation: 
∆𝐻𝐻 =/𝛥𝛥𝑌𝑌1/+/𝛥𝛥𝑌𝑌1/ 

 
 In Table 1 presents the results of the experiment in simulation 

of normal operation only spindle 2. This is achieved through 
multiple iterations with greater speed work movements of the 
carriage and higher rpm spindle. As an indication of the load is used 
reported power consumption. The spindle nomber 1 remains in a 
waiting state between measuring cycles. 

 
Fig. 6 illustrates graphically the results of Table 1 only, which 

are obtained after the measurement with TTP. Their analysis shows 
the following: 

1) The measurement values with TTP and indicating device for 
finding the center of a circle having a close range. The application 
of automatic measurements with TTP can be a successful solution 
for measuring coaxiality . 

2) In the first hour of the experiment, an increase of ΔY1 and 
ΔY2. The most probable reason for this are the thermal deformation 
in the servo drive . 

3) The growth of ΔY1 is about 4 times larger compared to the 
growth of ΔY2. This result is probably due to the larger working 

part of the screw and substantially greater mechanical and heat 
loads  of the servo drive of the spindle 2. 

4) After the first hour, ΔY1 and ΔY2 remain fairly stable the 
reached values . Very likely to accept, that this is the result of the 
coming thermal equilibrium. 

In Table 2 presents the results from the next experiment. In its 
measurements are combined with simulation normal operation of 
both spindles. This is accomplished by multiple repetitions with 
greater speed of the working movements of the carriage  and a 
higher speed of the spindles.  

Fig. 7 are shown graphically, only the results obtained after the 
measurement with TTP. The analysis confirmed the outline of the 
observations and the conclusions obtained in the first experiment. 
More significant than the differences and new elements are: 

 
1) The growth of ΔY1 longer by about 40% (instead of 4 times) 

greater than the increase of ΔY2. This is achieved despite uniform 
simulated load of both servo drives. 

It turns out that in this case due to the greater firmness and 
higher frictional forces in the servo drive. In the result is given 
greater amount of heat, which causes larger thermal deformation in 
the drive screw of the  servo drive. 

2) obtained in the second experiment values ΔY1 and ΔY2 have 
approximately the same breadth and distraction. 

3) Changing the size "H "and fluctuation of ΔH is within narrow 
limits. 

4) The results and conclusions confirm the relevance of the 
chosen method of controlling the  coaxiality of spindles. 

 
3. Conclusion 
-   Made  experimental studies have shown the ability to carry 

out technological control of the coaxiality of the machining centers 
with two opposite horizontal spindles through contact coordinate 
measurements with TTP.  

- For the implementation of the method does not require 
additional investments. 

- The control can be automated to varying degrees, according to 
the objectives and capabilities of CNC system. 

- The method and received by control results can be used also 
for solutions, representing the development of the ideas proposed by 
[5,6,7,8,9]. 
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Tabl.1 

№ T, [h] 
ТTP Indicator 

ΔY1, 
[µm] 

ΔY2, 
[µm] 

ΔH1, 
[µm] 

ΔY1, 
[µm] 

ΔY2, 
[µm] 

ΔH1, 
[µm] 

1 0,00 1 -3 4 6 0 6 

2 0,25 5 -3 8 8 1 7 

3 0,50 8 -2 10 12 2 10 

4 0,75 10 -2 12 15 2 13 

5 1,00 12 0 12 18 6 12 

6 1,25 14 0 14 18 5 13 

7 1,50 15 1 14 25 5 20 

8 1,75 16 2 14 23 6 17 

9 2,00 16 1 15 22 5 17 
 

 
Fig.7 Non- coaxiality during a simulated cycle with spindles 1 and  2 
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Fig.6. Non- coaxiality during a simulated cycle with spindle 2 
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