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CASE STUDY: SHAFT ALIGNMENT AND 

TOLERENCES VERIFICATION FOR 

EXPERIMENTAL DEVICE USING 

COORDINATE MEASURING MACHINE  
 

Abstract: In this paper, Coordinate Measuring Machine is 

used for shaft alignment, basic tolerances verifications and 

concentricity between bearing housings of the experimental 

device. Expand of useful life of machinery and better quality 

of production can be achieved through correct design and 

accurate construction of machinery. The investigated 

experimental device simulates rotating machinery and will be 

used for fault detection at rolling bearings, with advanced 

signal processing techniques. To evaluate the ability to detect 

faults of signal processing techniques a fully isolated and 

perfectly performing experimental setup is required.  

Keywords: Coordinate Measuring Machine, Tolerances, Shaft 
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1. INTRODUCTION  
 

In fault detection with advanced signal 

processing techniques, significant impact has 

the correct construction of the experimental 

device. Quality of machinery mounting, 

avoiding external stimuli and transfer of 

external vibrations to the system [1][2], shaft 

alignment and concentricity of roller bearing 

housings has critical impact to any mechanical 

device. Shafts must be aligned as perfectly as 

possible to maximize equipment reliability and 

life, particularly for high-speed equipment [3]. 

Mathieu and Ballu [4],define that tolerance 

process can be synthesized into four main tasks: 

tolerance specification, tolerance analysis, 

tolerance synthesis and tolerance verification. 

The evaluation of experimental device for shaft 

alignment and concentricity of bearing housing 

performed with coordinate measuring machine 

and 3D scanning technology. A Coordinate 

Measurement Machine facility (CMM) of the 

latest technology enables both researchers and 

industrial manufacturers to evaluate the 

precision of several different manufacturing 

techniques that have been applied for the 

production of a mechanical component. This is, 

undoubtedly, a time efficient technique offering 

a good level of accuracy [5]. Coordinate 

Measuring Machines are used for Quality 

Control, Design and reverse engineering 

projects. Where accuracy is needed, to avoid 

Human Error the use of CMM is imposed. 

Compared to conventional methods of 

measurements such as caliper, micrometer, 

clock gauge etc., results can be precise and 

have great degree of repeatability among 

measurements. Measurements accuracy and 

repeatability are in scale of microns [6].  This 

project focuses on tolerance verification that is 

the set of inspection planning activities and 

measurement procedures. The evaluation of 

experimental device, in terms of shaft 

alignment and bearing housing tolerances and 

concentricity, performed with coordinate 

measuring machine. Results verify the 

construction quality and manufacture accuracy 

of the experimental device. 

 

 

2. PROBLEM STATEMENT  
 

The positioning of rotational centers of 

two or more shafts is called shaft alignment. 

There are two components of misalignment, 

angular and offset.  

Offset misalignment, sometimes referred 

to as parallel misalignment, is the distance 

between the shaft centers of rotation measured. 

Parallel misalignment occurs when the two 

shaft centerlines are parallel, but not in the 

same line. There are two planes of parallel 

misalignment as shafts may be offset 

horizontally (displaced to the left or right), 

vertically (positioned at different elevations), or 

both. Offset misalignment is measured in mm. 
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Angular misalignment sometimes referred, 

as gap is the difference in the slope of one 

shaft, usually the moveable machine, as 

compared to the slope of the other shaft. 

Angular misalignment occurs when the motor 

is set at an angle to the driven equipment. If the 

centerlines of the motor and the driven 

equipment shafts were to be extended, they 

would cross each other, rather than 

superimpose or run along a common centerline. 

The “gap” or difference in slope of the motor 

shaft when compared with the slope of the 

stationary machine shaft can have horizontal 

misalignment, vertical misalignment, or both. 

Angular misalignment, in particular can cause 

severe damage to the driven equipment and the 

motor. Angular misalignment is measured in 

μm per mm of the axis diameter. 

In figure 1, two types of misalignment are 

presented, and a combination as well.  

Combination misalignment occurs when 

the motor shaft suffers from angular 

misalignment in addition to parallel 

misalignment.  

 

 
Figure1 - Types of misalignment 

 

Industrial standard for shaft alignment not 

exist. Even though shaft alignment is critical 

when machines operates in high speed. Alan 

Luedeking [7] presents tolerance table most 

widely accepted as the standard industry norm 

for short couplings. Table 1 and 2 shows the 

excellent and accepted values. 

For bearing housing, H7 tolerances are 

required. Figure 2 shows the manufacturing 

drawing of bearing housing. 

 

 

Table 1. Shaft alignment tolerances (Offset) 

Motor 

RPM 

Offset Misalignment 

(mm) 

Excellent Acceptable 

600 0,127 0,2286 

900 0,0762 0,1524 

1200 0,0635 0,1016 

1800 0,0508 0,0762 

 

Table 2. Shaft alignment tolerances (Angular) 

Motor 

RPM 

Angular Misalignment 

(μm/mm) 

Excellent Acceptable 

600 1 1,5 

900 0,7 1 

1200 0,5 0,8 

1800 0,3 0,5 

 

 
Figure 2 - Bearing housing dimensions 

 

  The bearings used in the experimental 

device are KOYO type 6302, with outer 

diameter 42mm. As shown in figure 2 the 

radius of housing has tolerances of 420

+0,05
. 

 

 

3. COORDINATE MEASURING 

MACHINE 
  

Coordinate Measuring Machines are used 

for Quality Control, Design and reverse 

engineering projects. Where accuracy is 

needed, to avoid Human Error the use of CMM 

is imposed. Compared to conventional methods 

of measurements such as caliper, micrometer, 

clock gauge etc., results can be precise and 

have great degree of repeatability among 

measurements. Measurements accuracy is in 

scale of microns. Coordinate Measuring 
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Machine (CMM), is illustrated in the following 

figure.  

 
Figure 3 - Coordinate Measuring Machine 

(CMM) 

 

 The description of basic operation of 

CMM follows. Sensitive touch probe goes 

through the surface of measured part. For every 

touch point, coordinates are recorded relative to 

reference system. The analog voltage change is 

converted into a digital signal through specific 

electronic circuits that are connected to the 

system and then using appropriate software, 

portrayal of the positions of points in space is 

performed. CMM are connected to a computer 

or special equipment, for acquisition, analysis 

and processing of data derived from the 

measurements.  

For the CMM measurement a PH10MQ 

probing head has been used, which is able to 

inspect features at different angles without the 

need for frequent, time-consuming, styli cluster 

changes. A repeatability of 0.5μm at 62mm 

radius can be achieved with the PH10MQ probe 

head, providing accurate positioning even when 

using long extensions. 

In addition, a TP200 probe has been 

employed, with a styli extension of 10mm. The 

TP200 probe uses micro strain gauge 

transducers to deliver excellent repeatability 

and accurate 3D form measurement even with 

longer stylus. The trigger force (at styli tip) is 

0.02N for XY plane and 0.07N for Z plane.  

The stylus used for this measurement was 

a straight
stylus. It incorporates highly 

spherical industrial ruby ball. It is of low 

density keeping tip mass to a minimum, which 

avoids unwanted probe triggers caused by 

machine motion or vibration. The stylus used in 

this work was TIP 2mm by 10mm (A=2mm, 

D=10mm) and its geometry is represented in 

the following figure 4. 

 

 
Figure 4 - Stylus terminology 

 

The measurements have been conducted in 

respect to a fixed reference system. The output 

of each measurement is point’s creating cycles 

that connected and create cylinders, which in 

fact represents the 3D geometry in question.  

 

 

4. RESULTS – DISCUSSION 
 

For tolerances quality control of shaft 

alignment two cylinders have been created at 

CMM and compared for their concentricity. 

Following figure 5 shows chosen cylinders in 

blue colour.  

 

 
Figure 5 - Chosen measurement cylinders 

 

At table 3 the results of the comparison 

upon concentricity between two cylinders are 

shown. The measured units are mm. 

 

Table 3. Concentricity of CY 1 and 2 

MEAS MAX MIN DEV OUTTOL 

0.062 0.031 0.020 0.062 0.059 

 

Figure 6 shows the projected centers of the 

cylinders at a plane. 

  

 

With concentricity of 0.062 mm we can 

conclude that our experimental setup is 

properly constructed in case of shaft alignment. 

It must be stated that experiments at 

experimental device will performed at rotating 

speed of 600 RPM.  

The manufactured bearing housings are 

also evaluated through measurements of two 

cylinders. Figure 7 presents the measured 

cylinders. 
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Figure 6 - Projected centers 

 

Coordinate measuring machine results 

shown that for CY4=FEAT/CYLINDER: 

42.037 and CY5=FEAT/CYLINDER: 42.024. 

 

 
Figure 7 - Measured cylinders at bearings 

housings 

 

Comparing 420

+0,05
with the measured 

values validate results and verify that our 

housing are manufactured and constructed upon 

the plate properly. 
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