
European International Journal of Science and Technology                    Vol. 3 No. 7             September, 2014 

 

 

91 

Methods for Balancing and Aligning Rotating Machinery 
 

 

 

 
a
Devanda Lek, 

ab 
In-Hyouk Song  and 

ab* 
ByoungHee You 

 

 

 

a 
Department of Engineering Technology, 

Texas State University, 

601 University Dr, 

San Marcos, TX, USA, 78666 
 

b 
Material Science, Engineering, and Commercialization Program, 

Texas State University, 

601 University Dr, 

San Marcos, TX, USA, 78666, 

 

 

 

*Corresponding Author: by12@txstate.edu  

 

 

 

Abstract 

The balancing and aligning of rotating machinery is critical step for its assembly and operation. Due to 

limitations of material processing and wearing from operation, parts will have unevenly distributed mass. 

Once rotated, the unbalance of mass will create vibration forces that are damaging to the rotating part and 

its supporting structures. To correct unbalance requires procedure wherein the uneven distribution of mass 

can be reduced by adding controlled amounts of mass. Assembling part with dimensional variation without 

alignment will create or increasethe uneven distributions of mass for the assembly. Alignment methods have 

been developed wherein parts are assembled so that variation can be offset by distinct positioning of parts. 

The theory balancing and alignment is simple to understand, but the actual procedures often require an in-

depth knowledge of a parts physical and dynamic characteristics.  
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1. Introduction 

 Unbalance is the uneven distribution of mass and its reduction is a critical step for rotating machines. 

Parts and assemblies are designed and analyzed with exact dimensions resulting in ideal assemblies and 

operational characteristics. Meeting exact dimensions is improbable and the physical parts will be above or 

below the nominal dimension. Material processing is limited in achieving exact dimensions and operation 

can distort or damage the part over time creating variation. Measuring a rotating component at different 
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Figure 2. Unabalance 
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Figure 3. Correcting Unbalance 
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Figure 5. Balancing by Graphical Met
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 Riegler (1982) offers an automated method wherein baseline response and multiple trial mass 

responses are used to determine correction mass. Instead of balancing based after each individual response a 

set of responses are collected. Atrial masses is placed at multiple points along the body of the part andthe 

highest vibration amplitudes are selected.Matrices are used to handle multiple data points and can calculate 

multiple instances simultaneously (Riegler, 1982). The program calculates the mass amount and location for 

each response that was inputted. After placing mass in the appropriate locations, vibration is measured to 

determine if an acceptable level is achieved, if not the process is repeated. 

 Fujisawa et al. (1980) used least-squares methods in conjunction with influence coefficient balancing 

method for multi-span assemblies. Multi-span balancing is more difficult as the increased number of parts 

requires a significant amount of vibrations response data (Fujisawa et al., 1980). A rotor assembly was 

examined for multiple vibration responses in multiples planes and speeds, with and without a trial mass. 

Using least-squares was effective for multi-span assemblies and determined correction masses by reducing 

the sum of squares between vibration responses (Fujisawa et al., 1980).With influence coefficients 

correction masses were determined by applying least-squares methods. 

 

2.3Modal Balancing 

 Modal balancing is a technique that requires that the modes be determined from vibration responses 

measured at different critical speeds as unbalance is distributed and not local (Riegler, 1982;Foiles et al., 

1998.; Liu, 2005). The principal modes will be corrected in succession to reduce the amount of vibration. 

Unlike vector method and influence coefficient method where measuring occurs at one speed, modal 

balance considers that vibration characteristics will differ at over critical speeds.  

A part is rotated near its first critical speed without any additional mass to measure baseline 

response. A known mass is placed and the altered response is measured is measured at multiple 

points.Multiple measurement points can be used to infer the shape of the modes are different critical speeds 

(Riegler, 1982). The responses are plotted as vectors on a polar plot and the correction mass can be 

calculated from the responses to calculate the location, the correction mass is placed 180° from the location 

of original response. After balancing the first mode the next two modes will be balanced. The procedure will 

occur at the next critical speeds and the procedure is the same.Balancing one mode will not affect the 

vibration characteristics of any other mode (Riegler, 1982; Foiles et al., 1998., Liu, 2005). 

Deepthikumar et al. (2012) examined modal balancing for flexible rotors with bow distributed 

unbalance. Rotor components were modeled using Finite Element Methods and low speed vibration 

responses to determine the distribution of unbalance over the length of the part (Deepthikumar et al., 2012). 

Based on the FEM model the correction masses can be calculated. Simulating the part reduced the need for 

trials and correction masses could be determined at the early stage. 

Liu (2005) developed Low-Speed Holo-Balancing (LSHB), where modal balancing is the foundation 

of the method. The method allows the vibrations is simultaneously balanced for the first and second critical 

speeds.A 3D-holospectrum is used to represent a rotor based on multiple vibration responses with trial 

masses at low speeds. The 3D-Holospectrum can be decomposed to show the force and couple components 

at different sections of the part (Liu, 2005). The corrections masses are calculated from the decomposed 3D-

Holospectrum without the need to high speed rotations (Liu, 2005). 

Many balancing techniques have formulaic or standardized procedures making implementation less 

difficult. Research has done to approach common balancing techniques in new directions to increase their 

effectiveness and efficiency.There are also safety concerns as certain balancing techniques require parts be 

rotated at speeds near operational limits (Liu, 2005). There has also been interest in unifying both modal and 

influence coefficient methods into a single technique (Tan and Wang, 1993)  
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Figure 9. Radial Runout 
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mathematically, generally in the form of vectors. Given the vectors an optimal or near-optimal assembly 

combination can be determined. The conversion and calculation procedures are generally automated by 

using commercial or proprietary software. Such procedures will often observe how the variation stacks as 

parts are added into the assembly. 

 

3.8 Indicator Methods 

 Shaft alignment occurs over three separate stages: survey, cold alignment, and hot check (Boyce, 

2011). The procedure is manual as parts are measured using dial indicators. Survey requires that the part be 

examined to ensure it conforms to specifications and quality requirements. For cold alignment face-od and 

reverse indicator method are commonly used (Boyce, 2011; McMillian, 2003). In both methods a dial 

indicator is used and its measurements can be used to graphically determine the centerlines of each part. 

Since many alignment techniques occur prior to operations, hot checking is applied to ensure alignment is 

maintained during operation (Boyce, 2011; McMillian, 2003) 

 

3.9 Alignment Methods 

 Davidson and Wilson (1976) of Gleason developeded a stacking procedure and accompanying 

software called Optistack. Optistack determines an assembly combination where assembly runout is reduced 

to desired levels. Their calculation method converted planar and radial total indication runout into part 

dimensions to mathematically represent the part. Given the mathematically representation multiple 

combinations could be calculated and assembly runout was observed (Davidson and Wilson, 1976). The 

process involves stage calculations to reduce the total amount of possible combinations. A tolerance limit is 

set by simulating assembly runout where the parts are assembledas if their reference marks are aligned. 

Optistack examines all the possible combinations of a subset to achieve lowest possible runout. As 

an acceptable amount of runout is achieved the combination is reported and the next subset is analyzed. The 

program reports how many boltholes, the reference mark, on the subsequent part should be rotated from the 

reference mark on the proceeding part. The overall assembly runout could be calculated for each subset and 

for the entire assembly. Such a method allowed assembly tolerances to be achieved with reduced amounts of 

trial and error (Davidson and Wilson, 1976). 

 Forrester and Wesling (2002) of General Electric (GE) develop a mathematical method to determine 

an optimal assembly combination. The process relies on representing parts as vectors based on variation, 

specifically radial and planar runout. The method simulates the assembly wherein the variation between part 

center line and assembly center line is observed (Forrester and Wesling, 2002). Parts are measured for radial 

and planar runout electrically and converted to a vector, with angular location, using commercially available 

software. The centerline deviation is calculated by sequentially summing the vectors of each part. To reduce 

eccentricity the vectors are combined with different angular position and the total eccentricity calculated. 

The ideal embodiment calls for the vector to be stacking in a closed loop. The closed loop allows for the 

assembly variation from the centerline to be reduced zero. However not all parts can produce vectors that 

can form closed loop in such cases a loop with the smallest value will be selected. 

 Keskinin and Kivinen (2002) developed a method where distribution of eccentricity is used as a basis 

for balancing of tubular paper rolls. The main source of mass unbalance was hypothesized to stem from the 

lack of concentricity of the rotating component (Keskinin and Kivinen, 2002). A proprietary measuring 

system is used to mapthe thickness and outer surface profile. The system used parts maps and integration to 

calculate the first mass moments which are used in the balancing procedure (Keskinin and Kivivnen, 2002). 

With the first mass moments the mass eccentricity vectors were determined which are directly used to 

determine correction mass. Unlike other rotating parts correction masses cannot be attached to the surface 
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profile of paper rolls. Instead the correction masses must be placed on the inner surface but attaching lump 

masses can be very difficult. To correct the unbalance a telescoping nozzle was develop that could spray 

controlled amounts of paint to redistribute mass on the inside of the part.  

 Alignment is also a critical step for assembling multiple rotating components. Not only does it help 

maintain assembly dimensions it is used to assist in reducing assembly unbalance. Manual indicator methods 

are simple but are limited by only examining one coupling and not necessarily the entire assembly. 

Automated are available and offer the ability to simulate many different combinations. These processes can 

be limited when an assembly has multiple parts with multiple possible positions. It is possible that the best 

possible combination may not be found since assembly might be broken into subsections 

 

4. Conclusion 

 The concept that balancing and aligning is important and necessary for rotating assemblies is not 

difficult to grasp. Balancing reduces a vibration which promotes: more efficient operation and reduces the 

magnitude of forces experienced by the parts. However the process of balancing and aligning parts is 

actually quite complex in application. Many techniques exist but such techniques may only be applicable to 

certain machinery or operational conditions.. In addition, it does not correct variation created by the 

assembly process. 

Reducing unbalance and misalignment is just one aspect when correcting rotating assemblies and 

part. The efficiency that a procedure has and the acceptable amounts or error will play a role in its 

selection.Not only do methods need to reduce specific errors to their lowest possible value but they must do 

so in a time efficient manner. The use of proprietary computer programs and automated data collections has 

become more common place in multiple procedures.  
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