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1.	 Necessity for Field Balancing

Balancing of rotors in the field is necessary for the 
following reasons:
i) 	 the rotor would have been balanced in a commercial 

balancing machine running at 400 or 500 rpm, but 
would be operating at a much higher speed of 3000 
rpm, sometimes very close to the first lateral critical 
speed. This may necessitate balancing afresh. 

ii) 	  A heavy rotor which would have been operating at 
site for a long time would have undergone structural 
changes during shut down necessitating rebalancing 
at site.

iii) 	Some machines such as fans and blowers may 
develop unbalance as a result of erosion. These also 
necessitate field balancing of rotors. 

2. 	 Single Plane Balancing

Quite often one comes across rotors whose diameter d 
is large in relation to its length l (more than 2). These 
units can be treated as single plane balancing objects. 
The resulting unbalance can be assumed to be in one 
unique plane. As a consequence the balance weight can 
be assumed to be located in the same plane. Let us assume 
that the rotor is held overhanging from the supports 
shown in Fig. 1. Let us assume that the dynamic response 
at the support is linearly proportional to the unbalanced 
force. It can be measured using a vibration transducer 
held at the fixed end. Let the reading be a  indicated by 
the pick up. Let us choose a known weight and fix it at a 
known location on the rotor (here afterwards called zero 
degree position). And rerun the rotor. 
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Nomenclature
a, b Magnitudes of unbalance readings 	R 0, R1, R2 right side bearing readings
A, B Influence on the left and right planes 	 α, β ratio of influence
d, l Diameter & Length of the Rotor 	 λ, µ factors of balancing weights
L0, L1, L2 left side bearing readings 	 Θ ϕ phase angle

	 The necessity for balancing a rotor at site along with the practice in the industry are discussed. Short comings as-
sociated with these procedures along with their merits and demerits are presented. 
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OA	 =	 a

OB	 =	 b

OC	 =		 c

OA	 =	 AD

Let the reading be b . It may be noted that 	a  and b  are 
complex quantities since the magnitudes and phases of 
these responses need not be the same(Fig.1). Let us take 
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Fig. 1: Over Hanging Disk
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Fig. 2: Single plane balancing
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Table 2. Six Vectors for two plane balancing

Run 	 Trial wt.	 Near end	 Phase	 Far end	 Phase 
			   amplitude		  amplitude

1	 0	 L0	 q0	 R0	 f0

2	 W plane 1	 L1	 q1	 R1	 f1

3	 W plane 2	 L2	 q2	 R2	 f2

Fig. 3: Two plane balancing a=l1/l2, b=l3/l4

the same known weight and place it at a location 180o 
away from the earlier position.(here afterwards called 180 
degree position). Let the reading be c. . They are shown 
vectorially in Fig. 2. OA represents a , OB represents  b  
and OC represents c . Let  AD be equal to OA (O, A and D 
are collinear). It is easy to visualise that the quadrilateral 
OCDB is a parallelogram. Since OA is equal to AD and 
AC is equal to AB. AC and AB are the effects of the same 
known weight and hence their magnitudes must be the 
same. In the triangle OCB, since OA is the meridian, one 
can express AB as 

 ( ) ( )AB OC OB OA c b a= + + − = + −2 2 2 2 2 22 2/ / 	
 ...(1)

If the figure drawn is correct, using cosine rule one can 
write (Ө1 angle AOB) 

	 ...(2)

Mathematically the two admissible solutions are q1 and 
q2. Similarly

(Ө2 angle AOC)             ...(3)

	 To find out which one of the two is correct, one can 
take the fourth reading by shifting the known weight to 90 
degree position. If q1 is correct, OE should be the reading 
and if q2 is correct, OF will be the correct reading. With 
these four readings the system can be balanced. In the 
foregoing discussion it was indicated that four trials are 
needed to locate the phase and magnitude of the correct 
weight. In most cases a stroboscope is used to find out 
the phase of vibrations. When the frequency of the light 
signal is tuned to the running speed of the rotor, the spot 
of light appears to remain stationary. The angular position 
of the spot of light is quantified by 1 o clock, 2 o clock 
positions as judged by the human eye. This implies that 
the least count of phase measurement is 30 If, on the 
other hand, the phase angles can be directly measured, 
one of trials can be saved. 

	 There is a general feeling in the process industries 
that phase measurement using optical sensor (with a least 
count of 30 deg.) does not always guarantee efficient 
field balancing. There have been instances where several 
trials lasting two to three days, did not yield satisfactory 
balancing. The primary aim of this article is to highlight 
the shortcomings in this approach.

3. 	 Two Plane Balancing 

If the rotor has a length comparable to the diameter (more 
than 0.5 times the diameter) it is not correct to assume 
that the balancing can be done by adding weights in 
one unique plane. Then two plane balancing becomes a 

necessity. (Fig. 3). This is usually done by the seven run 
method. [1, 2] The format for the seven run method is 
indicated in Table 1. 

Table 1. Format for the seven run method

Run	 Trial weight	 Near end amplitude	 Far end amplitude

1	 nil	 AL1	 AR1
2	 near end 0o	 BL1	 BR1
3	 180o	 CL1	 CR1
4	 90o	 DL1	DR 1
5	 far end 0o	 BL2	 BR2
6	 180o	 CL2	 CR2
7	 90o	 DL2	DR 2

	 Let the two planes in which the trial weights are 
added be referred to as near end and far end planes and the 
two locations where the measurements are made (which 
are usually the left and the right bearings) be referred to as 
the left and the right side (Fig. 3). The readings obtained 
are tabulated in Table 2. 

	 The following information as contained in Table 2 is 
to be extracted from Table 1. From the logic adopted for 
single plane balancing one can visualise L0 and R0 are 
the same as AL1 and AR1. The readings BL1, CL1 and 
DL1 will help in locating L1 and BR1, CR1. And DR1 
will locate R1. Similarly the other six readings will be 
used to determine L2 and R2. 
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	 These are shown in Fig. 4. It is seen from this 
figure that the effect of trial weight in plane1 on the 
first bearing is A


 (represented as a complex quantity), 

on the second bearing aA . Similarly the effect of the 
trial weight in plane 2 on the right bearing is B and on 
the left bearing bA . It may be noted that α and β have 
to be real numbers whose magnitudes have to be less  
than 1. This is because they must be equal to the ratios 
of distances of planes of balance from the left and right 
side supports which in all cases will be less than 1. This is 
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because they must be equal to to the ratios of distance of 
planes of balance from the left and right supports which 
in all cases will be less than 1 and must be a real number. 
Normally α and β will be around 0.25, obviously they can 
never be more than 0.5 ( if both thecing planes are at one 
third span). If the final solution to the problem is in the 
form of λ times the trial weight in plane 1 and µ times 
the trial weight in plane 2 (both and complex numbers) 
the solution can easily be written as 

			   ...(4)
Hence

 

	 ...(5)

Similarly 

 			   ...(6)

	 The main advantage of the seven run method is that 
no phase angle measurement is needed. The technique 
is easy to use and no sophisticated measuring equipment 
other than the vibrometer is needed. . If α and β are small, 
λ will be equal to –L0/A and µ will be equal to –R0/B. 
This amounts to assuming decoupling to exist between 
the left and right planes of balancing.

	R eadings corresponding to runs 4 and 7 in Table 1 
are only to check the angular positions of the balance 
weights (clockwise or anticlockwise with respect to  
0 deg. position). They can even be computed using Eqs 
(5 and 6) doing away with runs 4 and 7. This position 
involves 5 runs only. For the purpose of discussion the 
terminology five run method henceforth (section 4.3.4) 
will be used.

λ = 		
(a L   0 – R   0) A 



A    B   (1– ab)

Fig. 4: Two plane balancing

4. 	 Aim of the Present Study

The aim of this parametric study is to quantify the errors 
due to various scientifically improper techniques followed 
in the industry for 2-plane balancing of rotors.

4.1 Factors Taken into Account

The main factors which are taken into account in this 
study are:
i) 	 Effect of decoupling of the 2 planes involved in 2-

plane balancing
ii)	 Effect of rounding off the phase angle to nearest 

30o.
iii)	Effect of rounding off the phase angle to nearest 

15o.
iv)	 Effect of very close magnitudes of vibration 

velocities.
v) 	 Effect of distance of the 2 planes used for balancing 

from the two bearings (varying α and β).

4.2	 Methodology

In order to carry out a parametric study with the factors 
detailed above, C-program was developed in which 
various values can be substituted and the values of λ and 
µ obtained. A sample case was taken up for discussion 
from the values of λ and µ.

4.3 	Sample Problem

The trial values used are shown in Table 3 below:
 
Table 3. Sample Problem

Trial mass	 Vibration velocity 	 Vibration velocity  
	 at the non-drive 	 at the drive end 
	 end bearing	 bearing

No mass at the two 	 L0=17.0 ang 0o	R 0=16.2 ang 
planes 		  θ3=142.65o

Trial mass at any position 	 L1=11.65 ang 	R 1=19.15 ang  
at non-drive end plane 	 θ1=58o	 φ1=142.6o

Trial mass at the 	 L2=17.25 ang 	R 2=16.34 ang  
same position on	 θ2=1o	 φ2=137o 
drive end plane

	 In this case, the accurate values are λ=1.446 @ 
34.119o and µ=1.254 @ -95.40o. using Eqs (5 and 6).
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Fig. 4: Two plane balancing
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4.3.1	Effect of decoupling the two planes (In 4.1,i)

When decoupling is done, (α and β are assumed to be 
zero) the values of λ and µ calculated from Eqs. 5 and 
6 are given by: 

	l  = L0 /A


	 ...(7)

	m  = R0 /B


	 ...(8)

	 Thus, the effect of the mass added at a plane on one 
end at the bearing on the other end is neglected i.e. effect 
of mass at NDE (non drive end) plane is neglected at 
the DE bearing and vice-versa. This procedure leads to 
quicker results due to fewer measurements to be made 
and hence is often used in place of accurate scientific 
procedure. The values of λ and µ obtained are:

	 λ=1.203 @ -135.26o

	 µ=1.053 @ -96.89o

	 The magnitudes have not changed much even though 
there are phase changes.

4.3.2 	Effect of Rounding off the Phase Angles to 
Nearest 30o (In 4.1,ii)

When one rounds off the trial values’ phase angles to the 
nearest 30o, it was found that sometimes α and β exceeded 
1 which is not possible. Hence, no realistic value of λ 
and µ could be obtained. In our opinion, rounding off 
can lead to erroneous results.

4.3.3 	Effect of Rounding off Phase to Nearest 15o  
(In 4.1, iii)

It is possible to distinguish the location of the spot of 
light, if one is in judging whether the angular location of 
the spot of light is (for example) closer to 1o clock or 2o 
clock if is between 1 and 2o clock positions and judging 
as 30, 45 or 60 deg. by using eye judgement. This gives 
rise to a least count of phase measurement could be 15o. 
When one rounds off the trial values’ phase angles to 15o, 
one obtains for the same problem the following values:

	 λ = 1.23 @ 41.86o

	 µ = 0.64 @ –88.65o

	 Even the magnitudes are not as close the correct 
results when compared with the decoupling case.

	 The results are summarised in Table 4.

Table 4. Comparison of Results 

Accurate value	D ecoupling error	R ounding off to 30o error	R ounding off to 15o error	 Error due to  variation  
				    vibration amplitudes
λ=1.026 @ 78.94o	 λ=1.095 @ -102.77o	 λ=0.944 @ 71.92o	 λ=0.976 @ 69.23o	 λ=1.08 @ 72.79o

µ=1.222 @ -85.06o	 µ=1.404 @ -271.44o	 µ=0.518 @ 71.55o	 µ=1.26 @ -280.81o	 µ=1.33 @ 73.65o

λ=1.446 @ 34.12o	 λ=1.203 @ -135.26o	 Not Applicable as	 λ=1.23 @ 41.86o	 λ=1.11 @ 80.88o

µ=1.254 @ -95.4o	 µ=1.053 @ -96.89o	 β exceeds  1.0	 µ=4.64 @ -88.65o	 µ=10.55 @ -105.58o

λ=1.034 @ 68.29o	 λ=1.095 @ -102.77o	 λ=0.93 @ 68.33o	 λ=0.94 @ 64.41o	 λ=0.976 @ 72.6o

µ=1.038 @ 110.6o	 µ=1.366 @ -274.9o	 µ=0.59 @ 102.52o	 µ=1.112 @ 102.49	 µ=0.945 @ 96.29o

λ=0.943 @ 62.4o	 λ=1.095 @ -102.77o	 λ=0.86 @ 39.37o 	 λ=0.64 @ 77.98o	 λ=0.6 @ 78.19o 
µ=1.27 @ 141.97o 	 µ=1.64 @ -240.06o	 µ=2.08 @ 157.20o	 µ=1.72 @ 96.65o	 µ=1.90 @ 84.72o

	 In this Table the first row is for α and β 0.1, the second 
for 0.2, the third for 0.3 and the fourth for 0.4.

4.3.4 	 Effect of Variation in Vibration Velocities and 
also in α and β Values (In 4.1, iv and v)

The vibration velocity readings obtained with a range 
from 2 mm/sec (threshold of disturbance) to 20 mm/sec 
(severe vibration) [3]. It is very difficult to gauge the trial 
weight needed to balance a rotor, three cases are tried, the 
first introducing a marginal change, the second moderate 
and the third substantial change, but not resulting in 
vibration readings exceeding 20 mm/sec. This example 
chooses lo as 10 and ro as 6.5 mm/sec (original readings). 
To study the influence of trial weights, for case 1, L1 is 
assumed as 13 and R2 as 10, for case 2, L1 as 16 and R2 
as 15 and for case 3 L1 as 19 and R2 as 19 mm/sec. The 
trial weights needed are computed using Eqs. (5 and 6) 
for four cases of α and β both row wise equal to 0.1, 0.2, 
0.3 and 0.4 respectively. The results are shown in Table 
5. In this table, for every set of α and β, first roe refers to 
marginal change in vibration velocity due to trial weight, 
the second row to moderate change and the third due to 
drastic change.

	 It is seen from Table 5 that the last two columns 
for various sets of α and β are more or less the same 
indicating that variations in the magnitude of the trial 
weights used do not very much change the predicted 
trial weights needed for balancing (only around 1% for 
α and β around 0.1 and around 2 % for α and β around 
0.4). In our opinion , it is better to choose values of α 
and β around 0.1 to ensure decoupling. (at any rate not 
exceeding 0.25).

5. 	 Inference
5.1	 It is clear that decoupling the left from the right 

gives reasonable magnitudes of a and m when a 
and b values are less than 0.2. But the error tends to 
increase when these are greater than 0.4.

5.2	U sing optical sensors and using least count of 30 deg. 
leads to erroneous results quite often. But improving 
the least count to 15deg. seems to improve the 
accuracy. But the improvement is not satisfactory.

5.3	U sing trial weights of smaller or larger magnitudes 
do not seem to alter the accuracy of the required 
weights needed to balance the rotor.



Shortcomings in Field Balancing 117

Table 5. Response due to trial weight variation and variation in α 
and β

	 λ	 A	 μ	 B	 λA	 μB. 
α =0.1, β =0.1 
1	 0.942	 10.44	 0.768	 7.55	 9.835	 5.778
2 	 0.775	 12.61	  0.485	 11.80	 9.779	 5.723
3 	 0.645	 15.07	  0.367	 15.52	  9.720	  5.696
α =0.2, β =0.2
1 	 0.905	 10.44	  0.653	 7.55	  9.458	  4.928
2	 0.745	 12.61	  0.412	 11.80	  9.394	  4.862
3	  0.620	 15.07	 0.312	 15.52	 9.349	  4.837
α=0.3, β =0.3
1	 0.885	 10.44	 0.543	 7.55	 9.239	  4.099
2	 0.730	 12.61	 0.343	 11.79	 9.205	  4.044
3	 0.607	 15.07	 0.259	 15.52	 9.147	  4.024
α =0.4, β=0.4
1	 0.884	  10.44	 0.435	 7.55	 9.229	  3.284
2 	 0.727	 12.61	 0.275	 11.79	 9.167	  3.242
3 	 0.605	 15.07	 0.208	 15.52	 9.117	  3.228 

	 It is felt that the use of amplitude measurement to 
locate the angular position analytically leads to more 
reliable balancing. It is advisable to aim at values of a 
and b less than 0.25 (balancing planes not exceeding a 
distance of 20% of the span from the nearest support) to 
ensure reasonable decoupling. 
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