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Single and Dual-plane Rotor Balancing
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Introduction to single and dual plane balancing

Balanced rotors are essential for most kinds of rotating machinery. Unbalance will create high vibrations causing material defects and reducing the
lifetime of a material. In most cases the rotor unbalance is the major problem of vibration, it is related to the first order (= rotational frequency).

We assume, that we consider the so-called rigid rotors, which is true for nearly all practical cases. That means the operating speed of the machine
is below 70% of its first resonance frequency. The resonance frequency is the critical speed, where structural resonances cause heavy vibrations.
At the resonance, the phase is turning quickly and it would be impossible to make a correct measurement.

The requirement in terms of sampling rate depends on the first order (e.g. 3000 RPM/60 = 50 Hz required sampling rate 3520 Hz). Also, a
precise vibration sensor signal is mandatory.
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Store Save Save as Storing Analog in Math Balancing More...  Remove

Balandng 1 | +

Error: Sample rate of input channel for that upper RPH should be at least 3520 Hz.

Search Q Number of planes Approx. balandng speed
Accl |Single plane w | |3000 | RFM
1st plane: Acc 1

Image 1: Required sampling rate for balancing

The minimum sample rate is calculated from the balancing speed RPM (Max RPM + 10%) and the maximum order that is selected in the
settings (32 is the default). (3000RPM / 60) * 1.1 * 2 * 32 = 3520 Hz

For Balancing to work a zero position is required. You must use a Tacho, Geartooth with missing or double teeth, Encoder with zero position or
Tape sensor.

The goal of balancing is to minimize vibrations related to the first order. Basically, it works like this: We measure the initial state, then we add a trial
weight of the known mass, calculate the position and mass of a counterweight, remove the trial weight and put the calculated weight on the
opposite side, to cancel out the imbalance.

When an unbalance exists, the first order (rotational frequency) canbe A correction weight is added (or material is removed) on the opposite
seen clearly. As shown in the example below, on the rotor exists an side, which cancels out the major part. This procedure can then be
uneven distribution of mass. repeated until satisfaction.
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Image 2 Uneven distribution of mass Image 3: Correction weight on the opposite side from uneven distribution of mass

Single and dual-plane balancing

Depending on the machinery, single or dual plane balancing is used. Selecting one plane or two plane balancing generally depends on two factors.
One of the factors is the ratio of the length of the rotor (L) to the diameter of the rotor (D). The other factor is the operating speed of the rotor. As a
general rule of thumb, we can refer to the table shown below.

Balance Correction
Rotor L/D Ratio
Single Plane Two Plane
o
[ ‘:|:|: Less than 0.5 0 - 1,000 RPM Above 1,000 RPM
—
More than 0.5 0 - 500 RPM Above 500 RPM
2 | £] ]

Image 4: Selecting between Single and Dual-plane balancing

The procedure for a single plane or dual-plane balancing will be different, depending on which option is chosen. But basically, the following steps
have to be taken:

e initial run
e trial run
e correction run(s)

Needed equipment



e 1 (for a single plane) or 2 (for dual-plane) acceleration sensors
* 1 angle sensor (for measuring RPM and absolute angular position, therefore the angle sensor must have a zero-pulse: rotary encoder with A,
B, Z signal, optical tacho probe with the reflective sticker, inductive probe, CDM with zero,...)



Step-by-step balancing procedure

The first step of balancing procedure is to do an initial run. The machine has to be run up the operating speed. The vibration velocity is detected.
The velocity level and phase angle give together a vector that represents the original unbalance of the rotor. The length of the vector is equal to the
vibration amplitude and its direction is given by the phase angle.
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Image 5: Initial run at operating speed

The second step is to add a trial mass. A trial mass has a known weight and it is fixed at a known radius at an arbitrary angular position on the
rotor. The machine is again run-up to operational speed. We get a new vibration velocity level and a new phase angle. These values represent the
resultant effect of the initial unbalance and the trial mass.
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Image 6: Run with trial mass

The tips of vectors Vg and V are joined by means of the third vector V1, which is marked so that it indicates the Vj to V4 direction. This vector
represents the effect of the trial mass alone. A vector is drawn parallel to the vector Vy, with the same amplitude and direction, but starting at the

origin.

In the opposite direction to Vj, there is a vector V¢ and it represents the position and magnitude of the mass required to counteract the original

unbalance.
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If we assume that the amplitude of the vibration is proportional to the unbalance mass, we get the expression that enables us to find the value of
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Image 7: The procedure to determine the vector of unbalance
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The position of the mass relative to the position of the trial mass can be determined from the vector diagram.

Now we have sufficient information for the vector diagram with vector lengths proportional to the measured vibration velocity levels
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Image 8: Vector diagram to determine the position of compensating mass

The procedure in Dewesoft is guided by the visual control instrument. The flowcharts below show the routines for single and dual-plane balancing.

NOTE: Instead of adding correction weights, you can also remove material on the opposite position (angle + 180A°).

Single plane balancing procedure

Initial run Add corr.
weight
Add trial
weight 1st, 2nd, ...
Corr. run
Trial run
Remove trial
weight
OK

Image 9: Single plane balancing procedure

Dual plane balancing procedure

By adding the correction weights for both planes at the same time, we save one additional step.
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Initial run

l

PLANE #1:

Add trial
weight

PLANE #2:
Add trial
weight

L

Trial 1 run

Trial 2 run

PLANE #1:
Remove trial
weight

I

Image 10: Dual-plane balancing procedure

PLANE #2:
Remove trial
weight

PLANE #1 and #2:

Add corr.
weights

1st, 2nd, ...
Corr. run

OK




Balancing parameters

A frequency analysis of the vibration signal also guides us in the selection of the best parameter for measuring the vibration. The vibration can be
measured in terms of:

e acceleration,
e velocity,
e displacement.

The three curves have different slopes, but the peaks in the spectrum occur at the same frequencies in each case. The same information about the
vibration levels is contained in each curve, but the way the information is presented differs considerably.

The parameter selected for vibration measurement is usually the one with the flattest curve (the most horizontally aligned spectrum). This
parameter requires the smallest dynamic range in the measuring instruments, so the signal-to-noise ratio is higher - the parameter with the flattest
curve is velocity and this is also the parameter that is most frequently used.

The advantage of Dewesoft dual-core technology is the wide dynamic range and can detect very small or very high vibrations at the same time. So
there is no need to select the parameter with the smallest dynamic range when performing balancing with Dewesoft equipment. But the velocity is
the most commonly chosen parameter because it is used in most standards.
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Image 11: Vibration parameters



Static, couple and dynamic unbalance

Unbalance is a result of uneven distribution of mass, which causes the machine to vibrate. The vibration is produced by the interaction of an
unbalanced mass component with the radial acceleration due to the rotation, which together generates a centrifugal force. Since the components
rotate, also the force rotates and tries to move the rotor along the line of action of the force.

Static unbalance

Static unbalance is an eccentricity of the center of gravity of a rotor, caused by a point mass at a certain radius from the center of rotation.

An equal mass placed on the opposite side (180 deg) will balance the rotor.

Image 12: Static unbalance

Couple unbalance

A couple of unbalances may be found in a rotor whose diameter is less than 7 to 10 times its width. In the case of a cylinder, it is possible to have
two equal masses placed symmetrically about the center of gravity, but positioned at 180A° from each other. The rotor is in static balance (there is
no eccentricity of the center of gravity), but when the rotor turns, the two masses cause a shift in the inertia axis, so that it is no longer aligned with

the rotation axis, leading to strong vibrations.

The unbalance can only be corrected by taking vibration measurements with the rotor turning and adding correction masses in two planes. Couple
unbalance rotor is stationary, the end masses balance each other. However, when it rotates, a strong unbalance is experienced.



Image 13: Couple unbalance

Dynamic unbalance

Dynamic unbalance is a combination of static and couple unbalance and is the most common type of unbalance found in rotors. To correct
dynamic unbalance, it is necessary to make vibration measurements while the machine is running and to add balancing masses in two planes.

Image 14: Dynamic unbalance
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Channel setup in Dewesoft

The channel setup of the plugin in Dewesoft is very intuitive and simple to use.
The plugin is split into the following sections:

. 1.) Vibration inputs for planes - here you select your acceleration sensor. They should be mounted close to the shaft (e.g. on the bearing).
. 2.) Balancing settings - specify the method of balancing (single or dual plane) and the operating speed of the machine.
. 3.) Tacho input - a speed sensor with a zero pulse is needed (e.g. encoder, tacho probe with 1 pulse/rev, CDM with zero...).

A WN =

. 4.) Output channels - get a quick preview of the signals (time domain of the first order and speed), useful for checking if the tacho input is
working correctly.

0o B H 8+ -

@« W

Store Save Save as Storing Analog in Math Balancng More...  Remove
Balandng 1 | + Used V| |Setup V| | Rename | x

Search Q Number of planes Approx. balancing speed
Axx |Sing|e plane ~ | |3000 | RPM
1st plane: Axx
Frequency channel setup
1 Fregquency source Sensor Frequency channel Filter
|Counbers ~ | |Encoder—360 ~ Hz‘ |CI'~.IT1 ~ | |500 ns ~
Encoder-350, X1
- Ao/ Time domain |i|
R
Name |Axx.n‘]'|me domain |
Description | |
e ] oo
-
o 1
Templates | w | | Save |
[]
S——

Image 15: Channel setup of the balancing module
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Balancing measurement screen

When you have set up the balancing module in channel setup, there is an automatically generated display called Balancing in Measure mode.

ROTOR BALANCER - Single plane balancing procedure

2_ Firmly attach a balancing weight of the required mass to the calculated position on the rotor. Press "NEXT” to remeasure. NEXT
Correction
WIB [V] ANGLE ['] SPEED [Fpm] CORF. WASS [o] CORR. ANGLE [1] ]
Initial run 0116 1718 23560 ~z o
= I
T 7 £ —— -
”:" L5 Eg?l i Ts ESESU = 1161 [0.030/1.132] 4456 [30.07 45.0]
- - - — == 0,168 0,057 / 0.083] 167.3 180,07 195.0]
Vil rosuls vbiations V1)
705 a0 Systemchar: 10,0267 gV
| R N Char. angle: 30693 °
Y- i 4
AT

Trial [0.8q] :

‘028

Tiial weight position t
Comection weight position 270

Image 16: Auto-generated balancing measurement screen

Anglel: 180,0° (13)
Mass1: 0087 g
Angle2 195.0°(14)
Mass2 0083g

Unbalance
0.00 g*mm

It is basically a visual control instrument (the RotorBalancer), which will guide you step-by-step through the procedure. On the top you see the
current step, with an explanation which action has to be taken, on the right, there are the interactive buttons Back, Next, Measure.

The table with name of runs, vibration amplitude, angle and RPM is empty at first and will fill with the results after each step. The polar plot on the
left shows the vibration levels (amplitude and angle) of each run (the unit depends on the input, mm/s, or mm/sAz or g is usual).

The graph for the correction angle on the right helps when it comes to mounting the correction mass.

On the right column, you can see system characteristics and the overall unbalance. The correction weight and angle are also displayed here.
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Dual plane balancing example

Let's make a practical measurement example on a machine. Here we will show a dual-plane balancing procedure on a grinding machine. The
planes have been modified for demo purposes, so we can mount screws as unbalance/trial/correction weights.

A 360 pulses encoder is installed on one side, two acceleration sensors are mounted (one on left and one on right bearing; only one shown on
photo) and connected to a SIRIUS measurement instrument.

Image 17: Dual-plane balancing demo equipment

In the channel setup of the balancing plugin, we need to specify the acceleration sensors of both planes for input (plane1, plane2), as well as the

"dual plane" procedure.

X

Used ~ | |Setup e Rename
Search Q Mumber of planes Approx. balancing speed
Dual plane «| 3000 RPM
VibPlane2 ]
=S 1st plane: Vib Plane 1; 2nd plane: Vib Flane 2
Freguency source Sensor Frequency channel Filter
Counters ~ Encoder-350 e CNT2 ~ 500 ns ~
Encoder-360, X1

Image 1&: Dual-plane balancing channel setup

The machine is an asynchronous one, so it will run with approx. 3000 rpm. The procedure will be done according to the dual-plane step-by-step

procedure.

Initial run

Some weights have been mounted before at random angular position to simulate a bigger unbalance. Other than that, we leave the machine
unmodified and just start it. When we have reached operating speed, click on Measure.

The button will change to a stop button with running dots, showing that the measurement is in progress. After that, the button will change back to

Measure again, meaning that you also can repeat the measurement if something was wrong.
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Image 19: The measure button changes to
stop button

ROTOR BALAMCER - Dual plane balancing procedure

Initial Run the machine and record the initial vibration and phase angle.
Measure
VIB [w's2] | ANGLE1[] | WIB2[V] | ANGLE2[] | SPEED [Fipml | CORF.MASS 1]g] | CORR.ANGLE 1[] | CORR.MASS 2[g] | CORR.ANGLE 2[] |
Initial run £.714 3236 5,960 57.2 2953.0 ‘ | I I
Vibl: 721 10 Vb2 9020 10 as  f
Angl: 3237 : Ang2 572 : kab:
RP: 2960,0 ' RPh: 2960,0 kba: ¢
; Kbbr 7
5
i Plane 1: /7
Plane 2/
e | b e -
-0 5 10 -10 ] 10
. 5
‘10 410

Trial 1

Image 20 Initial run

Now we have to mount trial weights sequentially, first for the Plane #1.

We apply a screw of known mass at a random position. Please remember to mark this position, as it will be the reference (= 0 deg) angle for the

correction mass in future steps!

Then we enter the trial weight mass.

ROTOR BALAMCER - Dual plane balancing procedure

Trial1
Attach

previous measure.

[ Intialie with ol weight

Trial weight mass: g

Trial weight 1 radius: || mm (Optional]

Stop the machine and firmly attach a small Trial Weight on the FIRST PLANE of the rotor or enter influence vectors from the

ME&ASURE
[] Initiskes with nfluence vestors
Kah: g/m/s2
KaB: g/m/s2
KBA: a/m/z2
KBE: a/m/s2

Image 21: Attaching a trial weight on the first plane



Start the machine and perform the Trial 1 measurement.

Note the warning below in red, showing that a bigger trial weight will give a better result. So, the difference with/without trial weight is too small in
our example and we need to mount a bigger trial mass.

ROTOR BALAMCER - Dual plane balancing procedure

Tria|1 Run the machine to record the new rotor vibration and phase angle. RPM should be equal to previous measure. BACK || MEXT
Measure MEASURE
VIBT [m/s2] | ANGLET[] YIBZ [V] AMGLEZ[] | SPEED [Rpm] | CORR. MASS 1 [g] ] CORR. ANGLE 1[°] | CORR. MASS 2 [g] ] CORR. ANGLE 2['] |
Iritial n 6,749 3237 8959 565 29995 o 096 0
Trial 1 [0.964] 7.218 3240 5346 2540 29600 < -
Yibl: 7.023 --10 Wib2: 4,889 --10 kaa /
Angl: 3236 . Ang2: 2393 . kab: F
RPM: 23531 1 RPM: 2958,1 : kba
| | ) kb /
: : Inigal run
_5 : Plane1: /
Plane 2./
e e e R | — 1 [ — ) A 1
10 5 : 10 10 5 10
: Currel .L5
; Trial 1 [0,36g]
Bigaer trial weight will give better lesd_vlfb _110
Image 22: Trial measurement 1

Trial 2

Stop the machine, remove trial weight #1, and mount a known trial weight on plane #2. Then enter the mass in the plugin.

ROTOR BALAMNCER - Dual plane balancing procedure

Trial2 Remoave trial weight from first plane and firmly attach a small Trial Weight on the SECOND PLANE of the rotor
Attach

Inthialze with tnal weight
Tuial weight mass 2- a

Image 23: Attach trial weight on the second plane

Then run the machine again and collect the data.
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ROTOR BALANCER - Dual plane balancing procedure

Trial2 Run the machine to record the new rotor vibration and phase angle. RPM should be equal to previous measure. NEXT
Measure
VIB1 [m/s2] | ANGLE1[] | VIB2[V] | ANGLE2['] | SPEED [Rpm] | CORR.MASS1[g) | CORR.AWGLE1[] | CORR.MASS2[g] | CORR.ANGLE 2[] |
Inibial run E,743 3237 9,953 56,5 29535 -ﬁ.,___‘_ﬂ_’u_gﬁﬂ___——— a
Trial 1 [0,96q] 7.219 3240 5,346 25410 29600 S - i i
Trial 20,96 4,352 3137 4,286 84 29614 -
fia 2[0.369) 3 -3 0533 0.2 2487 3454
Plane 1 vibrations [m/s2] Plane 2 vibrations [m/s2]
Vibl: 4,356 -0 vib2: 4,309 10 0.4916 o/m/s2 (328.3°)
Angl: 3137 . Ang2 833 : kd:l: 14,7380 a/m/fs2 (243.0"
RPM: 29610 : RPM: 29610 ! kba: 26836 g/m/s2 [160,7]
i kbb- 57745 g/m/s2 (215,39
e
T5 Plane1: 101,2°(0539 q)
i Plane 2. 3454 (2487 g]
bmmemmmmmm e fmmmmmmmmmmmnan . Fommmmmammmaaa 1 bmmmemmmm e
-10 5 10 -10
: 5
: Trial 1 [0,963]
10 ‘10

Image 24: Trial measure 2

After the measurement we can already see the calculated correction weights on the right side:

e Plane 1: 0,599 g at 101,2A°
o Plane 2: 2,487 g at 345,4A°

When you click on Next, you will see a draft of the correction weight positions. Trial weight position is 0A° and the angle is positive in direction of

movement.

ROTOR BALAMCER - Dual plane balancing procedure

1 . Remove trial weight from second plane.Firmly attach a balancing weight of the required mass to the calculated position on each
. plane. Press "NEXT" to remeasure.
Correction
VIE1 [m/s2] | ANGLE1[] VIB2 V] ANGLE2[] | SPEED [Rpm] | CORR.MASS1[g] | CORR.ANGLE1[] | CORR.MASS2[q] | CORR.ANGLE2[] |
Initial run 6.749 3237 8.959 56.5 29595 H"f___-ﬂ%ﬁ"_‘_; 0
Trial 1 [0,96g] 7213 3240 5.346 2540 2360.0 f; - 0
Trial 2 [0,96 4 352 337 4286 843 29614 SE -
L - - > 153 101.2 2487 354
a0 an kax 04916 g/m/s2 (328.3)
b I kab: 14,7380 a/mds2 [243,0)
ST ; . . 5 - kba 26036 g/més2 [160.7)
L ) : i kbb: 57745 g/m/s2 [215.3)
S W : =
N - : Plane 1: 101,2°(0.593 )
B : Plane 2 3454 ° (2,487 g)
S — : R —~—
i o~ : o~
Tual weight position S Trnal weight position o
Carnection weight position 270 Correction weight position 270

Image 25: First correction attached
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Correction run

Now remove the trial weight #2, before you continue.

Then mount the correction weights and start the measurement.

In our example the result for both planes has been improved, the 1.run vector has a smaller amplitude than the Initial run vector. Actually, it worked
better for the first plane, so we would have to go for a second corrective run.

ROTOR BALANCER - Dual plane balancing procedure

1 . run Run the machine to record the new rotor vibration and phase angle. RPM should be equal to previous measure. BACK || NEXT
Measure MEASURE
WIBT [m/s2] | ANGLET [ WIBZ [V] ANGLEZ2[*] | SPEED [Rpr] | CORR. MASS 1 [g] ] CORR. ANGLE 1[°] | CORR. MASS 2 [g] ] CORR. ANGLE 2[°] |
Initial un 6743 Ersh) 0,959 56.5 23595 T 0
Trial 1 [0,96g] 7,219 3240 5,346 2540 29600 S - 5
ial 2 [U.96 E 7 288 4.3 2614 T -
Trlal1 [0.95g] ; égi 3;23? ;2:; 3?3311 2321 g —I20599(0,153 /0.450] | 100.2[90.0/1050] | 24872427 /0.082] | 3454[3450/00]
- fun ! - i o !
0,297 (0,037 / 0,261] | 268.2([255,0 /270,00 | 0,203[0.118 / 0,036] 96.3[90.0 /105.0]
Wibl: 0,038 20 Wib2: 0128 -20 kaa 04916 g/m/s2 [328.3°)
Angl: 3128 : Ang2: 740 : kab: 14,7380 g/m/ds2 (24307
RPM: B0 ' RPM: E015 : kba 26836 g/m/s2 [160.77)
kbb: 5.7745 g/m/s2 [215.3%)
| s
Plane 1. 255,0° 18] (0037 g
270,0* [19] (0,261 g
Plane 22 90,0°[7](0.116g)
1050 [8](0.086 g)
REEETPRERPRTRN femmmmmmmn s Fommmmmmaeaaas bmmmmmemmas
20 -10 -20 10
Trial 1[0.960)
1 10
20 ~20

Image 26: First run after the measurement

The weights for the next run are already suggested. As you can see, the mass is already significantly lower. It should decrease further with each

following run.
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Additional options for balancing

View options
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¥isual results [vibrations [mm/s])

Yib: 0,000 e
Angle: 0.0 |
RPr: 0.0

] Show names in oraph

[ Trace curent measure

Options

[ Divide plare 1 ta %

Divide plane 2 to

Leave trial weight on nobor

-

(®) Immediately

(O'wihen RPM is in bounds
&0 Lo B

Stop measuring

Automatically shop meaguring after

I R A
y selecting

€ jone

R
) Wik 0,206 =02 3
} T i
[15haw names in araph Angle: 53.0 ;
RPM: 1000 '

[ Divide plane 1 ta %

Divide plane 2ta 3 2

Leave trial weight on rokor

(®) Immediately
() wihien FPM iz in bounds
500 S50

Stop measuring =]

Automatically stop measuring after

Link Options =
[ Lk trial weights
[ Link measure

[ Livk. multiple inztances

in graph option as seenin
hgvé)ctorg of each run, e.q. Initi

3

riitial i

=

revio

Al

Image 27: Option Show names in graph

01

‘02

hase are stable at the Oé)eﬁational
rrent vector over the ¢
race current measure.

S ScCreen

run, ?,hIOtS

ange o

Image 28: Trace current measure option

Jrun,
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Weight splitting

When you have a rotor/plane with a certain number of slots/blades/holes, where the weights can be mounted, it would be much easier just to know
the position number and split the weights instead of the absolute angle.

This can be done by selecting Divide plane xx to xx from the properties. In our example we have a plane with 24 holes, so we mount weights in
positions 3 and 4.

After adding the trial weight, and before adding the correction weight, there is a possibility to check the option Leave the trial weight on rotor. This
is a nice feature for any situation, where removing the trial weight is a too big effort.

Rotor balancer

®

= EILY
Search Q

ROTOR BALANCER - Single plane balancing procedure - Time .

contos 1 @@ 2. run Analyse mode. BACK | [ NEXT @ acc/v/Time H1
coms 1 @@ Measure HEASURE & acc/y/Time domain
= - |, Speed
Tmmay F @) YIB [mm/s] ANGLE ['] SPEED [rpm] CORA. MASS [a] [ CORR. ANGLE []
Initial run 3237 2840 12955 N 2
==
T'f" [Ea] ;‘:Lg ig;; Eg:: == 4,575 [4.650 / 0,371) 2721 [270.0 7 300,0]
Fiesel all values 2' i 0‘339 355‘5 1295‘7 = 1.293[0,114 /1.153] 327,5[300,0 7 330,0]
un : & 2 0,520[0.240 / 0,298] 4E.6(330.0/ 0.0)
iesUptior Visual results [vibrations [mm/s]) Correction angle Characteristics
Shaw names in graph vib: 0,000 -5 an Systemchar: 1,536 g/mm/s
[ Trace curment measue: Angle: 1.0 : B IALELI Cher. angls: 19187
AFH. 0.0 : - | -

Correction

Options

3

Ditvide plane 2 to

Anglel: [0°(12)
Massl: 0240 g
Angls2: 001
Mass2: 0298 g

Unbalance
0,00 g

Leave tial weight on rotor

@® Immediately
O 'when RPM is in bounds
500 e/ B0 2

Stop measuring

Automatically stop measuring after

Link Dptions
Link trial weights

Link measure

Link multiple instances

Trial [Eg]

Trial weight position R
Conection weight pestion 270

Image 29: Divide plane option

Measure options

During the procedure, when you click the Measure button, the data is averaged over the time shown below (Automatically stop measuring after xx
seconds).

To ensure, the measurement is performed always at the same RPM, you can additionally set a target value and boundary.
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(®) Immediately
() When RPM iz in bounds

=hlsn [

Stop measuring =]

Automatically stop measuring after

Image 30: Measure

immediately or when RM is

Link multiple instances

in bounds

Sometimes when the amplitude and phase of the signal are not stable you have to find a different location for mounting the sensor, to get a better

signal.

To save time, you can mount multiple sensors and measure them at once, and then decide which signal to take. The whole procedure is the same,

but you only need to operate one VC (visual control), all the other instruments will follow, of course providing different results.

++ a
OB EH @ W # @& 4+ -—
Store Save Save as Storing Analog in Math Balandng More... Remove
| Balandng 1 | Balandng 2 | Balanding 3 | + |
e[ Baanang 1 | Grerno 2 | Banang 3 | +
Acc 1
a2 -
Acc 3 7| Balandng 1 | Balancing 2 | Balandng 3 | +
Search
Acc 1
Acc 2 Input Balancing settings
Acc 3 Search Number of planes Approx. balanding speed
j’ﬂ 1 |Single plane ~|  [3000 | rpm
Acc 2
Acc 3 1st plane: Acc 3
Frequency channel setup
Freguency source Sensor Freguency channel
| Counters v Encoder-360 IR v
Encoder-360, X1

Therefore, in Measure mode pl

Image 31: Link multiple instances

check the Link options (left lower part).

The Rotor Balancer visual control can be picked from the instrument toolbar in Design mode. The channels Speed and xxx/Time H1 have to be

assigned to it.

Link Options

[ Lirk trial weights
[ Lirk. meazure

[ Lirk multiple instances

image 32: Link options
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Which of the results should now be chosen for the correction?

e The one where amplitude and phase are stable.
e The one with the smallest influence vector.

The influence vector describes the relation between the vibration pattern changes on a specific mass change. 1g/mm/s tells us that 1g will change
the vibration level of first-order for Tmm/s. If the influence vector is 0,5g/mm/s we only have 0,5g to get the same vibration change. So we should
carry on balancing where a small trial mass will give us a high vibration signal. So the unbalance is clearly seen on the structure and not damped.
So, we should carry on where the influence vector is 0,5g/mm/s!

Characteristics

Swstern char:  1.5366 g/mm/s
Char. angle: 19187

Image 33: Systermn characteristics

Initialize with system characteristics

If Balancing was already done on a particular shaft, and the system characteristic is known, a trial weight run is not necessary once again; the
system characteristics parameters can be entered manually instead, to get the correction mass calculated immediately.

This could be used if a shaft is balanced multiple times at a certain interval.
The system characteristics describe the relationship between mass and vibration.

If a previous setup was stored and loaded again, the system characteristic was stored in the balancing visual control, too. Now it could be entered
manually or RESET ALL VALUES could be pressed.

I Reset all values I
View Options =]

[ Show names in graph

[ Trace current measure

Image 34: Reset all values

After that is done, the procedure will start on Enter Sys.Char.. After the Initial run, instead of a trial mass, the VC will automatically overwrite the
previous system characteristics.
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ROTOR BALANCER - Single plane balancing procedure

E nter Enter system characteristics from previous measure.
Sys.Char.
|:| Initiglize with trial weight @’ Initialize with sypstem characteristics
Trial weight mass: l:l q System characteristics: g/mése
System angle:
Trial weight radius; l:l mm [0 ptional)

Image 35 Initialize with system characteristics

To rebalance a system with the use of the previous system characteristics value, the following requirements have to be met:
- the rotor was previously balanced with a trial mass

- the rotor characteristics have not changed

- the position of the first trial mass must be known (mark on shaft/disc)

- if an optical tacho probe was used: the reflective sticker (trigger zero signal) must stay at the same position

- an optical tacho probe and vibrations sensor must have the same angle relative to each other

- the same balancing speed (RPM)

Acceleration to velocity calculation

In Dewesoft, it is possible to directly integrate from acceleration to velocity in the channel setup. Just activate the checkbox, and set the according
to filter (recommendation 4th order, 4 Hz). Due to the mathematical integration, there is a constant added to the result, which must be filtered out.
If the filter order is too high and the Low frequency is too low, you can see a slow-moving offset, even if there is no signal at the input! - In this case
please adjust the filter properly, use an FFT to check for your lowest interesting frequency.
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| General || Info || Connector |

Measurement IEPE ~
Range 10000 w Dual core © mV
Low-pass filter | Anti-aliasing filter (IIR) w
Coupling AC 1Hz ~
Excitation 4 ~ | mA

IEPE (1)

IEPE

4% Time integration, derivation setup

Filter low frequencies and DC

Order Low

10 .
Output unit [Juse custom scale

8 mfs w 1

Scale factor: 1
Response  Copefficents

-8

-10

Removing mass

Hz

Image 36: Acceleration to velocity

Used sensor | <No sensor > v
Physical quantity | Acceleration ~
Unit mfs2 ~
[ bisplacement Setup
| Velod Setup I
» /I ty
O X

itor

ince calibration value

mfs2 | Calibrate

at frequency

b. frequency: 15Hz
0.5sec

Cancel

Instead of adding the correction masses, mass can be also removed from the rotor (e.g. by grinding). You just have to apply it on the opposite side

(+ 180A°).
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Analyse the measurement data

During the whole process, all raw data is stored, see below the orange curve (vibration time domain data) in the overview instrument. Additionally,
when we reload the data file in Analyse mode we will have angle and mass data of all runs (initial, trial, correction).

As expected, the last run has the smallest amplitude (=less vibrations), which means our rotor has been balanced successfully.

@ Rotor balancer

n \ ®

= ElY
Search Q
¥ acofTime domain harm.

ROTOR BALANCER - Single plane balancing procedure

contrds 1 Q@@ 1.run Analyse mode BACK | [NEXT ® acc/Time harm. 1
Columns. 1 ime
6.8 Measure MEASURE ;Ewl; domain harm
Transpar OFF _ . W, Spes
EEEem BT ViB ANGLE (B1A] SFEED [Rpm] CORR. MASS o] [ CORR. ANGLE (£ |
r—| Iniicl 018 1848 2535 ] 5 |
Trial [0, 96 0141 1972 29530 =
| [m'" <l 0 s s 201011.736 £ 0.221] | 455145.0/60,0] |
Reset all values 2 & & 0,232 (0,097 /0,143] | 93,0[80,0/1050] |
Vsl Crons 1) Crooctorice
View Oplions Vb 0000 02 System char.
Show names in graph Angle 00 B Char angle: 303
RPM: 0.0 L b
[ Trace cunent measure L . ConEChen
Options =] e ’x\ Anglet
Divideplane Tto 24 ][5 . o
o
Divide plane Zto & . Mass2:
Leawe tial weight on rotor Unbalance
01 .
Measure L= * 000 g'rm
® Immediatedy
(OWhen RPM is in bounds b \ \
IS ElS I i 7
Stop measuring =l Iritil rury { :
Automatically ste it ; H
tomaticall stop measuiing ater o0 4 )
5 | seconds. 0z 01 ment o1 02 | |
1 | i
Link Dptions =l Y B
Link trial weights Tral[0.36] p E
Link mezsure ;
Link multple instances ;
01 -
Tu N
LRSS T
Tral weight postion
02 Corection weight position 270

Image 37: Analyzing the balancing datafile

The RotorBalancer visual control shows the polar plot with the vectors of each run, in the table you can see the correction masses and angles for
each run.

Balancing only works live in Measure mode!
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Export widget data

After we had successfully balanced a rotor and collected the data, you can export the data of all runs.

Therefore click on the

Then you can paste th

RotorBalancer visual control element to be active, then select Edit Copy to clipboard Widget data.

e data e.g. to Excel, as shown below.

= Measure Analyse
> P =l
Play Speed 1x  Mormal

Rotor balancer ~

contos 1 OB

Columns 1 G) @ @

Transparency OFF @
Feset all values

Show names in graph

[ Trace curent measure

Divide plane 1 to %
Divide plane 2ta 8 2

Leave trial weight an rator
(®) Immediately
() Wwhen RPM ig in bounds

500 |4 /50

Stop measuring

Autormatically stop measuring after

Li

ink trial weights

Link measure

Link. multiple instances

Dewesoft X

— O DS
Data fles  Setup  Review  Print  Export @ Edit = Options
[ rted
=] ) = Undelete
« B o+ %H @ W m : =
Sound Offline math Auto recalculate  Save Design Widgets  Displays Recorder iidget=lmage CET i E [ ?
Widget group as image Save to file... >
) ) o1}
T EEplvielinage Compress video to AV a
ROTOR BALAMCER - Single plane balancing procedure I Widget data v - —
1. run Analyse mode. UEFETTIETE BaLk | | NEXT @ acc/Time harm. 1
Measure Widget group Ctrl+C MEASURE &, acc/Time domain harm.
- Displ - , Speed
YIB [¥] ANGLE [BIA] SPEED [Ripm] CoF H [
Iritial run 0186 1688 29539 ey 0
Trial [0.56: 0.141 197.2 2953,0 i -
”‘? [0.56g] i 2225 e A 2010 [1.796 / 0.221] 465 [45.0 /60.0]
- tun / - g 0,238 0,097 / 0,143] 93,0(50,0 / 105,0]

Visual results [vibrations [¥])

Correction angle

Characteristics

Wib: 0,000 -0z System char.: 10,7841 o/
Angle: 0,0 Char. angle: 0320t
RPH: 0.0

[

Anglel 0,07 [7)
Mass1: 0,097 g
Angle2 105,07 (8]
Maszs2: 0143a

Iriitial nn

0.z

Unbalance

Bookl - Excel
Trial [0.96a]

Page Layout Formulas Data Review

Q

s . -
o o Cra  Wap T
ER Copy -
Paste . I uU-~ =l Merge & Center ~ | B2+ 95 » 53 4
Clipboard = Font [ Alignment [ Mumber 1
112 e Fe
| 5 | e | = | E | E | B L® | G
1 VIB [V] ANGLE["] SPEED [Rpm] CORR. MASS [g] CORR. ANGLE ["]
2 |Initial run 0,186359746  169,8244546 2959,892041 0,96 0
3 |Trial [0,96g] 0,140857807  197,1515561 2959,027686 o 0
4 |1 run 0,022055378  222,1656174 2960,431219 0,237847621 98,96917731
5
6
z

Image 38: Copy widget data to the clipboard

25



Balancing video

Please take a look at the following video for an easier understanding of how balancing procedure is done with Dewesoft hardware and software.

[Video available in the online version]
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Experimental evaluation of measurement results

Experimental evaluation of the balance quality requirements is often carried out for mass production applications. Tests are commonly performed
in situ. The permissible residual unbalance is determined by introducing various test unbalances successively in each correction plane, based on
the most representative criterion (e.g. vibration, force, noise caused by unbalance).

In two-plane balancing, if no tolerance planes are used, the different effects of unbalances with the same phase angle and of that 180A° apart shall
be taken into account.

In the image below, there is guidance for balance quality grades for rotors in a constant (rigid) state.

Balance quality Magnitude

Machinery types: General examples grade eper - 2
G mm/s
Crankshaft drives for large slow marine diesel engines (piston speed below G 4000 4 000
9 m/fs), inherently unbalanced
Crankshaft drives for large slow marine diesel engines (piston speed below G 1600 1600
9 m/s), inherently balanced
Crankshaft drives, inherently unbalanced, elastically mounted G 630 630
Crankshaft drives, inherently unbalanced, rigidly mounted G 250 250
Complete reciprocating engines for cars, trucks and locomotives G 100 100
Cars: wheels, wheel rims, wheel sets, drive shafts G 40 40

Crankshaft drives, inherently balanced, elastically mounted

Agricultural machinery G 16 16
Crankshaft drives, inherently balanced, rigidly mounted
Crushing machines

Drive shafts (cardan shafts, propeller shatfts)

Aircraft gas turbines G6.3 6.3

Centrifuges (separators, decanters)

Electric motors and generators (of at least 80 mm shaft height), of maximum rated
speeds up to 950 r/min

Electric motors of shaft heights smaller than 80 mm

Fans

Gears

Machinery, general

Machine-tools

Paper machines

Process plant machines

Pumps

Turbo-chargers

Water turbines

Compressors G25 2.5

Computer drives

Electric motors and generators (of at least 80 mm shaft height), of maximum rated
speeds above 950 rimin

Gas turbines and steam turbines

Machine-tool drives

Textile machines

Audio and video drives G1 1
Grinding machine drives

Gyroscopes G04 0.4
Spindles and drives of high-precision systems

Image 3%: Guidance for balance quality

In the image below, there are shown permissible residual specific unbalance based on balance quality grade G and service speed n. The picture
contains generally used areas (service speed and balance quality grade G), based on common experience.

The white area is the generally used area, based on common experience.

27



Permissible resldual speclfic unbalance, e, g'mm/kg
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Image 40: Permissible residual specific unbalance

50 000 200 000
Service speed n, r/imin
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Frequently asked questions

This section should help to find quick solutions for known problems.

Amplitude and phase not stable

The amplitude and phase must be stable to get a reliable result. For verification, you can use the option “Trace current measure”. The curve must

be stable and not jump at the operational speed. If it does jump, there can be several reasons.

TF_1Z+A Z4; [misZi]

[deg]

TF_1Z4+NZ4;

e Vibration signal is too small/noisy. -> Please mount the accelerometer on a different position.
e RPM signal is not stable. -> Check tacho signal and readjust trigger level.

e Balancing is done close to or on the structural resonance frequency. The operating speed is close to the resonance frequency of the
structure. Therefore, the phase is changing for 180deg. If first order falls on such a resonance, a small frequency change (rpm change) will

0,001

180

180

create a big phase change. Below a modal test has been done on a structure. The machine is operated at 50 Hz (3000 RPM), where amplitude
and phase are stable, you will get a good result. Please compare to the region of around 300 Hz. There is a big phase jump, where it would be

impossible to get a stable initial run vector.

Bode plot

250,000 500,000 750,000 1000,000
Bode plot

0,000

250,000 £00,000 TE0,000 1000,000

Rotor balancer visual control not found

e The visual control called “RotorBalancer.vc” has to be located in the Addons folder of your Dewesoft X installation (e.g.
D:\Dewesoft\Bin\X2\Addons). If it's not there, please restart the Dewesoft X Full installer, select “Modify” and activate at least the Plug-ins

e After you have ensured, the plugin exists in the correct folder, please check under Settings and do the “Register plugins”.

and Visual controls of the Add-ons section.

Frequency [Hz)

Frequency [Hz]

Select Features
Select the features setup will install.

PN

Select which options to install for DE'WE Soft<2 .

Description

Installs Add-ons.

-] Plug-ing
(-] Wisual controls

Inztall5hield

Cancel
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