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1. BALANCING BASICS

1.1. INTRODUCTION

This manual describes the balancing procedure using the DC-12 data collector
. This instrument's inner balancing program can be very useful for balancing
rotors withup to 3 balancing planes (or weight attachment planes) and up to 8
measurement points. Aside from computation ofbalancing parameters (weight
and angle magnitudes) the software provides the following

O3 automatic monitoring of measurement parameters and measurement accu-
racy;

O continuous automatic monitoring of the tacho signal along with initerrupting
measurement process ifthe signal gets unstable.

() estimation of vibration response to the trial weights at each measurement
point;

(3 automatic test for balancing planes which are equal by vibration response
and exluding one of them from calculation. Balancing by three non-equal
planes;

O balancingusing only necessary balancing planes but not maximum number
ofthem;

O computation ofthe expected viration response to the calculated corrective
weights;

(3 balancing is possible even though a harmonic noise is present at frequency
resolution of0.01 per cent.

O balancing by the known influence coefficients (trim balancing with no trial
runs).

O balancingboth by theknown influence coefficients and trial weights atonce.

O balancing with trial weights eitherremoved or leftinplace. Y oumay select
one ofthe above after measurement data on the trial weightis available.

O preliminary estimation of trial weights by the parameters of the machine
underbalancing;

O optional keyboard input formeasurement data;

O splitting the correction weights ifimpossible to place the calculated weight
atthe determined mountingangle;

(3 adding the weights mounted at the same plane;

(3 balancingreporting.
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1.2. WHAT IS

A MACHINE UNBALANCE?

1.3. BALANCING

Unbalance ofarotating part of the machine is uneven mass distribution, the
offsetbetween the shaft center of mass and center of rotation. Whilerotating,
any masses are influenced by inertial forces, but withoutunbalance those forces
are compensated. When unbalance occurs, these forces are not fully compen-
sated and therotor is influenced by the forces at operating speed of the machine.
Unbalanceis thenature of anyrotating objectand is presentalways. Therefore,
in engineering there is a distinction between acceptable unbalance when a
machine can be operated and the excessive one thatleads to defects and the
defectdevelopmentand may cause amachine failure. Balancing is the proce-
dure for correction of the latter. Worth to mention thatas well as youreduce
vabration by balancing you increase rotor loading that may cause its failure.

Therotorunbalance can be detected by the presence of a great component of
machine vibration atits operating speed. Acceptable unbalance in different
machinetypesis considerably depending ontheir dimensions and type, support
and bearing stiffness, and the machine operation modes. The operation modes
may differ by rotating speeds, loads and temperature conditions.

One ofthe common causes for the excessive vibration atthe rotation frequency
is bend shaft line, shaft misalignment and some other defects. Hence before
balancingitisrecommended to check couplings, shaftline, and fix the problems
since their presence makes balancing impossible.

Whenever possible, amachine oughtto be balanced atits operation speed. If
not, choose the closestto that. Y oumustavoid balancing at critical shaft speeds
because the measurements of magnitude and phase taken under these condi-
tions are inaccurate and cannot provide effective balancing.

Whenbalancing fans, pumps and turbines, itis strongly recommended to clean
themup before you start balancing procedure. After that youmay sometimes
find thatunbalance disappeared.
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1.4. SINGLE PLANE
AND MULTIPLANE UNBALANCE

The single plane unbalance is usually called the staticunbalance. This type of
unbalance canbe illustrated by anunbalanced disk placed on the balanced shaft
intwo bearing supports as shown in the next figure.

Fig. 1.1

Single-plane unbalance q q

\Y

Heavy spot

Multiplane unbalance can be referred to as the dynamic one because it occurs
only during rotation. It occurs, for example, when two disks at two different
planes create acouple of forces that generate vibration. The figure below shows
an example of the dual plane unbalance.

Fig. 1.2

Dual plane unbalance q

(2 / )

Heavy spots
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1.5. THE METHOD OF
BALANCING WEIGHTS

ANALYSIS

The DC-12 uses the method of influence coefficients to calculate balance
weights. The vibration response of the machine to the given trial weight are
calculated forall measurement points, firstatthe first plane, then atthe second,
and so on. Thus the influence of each balance plane is taken into account inall
the measurement points. Influence coefficients are calculated after the initial
machinerun (without trial weights) and trial runs (with trial weights attached).

Ifthereisno bigrepair ofthe machine between balancing cycles, itis possible
tobalance the machine with one runusing the influence coefficients computed
duringthe previous balancing. [tmaybeavery efficient formultiplane balancing.

The influence coefficients are complex numbers and both real and imaginary
parts of them should be stored for each coefficient.

Onthe DC-12'sscreenthe influence coefficients are displayed in the balancing
report. While balancing by influence coefficients, the operator has to enter the
balancing coefficients for each plane in the same sequence, otherwise the
correction weight calculation will be wrong.

Note thatwhile balancing by influence coefficients you MUST attach tacho in
the same location and position as it was in the previous balancing cycle. The
mark for tacho also should be in the same location of the shaft (better use a
stationary mark).
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2. DC-12 BALANCING PECULIARITIES

This chapter covers main steps of the field balancing using the DC-12's
balancing software including computation of balancing weights.

2.1. BALANCING
STEPS OVERVIEW

Balancing amachine with the DC-12 inner software involves the following
essential operations:

1.

Prepare the places inall measurement points to mount the accelerometer.
Place the phase reference mark on the rotating part of the machine and
attach the phase reference tacho probe.

. Checkthetacho signal with the command Tacho Test from Applications

menu. Thisallows youtoview thetacho signal inthe oscilloscope mode. The
pulses mustbe evently spaced. Ifthe signal isnotstable, itisrecommended
to change the tacho mounting (shift it relative to the shaft or horizon).

. Setup vibration measurements (amplitude and phase of vibration at the

rotation frequency, rotational speed).

. Takemeasurementdata of initial vibration inallmeasurement points (prior

to trial weight mounting).

. Placethefirsttrial weight.

. Measurethe vibration parameters atall the selected control points with the

trial weightattached.

. Proceed with calculations of the corrective weight.

. Bythecalculated value ofefficiency (inthis program, the estimated vibration

level is the maximum vibration value in all measurement points) make a
decisionon whether terminating trial runs and going to the correction weight
mounting, or mount the next trial weight if the estimation is more than
needed.

. Ifyoumakedecisionto continuethetrial runs, place the nexttrial weightand

repeat the previous steps.

10.After you are satisfied with the estimated balancing efficiency oryouhave

donealltrial runs (placed all trial weights in all possible planes - atmost 3),
attach the determined corrective weights.
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11.Measure vibration parameters in all points. By the measurement data the
program computes the additional correction weights and vibration re-
sponse to them. Make decision on the basis of the computation whether to
finishatall, or startthe new balancing cycle, or continue to measure after
mounting the calculated weights. If expectancy is greatenough (vibration
wouldbereduced 1.5-2 times), youmay mount calculated weights and take
mesurement dataonce againas well as calculation of correction weights and
balancingefficiency. Ifthe expectancy is small, youmay

e terminatethebalancing cycle with the currentmachine (while the number of
measurement points is greater than the number of balancing planes, the
balancingefficiency s limited even theoretically),

e continue mounting trial weights ifthere balance planes yetunused.

e makeonemorefullbalancingcycleincludingtrialruns withnew trial weights.
The reason for the later case may be the measurement errors or the
dependance ofthe machinemechanical parameters on vibration magnitude.

The DC-12balancing program features include balancing by known influence
coefficients. Ifinfluence coefficients ofthe machineunderbalancing areknown,
forexample, recorded during previous balancing cycle and the machine was not
repaired considerably, it can be balanced without trial runs. Note also that the
tacho mark should be on the same place.

Todothis, selectthe Balancing by Known Influence Coefficients after the initial
vibration measurements made. Enter the influence coefficients for each plane
and corrective weights will be calculated.

The detailed description of the balancing procedure with the DC-12 is
presented below.
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2.2. HOW TO PREPARE
THE DC-12 FOR BALANCING

Anunpleasant surprise is if your instrument would automatically switch off
during balancing. The data obtained would be lost, and the balancing cycle
should be re-started. So you need make some precautions. Getto the DC-12
Main Menu.

Fig. 2.1
DC-12 MAIN MENU 11:50:34
[ CHOOSE ROUTE
[OFF ROUTE
[ DATA TRANSFER
[UTILITIES

e L SN e e Iy S

[APPLICATIONS

- Choose theUtilitiescommand by the up/down arrow keys and press
<Enter>.

Fig. 2.2
UTILITIES 11:50:34

[SETTINGS
[DELETE ROUTE
[ CALIBRATION

e I S Ry S|

[ABOUT THE DC-12

SelectSettingson the screen and press <Enter>. The next screen appears.
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Fig. 2.3
SETTINGS 11:50: 34

[ TIME/DATE
[RS-232 SETUP
[ POWER SUPPLY

I S B R

[DISPLAY AND KEYBOARD
[ MEASUREMENT MODES ]
[ TRANSDUCER ]

Choose Power Management and press <Enter> to display the Power
Managementscreen.

Fig. 2.4
POWER MANAGEMENT 11:50: 34
AUTO SHUT DOWN, min [20]
AMPLIFIERS SWITCH OFF [ON]
BATTERY CAPACITY 5 h 56 min

CHARGED BATTERY
CAPACITY 8 h 0 min

OPERATING TIME 17 h 36 min

[ CHANGE ACCESS RIGHTS]

SetAuto Shut Down to Noby the right-left arrow buttons. In this mode, the
instrument should be switch off only manually. Todo so, use the<Power>key.
Itdisplays the menu for saving your data as itis described in the next section.
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2.3. SAVING YOUR
DATA

Note

Fig. 2.5

Save Status & Switch off

Switch off

Save Status

Cance

Fromaboveitis apparentthatitis importantto save your datain thenonvolatile
memory during balancing with DC-12. The software provides you with choices
after pressing either the <Power>or <Cancel>keys. These keys are used to
power down or go to the Main Menu but preliminarily you may save your data.

Pressing the <Power>key during balancing displays the Shut Down screen.

If you hold down the <Power> key more longer you cause the deviceto
switch off and any balancing information will be lost.

SHUT DOWN 11:50:34
[ SAVE STATUS & SWITCH OFF ]
[SWITCH OFF
[ SAVE STATUS

e Iy |

[ CANCEL

Using the up/down arrow keys, choose an options:

Use this command to save all data and switch offthe DC-12. Next time when
youswitchiton, thescreenis displayed you exit from.

Usethiscommand in case you want to switch oftthe DC-12 butnotto save your
balancing data.

Use this command to save all data to nonvolatile memory of the instrument
without switching offthe DC-12 itself. Y ou may use this command to backup
your data at times to be sure they cannot be lost.

Youescape to the screen where you try to switch off the device.

If you have interrupt the balancing application by the <Cancel> key, the
Balancing--Cancel screendisplayed.

Typically, by using the <Cancel>on the DC-12, you exitthe current program,
1.e. balancing. In ordernotto loose essential data, you will be prompted first to
save the measured and entered data. These data can be used laterifyou are
not finished balancing amachine and may wish to continue balancing.
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Fig. 2.6

ExittoMain Menu

Save Status & Exit

Save Status

Canced

Fig. 2.7

Continuebalancing

New balancing

BALANCING -- CANCEL 11:50: 34
[EXIT TO MAIN MENU
[ SAVE STATUS & EXIT
[ SAVE STATUS

—_ - - -

[ CANCEL

Using the up/down arrow keys, select the command of interest and press the
<Enter>key.

The command to exitto the Applications menu without saving data.

Itsaves balancing data and exit to the mainmenu of the DC-12. In balancing,
you will be back to the screen where you have pressed theCancel button.

The command allows you to save balancing dataand go back to your previous
screen. You may use the command to back up your data.

Youwill be back to the previous screen.

Afteryousaves the balancing datausing the <Power>or<Cancel>key and run
the balancing program (Application Menu/Balancing) once again, the screenis
displayedas follows:

BALANCING - STARTUP MODE 11:50: 34
PREVIOUS BALANCING CYCLE WAS INTERRUPTED

[CONTINUE BALANCING ]
[NEW BALANCING ]

The screen allows you to make your choice between the following
The command to go back to the previous screen.

By the command you will be prompted to set up the new balancing cycle.
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2.4. BALANCING SETUP OVERVIEW

Fig. 2.9

Fig. 2.10

Tosetupthe DC-12 for balancing, selectthe Application command from the
mainmenuof DC-12. Todoit, usethe up/down arrow keys and press <Enter>.
Then selectBalancingfrom the Application menu.

APPLICATIONS MENU 11:50:34

[ MESSAGES

[ TACHO MONITOR

[ BALANCING

[ BALANCING LOGS
[VECTOR CALCULATOR

e e e (S o S |

[REMOTE CONTROL

Since you pressed <Enter >, the Balancing Setup screen appears.

BALANCING SETUP 11:50:34
MACHINE ID L ]
NUMBER OF MEASUREMENT POINTS [ 1]
AMPLITUDE UNITS [ m/s? ]
DETECTOR [ PEAK ]
ROTATION SPEED [ Hz ]
TACHO SIGNAL ANALYSIS AUTO
MEASUREMENT CONTROL AUTO
ANGLE READING DIR. [ WITH ROTATION ]
[NEXT]

This dialogis used to setup anew balancing operation. Here you can enter the
name of the machineto be balanced as well as parameters of measurement and
balancing weightattachment.

Duringbalancing measurements the DC-12 uses automatic analysis of the tacho
and vibration signals. As soon as the desired measurement accuracy will be
achieved, the measurements will be stopped or warning messages will be
issued.

Here youcanset the following parameters:
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MachinelD

Number of
M easur ement Points

AmplitudeUnits

Detector

Rotation Speed

TachoSignal Analysis

M easur ement Control

A machine name may contain up to characters.

Usethe alphanumeric keys to enter the machine name. Each of the keys has 4
characters thatscroll while pressed. Forexample, toenter "1", press the 1 key
once, toenter "A", press 1 key twice, etc.

Use the left arrow for backspace and the right arrow to move to the next
character.

Thisis the number of points at which you will measure the vibration amplitude.
Thenumber canbe entered fromthe keypad or changed by using left/rightkeys.

Using the left/rightarrows, choose the units you prefer foramplitude represen-
tation. Choicesare: G, m/s2, mm/s,um, in/s, mils.

With the left/right arrows choose the detector to be used for graph represen-
tation, either RMS (Root Mean Square), Peak, or Peak-to-Peak.

Using the left/right arrow keys, select the units for rotation speed: Hz, RPM
(revolution per minute), RPS (revolution per second - equals to Hz).

issetonly to Auto during balancing measurements. Y ou can read more about
this setting in the DC-12 manual, phase measurements section. This mode
provides that the quality of tacho signal will be analyzed. In the case of poore
signal one of the following messages may be displayed at the bottom ofthe
Vibration Measurement screen.

RPM isout of range itmeansthatthe currentmachinerotationspeedisnot
within the range of 60 through 100000 RPM

Nosynchronization thereisnosignal fromthetacho probe. Thereason for
it may be bad tacho probe placing or bad mark
attached to the shaft or tacho isnot connected to the
DC-12. Recommendation is to change the tacho
positionordirection.

Unstablesynchronization  thereis arandom signal or signals per shat
revolution.

MANUAL. Themodeallows to produce up to 2000 averages of the measured
parameters. The measurement process is interrupted manually with the <Enter>
key.

AUTO. The measurement quality and possible errors are analyzed automati-
cally duringmeasurements. Then the following messages are displayed depend-
ing ontheresults of the analysis.

Required accuracywasobtained ~ Whenthe intended measurementac-
curacy isachieved, the measurement process will be
automatically stopped.
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AngleReadingDir.

Fig. 2.10

Attention!

If the intended measurement accuracy is not achieved, the measurement
process will be stopped automatically after 30 averages. After that, the DC-12
suggests a possible cause of measurement inaccuracy such as:

Random noisedetected
Har monicsnoisedetected

[fmeasurement process is interrupted by the operator, the following message
isdisplayed.

M easurement is stopped

Ifless than 3 readings have been taken, they whould be skipped.

Usingthe left/rightarrow keys, you can selectan angle reading direction, with
oragainstrotation. The angle readings are used for trial and balancing weight
attachment.

After you setup the measurements, selectNextand press <Enter>to accept
your settings and continue the balancing procedure. The Point-Channel screen
willbedisplayed.

POINT CHANNEL 11:50:34
1 [ 1]
2 [ 1]
3 [ 1]
4 L 1]
5
6
7
8
[PREVIOUS] [NEXT]

The screen is used for amulti-channel adapter to set one-to-one correspon-
dence between measurement points and channels.

Sincethere isnoindication at Vibration Measurement screen for any channel
number, itisrecommended to use the same channel numbers as for measure-
ment points. Note that one channel may be also used to access several points.

This software version assumes that sensor sensitivities are the same and equal
to the one chosen in the Transducer sectionofthe Settings menu (Main menu-
>Utilities->Settings).

Ifone-channel adapter is used those settings are scipped.
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2.5. VIBRATION
MEASUREMENTS

Fig. 2.11

Thisis one ofthe general balancing screen. Itisused to measure amplitude and
phase parameters at machine operating speed as well as the current rotation
speed.

This is one of the general balancing screen. Itis used to display the vibration
measurement status. During measurement, the mean amplitude and phase
values are displayed together with the current rotation speed and the number
ofaverages done.

Displayedarethe balancing step (forexamle, Initial Vibration) and the number
ofameasurementpoint.

VIBRATION MEASUREMENT 11:50:34
INITIAL VIBRATION
MEASUREMENT POINT 1
NOT MEASURED

[ PREVIOUS] [START] NEXT

The currentbalancing stage is shown by indications Initial Vibration or Trial
Weight N (where N is the number of a balance plane) or Test Measurement N
(where N is the number ofa test measurement) as well as the measurement poit
number.

The measurement parameters are represented by magnitude and phase and
running speed values. The number ofaverages obtained is also shown.

The automatic analysis of the input signal parameters is performed during the
measurement. In the case of deviation from the required quality of the signal
from the tachometer or the vibration transducer, the message appears. By
default, the measurement is stopped automatically as soon as the required
accuracy of the readings is achieved. In this case, the following message
appears - “Required accuracy was obtained”.

Tocheck signal quality afteramanual break, the signal variance is shown in per
cent.

The commands at the screen bottom can be selected by the left/right, up/down
arrow keys and provide the following operations:
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Start/Stop
Previous

Next

2.6. ATTACHMENT OF

The command to start/interrupt measurement process.
Use this button to go to the previous screen.
Brings you to the next measurement screen or ascreen to selectajob.

The screen allows you to enter data with the keyboard. To do so, press the up
arrow. To navigate between fields, use the up/down arrows. Then press
<Enter> to set focus on theNextcommand.

THE TRIAL AND CORRECTION WEIGHTS

| mportant!

Fig. 2.12

This section covers the common balancing problems that occurs during weight
attachment.

Thereis alarge range of weight attachment types and they are not considered
here.

The DC-12 balancing program provides two kind of placing trial weights - with
orwithoutremoving the previous one. Thatis any trial weight can be removed
orleftinplace.

It is recommended to remove all trial weights before placing correction
wel ghts because the program computes them just for that case.

Ifthe trial weights cannot be removed due to some inconveniences, the value
and mounting angle ofa correction weight mustbe calculated withregard to the
trial weightremained in the given plane.

Todo this, use theSum Weightssubprogram (see section4.3). You go to this
subprogram from the Job Type screen which is displayed after correction
weightcalculation.

JOB TYPE 11:50:34
[CONTINUE BALANCING]
[TEST MEASUREMENT ]

[SUM WEIGHTS]
[SPLIT WEIGHT ]

[ PREVIOUS]
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Theutility allows youto calculate parameters of the required correction weight.
To do so,

-selectthe calculated correction weight as the first part of the summed.

-selectthetrial weight leftin place as the second part of the summed. Note that
to put a minus sign before it, you need to press the dot key <pmme>.

The computed weight should be attached as the correction one.
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3. OPERATING THE DC-12 BALANCING PROGRAM

This section covers an entire balancing cycle using the DC-12 balancing
program starting from measurement setup to balancing conclusion.

3.1. HOW TO SET UP

BALANCING
The Balancing Setup screen with selected parameters is shown below.
Fig. 3.1
BALANCING SETUP 11:50: 34
MACHINE ID L ]
NUMBER OF MEASUREMENT POINTS [ 1]
AMPLITUDE UNITS [ m/s? ]
DETECTOR TYPE [ PEAK ]
SHAFT SPEED [ Hz ]
TACHO SIGNAL ANALYSIS AUTO
MEASUREMENT CONTROL AUTO
ANGLE READING [ WITH ROTATION ]
[NEXT]

The nextcommand displays the Point - Channel screen.

See Section 2.4 formore information.

3.2. BALANCING
PROCEDURE

After you have selected Next in the previous screen, the initial Vibration
Measurementscreenis displayed

Fig. 3.2
VIBRATION MEASUREMENTS 11:50: 34
INITIAL VIBRATION
MEASUREMENT POINT 1
NOT MEASURED

[ PREVIOUS] [START/STOP] NEXT

To initialize the measurement process, choose theStar tbutton.
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Fig. 3.3

Fig. 3.4

The same screen after the measurement made:

VIBRATION MEASUREMENT 11:50:34
INITIAL VIBRATION
MEASUREMENT POINT: 1
AMPLITUDE ( m/s2 ) 1.029
PHASE ( DEG ) 1
SPEED ( Hz ) 49.09
MESSAGES
[ PREVIOUS] [START] [NEXT]

The screen shows the numerical value of the vibration vector at the current
measurement point. [fneeded, youmay interrupt the measurement process with
the Start/Stop command. To proceed with an iterrupted measurement use the
same command. To check signal quality after a manual break, the signal
variance is shown in per cent.

The screen allows you also to enter data with the keyboard. To set focus onan
input field, use the up/down arrows, then enter you data. On conclusion, press
the <Enter>key to select the Next command.

Afterthemeasurementis automatically finished - ifno messages were on either
measurement errors or inaccuracy - you must press theNextbutton.

The similar screen will be displayed for the next pointnow. If youneed to view
the previous measurements, press the Previous button. After the initial
vibration data are taken, the Vibration Measurement Results screen will be
displayed to show all the data.

VIBRATION MEASUREMENT RESULTS 11:50: 34
INITIAL VIBRATION
POINT # AMPLITUDE PHASE SPEED
( m/s? ) (DEG) ( Hz )
[1] 1.029 1 49.09

[NEXT ]
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Fig. 3.5

ContinueBalancing

Balancing by
I nfluenceCoefficients

Previous

Thisdialogdisplaysthe vibration parameters inall measurement points. Youcan
repeat vibration measurements atany point. To do this, use the arrow up/down
keys to select the measurement point and press the <Enter>key to go to the
measurement screen for the selected measurement point. The <Cancel>key
brings you to the main menu and allows you to save data priorto it.

TheNextcommand displays the Balancing Mode Select screen.

BALANCING MODE SELECT 11:50:34

[ CONTINUE BALANCING]
[ BALANCING BY INFLUENCE COEFFICIENTS ]
[ PREVIOUS]

This screenis for choosing ajob to proceed. Now, you can decide whether to
proceed through the full balancing cycle with trial runs or, if you know the
influence coefticients, for this specific machine, you can proceed balancing by
using influence coefficients withouttrial runs.

Inthelatter case, you have to place the phase reference tacho and mark for it
atthe same place of the shaft as they were when you recorded the influence
coefficients.

Use this command to proceed with balancing - enter the parameters of trial
weights and start trial runs.

Use this command to enter the influence coefficients for this machine and
calculate correction weights without trial runs. (See section 3.4).

This command is used to revert to the previous window - Initial vibration
measurementresults.

Ifyouselected theContinueBalancingcommand, the Trial Weightscreenis
displayed.
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Fig. 3.6
TRIAL WEIGHT 11:50: 34
TRIAL WEIGHT # 1
ATTACHMENT TYPE [ TEMPORARY ]
ANGLE READING DIR. WITH ROTATION
WEIGHT (GR) [ 0.000]
ANGLE (DEG) [ 0]
NEXT
[TRIAL WEIGHT ESTIMATION ]
[SUM WEIGHTS 1
[SPLIT WEIGHT ]
[ PREVIOUS ]
Youhaveto stop the machine and place the trial weight. This dialog box allows
youto enter the parameters of trial weights to be mounted in the selected plane.
Usingthekeypad, enter the following weight parameters
Attachment Type selectwhetherthe current trial weight will be removed or leftin place prior to

AngleReading Dir.

Weight

Angle

Trial Weight Estimation

SumWeights

Split Weight

thenexttrial weight attachment. Itisrecommended to remove the previous trial

weight.

Thedirection you have selected is shown for reference.

canbemeasured in grams, as well asinany otherunit, e.g. volume, length (ifyou
userods). The important factor is to use the same units during abalancing cycle.

enterthe angle of the trial weight mounting (in degrees) relative to the zeromark.
Itisrecommended to use the trial weight mounting point as areference. Todo
so, enter the angle =0.

There are utilities youmay call from this screen:
Thenutility allows you to estimate a trial weight by machine parameters.
Apply toSection4.1 for details.

The command to replace two weights mounted at one plane with one weight
which produce the same vibration response. See section 4.3 for comments.

The commandallows you to splita single weight (which should be mounted at
ahardly availablelocation) into several weights by two available locations. See
section4.4 for details.

This isacommon case for fans and other bladed machines where you can not
mount a weight between blades, but can attach weights to the blades. See
section4.2 for comments.

Using the Previousbutton, you may go to the previous screen - Balancing
Mode Select.
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To continue your job, choose theNextcommand, whichis available only after
you entered the required parameters. The Vibration Measurement screen
appears again as follows.

Fig. 3.7
VIBRATION MEASUREMENT 11:50: 34
TRIAL WEIGHT NUMBER 1
MEASUREMENT POINT 1
NOT MEASURED
[ PREVIOUS] [START] [NEXT]
Press theStar tbutton and measure the vibration response to the trial weight.
Press theNextbutton, and the next similar screen appears for the next point.
Afterall measurements are over, the Measurement Results screen appears.
Fig. 3.8
MEASUREMENT RESULTS 11:50: 34
TRIAL WEIGHT 1
POINT AMPLITUDE PHASE SENSITIVITY
(mm/s) (degree)
1 5.75 215
2 13.16 127
[NEXT]

Using theup/down arrows, you can select the Measurement pointand press the
<Enter>keyto go to the measurement screen for the selected point. In this way
you canrepeatthe measurement procedure. If you press the <Cancel>key, the
program goes to the Main Menu. In this case, youmay save your data.

Ifthe vibration response to the trial weight is low and you want to leave the
weightin place once you have selected removing it, use the Previous button to
getback tothe Trial Weightscreen and change the weightattachment type. You
need not to repeat measurements.
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Fig. 3.9

Fig. 3.10a

The sensitivity column shows whether or not vibration response to the trial
weight occurs atall measurement points. [fnot, the Low Sensitivity screen
appears after you pressed the Nextbutton.

11:50:34
LOW TRIAL WEIGHT SENSITIVITY,
POSSIBLE MISALIGNMENT OR SHAFT BEND.
CAN NOT CALCULATE CORRECTION WEIGHTS
TRY TO INCREASE TRIAL WEIGHT AND REPEAT
TRIAL RUN, OR CORRECT THE SHAFT DEFECT

[ REPEAT]

TheRepeatbutton brings you the screen to enter trial weight parameters, the
<Cancel>key allows you to go to the Main Menu.

Afterthe trial weights are mouted at the second and third planes, the check is
done on balancing planes equal by vibration response. If such planes are
detected, the Equal Balancing Planes screenis displayed.

EQUAL BALANCING PLANES 11:50:34
SELECT PLANE TO COMPUTE:

[1ST PLANE]
[2ND PLANE]
[BOTH PLANES ]

Make your choice. Note thatusing both equal planes can reduce calculation
accuracy andbalancingefficiency. Alsoitcanlead tomounting too bigbalancing
weights.

Ifyouhave selected one ofthe planes, skip the measurement data at the last
plane. Itallows youto work with three non-equal planes. To do so, select Both
Planes and press <Enter>. Use the Previous button till you get to the Trial
Weightscreen. Mount the trial weight at the next plane and continue to balance.
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Fig. 3.10b

Fig. 3.11

ContinueBalancing

Test Measurement

Ifthe measurement is sufficient, the Correction Weights screen is appears.

CORRECTION WEIGHTS 11:50:34
ESTIMATED VIBRATION (m/s2): 0.052
ANGLE READING DIR. WITH ROTATION
PLANE # WEIGHT ANGLE
(GR) (DEG)
1 1.075 182
[NEXT]

This dialog presents the results of balancing weights calculations. Using this
data, youmust make a decision on whether you have to continue balancing or
thatthe estimated resultare sufficient for your machinery.

Here, yousee the estimated maximum vibration level atall points if youmount
the weights listed below in the specified planes. Also displayed is the Angle
reading direction you have selected in the Balancing Setup dialog.

Press theNextbutton and the Job Type screen will be present.

JOB TYPE 11:50: 34
[ CONTINUE BALANCING]
[ TEST MEASUREMENT ]

[ SUM WEIGHTS]
[ SPLIT WEIGHTS]

[ PREVIOUS]

This screen enables you to select one of the following jobs:

Yougettothe Trial Weight screen to enter the next trial weight parameters and
proceed with balancing.

Yougettothe Weights Are Placed screen to take test measurement. In this case
youmustplace the corrective weights which value must be more close to the

calculated ones.



VAST_BAL DC-12M

User's Manual 25

SumWeights

Split Weights

Fig. 3.12

Fig. 3.13

A support program enables you to sum several weights placed at the same
plane. See Section4.3.

A supportprogram enables you to distribute the calculated mass among the
candidate places atthe given plane. See Section4.2.

Selecting the Previousbutton, you go to the previous screen - Correction
Weights (Fig.3.10).

Ifyouhave chosenT est M easur ement, the Actual Weights Attached screen
appears.

ACTUAL WEIGHTS ATTACHED 11:50: 34
PLANE # WEIGHT ANGLE
(GR) (DEG)
1 L 0.000] L 0]
[ PREVIOUS ] [NEXT ]

Inthisscreen you have to enter with keyboard the actual parameters of the trial
weights placed - Weight and Angle which can differ from the calculated.

Using thePr eviousbutton, youmay go to the previous screen - Job Type (Fig.
3.11).

Press theNextbutton, and the Vibration Measurement screen appears and the
measurement process starts.

VIBRATION MEASUREMENT 11:50:34
TEST MEASUREMENT
MEASUREMENT POINT: 1
NOT MEASURED

[ PREVIOUS] [ START] [NEXT]
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Below you can see the same screen after the measurement made.

Fig. 3.14
VIBRATION MEASUREMENT 11:50: 34
TEST MEASUREMENT
MEASUREMENT POINT: 1
AVERAGE NUMBER: 4
AMPLITUDE ( m/s? ):
PHASE ( DEG )
SPEED ( Hz ):
MESSAGES
[ PREVIOUS] [ START] [NEXT]
Displayed are the results of vibration measurement after the corrective weights
have been placed. After the measurement made, the Measurement Results
screen appears.
Fig. 3.15
MEASUREMENT RESULTS 11:50:34
TEST MEASUREMENTS
SPEED (RPM) 3000
POINT AMPLITUDE PHASE
(m/s2) (DEG)
1 5.75 215
2 13.16 127
[ NEXT]

Usingtheup/down arrows, you canselectthe Measurement pointand press the
<Enter>key to go to the measurement screen for the selected point. Soyou can
repeat the measurement procedure. If you press the <Cancel> key, the
program goes to the Main Menu. In this case, youmay save your data.

After youpressed theNextbutton, the program goes to the Job Type screen.
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Fig. 3.16

Trim-balancing

Finish

JOB TYPE 11:50: 34
[ TRIM-BALANCING]
[FINISH ]

[ PREVIOUS ]

This screen provides you to select from the following options:

Ifthe intended balancing efficiency have notbe achieved, you canincrease itby
this command. The command calls the Correction Weights screen, which
displays the weights to be placed to increase efficiency. There may be several
steps of Trim-balancing. See Section 3.3.

terminates balancing and processitsresults. The program goes to the Balancing
Report(see Section 3.4), which contains several screens. By theNextbutton
you canview over each screenful.

Using the Previousbutton you can go back to the Measurement Results
screen.
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3.3. TRIM BALANCING

Trimbalancing is a correction of the balancing weights value. Itis performed
after the balancing made and balancing weights attached. Itis notrequired to
placethetrial weights as well as the trial runs atall. This job can be chosen from
the Balancing Mode Select screen after the test measurement is taken.

Fig. 3.17
BALANCING MODE SELECT 11:50: 34
[ TRIM-BALANCING]
[FINISH]
Ifyouhave selected this mode, the Correction Weights screen would appear.
Fig. 3.18
CORRECTION WEIGHTS 11:50: 34
ESTIMATED VIBRATION (m/s?): 0.052
ANGLE READING DIR. WITH ROTATION
PLANE # WEIGHT ANGLE
(GR) (DEG)
1 1.075 182
[NEXT]

This screen displays the correction weights calculated by the program. To
proceed with balancing, place the weights which actual value must be much
more closeto the calculated. Pressing theNextbutton displays the Balancing
Mode Select screen appears.
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Fig. 3.19

BALANCING MODE SELECT 11:50:34

CONTINUE BALANCING
[TEST MEASUREMENT ]

[ SUM WEIGHT ]
[SPLIT WEIGHT]

ContinueBalancingisnotavailable. The DC-12 program made balancing by
cycle. Each cycle begin either with balancing or with balancing by influence
coefficients and continue through trim-balancing. Tobeginnew balancing, you
need to finish your job by the T est M easur ementcommand. After the test
measurement made and Report presentation the Job Type screen appears (see
Fig.3.28) through which you can startnew balancing cycle. In this case the test
measurementresults will be considered as the initial vibration one.

Byusingthe Test Measurement command you may repeat trim-balancing (up
to 5 times) or go to the new balancing.

3.4. FINISH BALANCING

Fig. 3.20

Toend up the balancing cycle, chooseFinishfromthe Job Type screen (Fig.
3.16). Youwill be enabled to view over a Balancing Report,which contains
several screens. By theNextbutton you can view over each screenful.

Allthedataentered or obtained during this balancing cycle will be present in the
report.

Anexample ofthisis shown in the next figures.

BALANCING REPORT 11:50: 34
DATE: 05-02-98

MACHINE ID: 444

NUMBER OF MEAS. POINTS 1

NUMBER OF PLANES 1

AMPLITUDE UNITS um

DETECTOR RMS

ROTATION SPEED RPM

ANGLE UNITS DEG

ANGLE READING DIR. WITH ROTATION
ROTATION SPEED 9520.97 (RPM)

[ PREVIOUS ] [NEXT]
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Fig. 3.21

Fig. 3.22

Fig. 3.23

INITIAL VIBRATION 18:27:53
POINT # AMPLITUDE PHASE
(um) (DEG)
1 29.264 2
[PREVIOUS] [NEXT]

TRIAL WEIGHT NUMBER 1 18:30:30
WEIGHT 300.000; ANGLE 5; TEMPORARY
POINT # AMPLITUDE PHASE

(um) (DEG)
1 7.101 356
[ PREVIOUS] [NEXT]
CORRECTION WEIGHTS 18:33:38
PLANE No WEIGHT ANGLE
1 359. 131 2
[ PREVIOUS] [NEXT]




VAST_BAL DC-12M User's Manual 31

Fig. 3.24
ACTUAL WEIGHTS ATTACHED 18:34:52
PLANE No WEIGHT ANGLE
1 2.000 0
[ PREVIOUS] [NEXT]
Fig. 3.25
TEST MEASUREMENT 1 18:.36:52
POINT # AMPLITUDE PHASE
1 7.138 6
[PREVIOUS] [NEXT]
Fig. 3.26
INFLUENCE COEFFICIENTS 18:37:54
PLANE No. 1
1 -1.041e-01 -7.332e-05
[ PREVIOUS] [NEXT]

This screen shows the influence coefficients which have been calculated during
the balancing for each weight attached.
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Note
Fig. 3.27

Fig. 3.28

These coefficient should be saved to balance the given machine by the known
influence coefficients (without trial runs). It can be made by writing down them
or printing the report.

Keep the order of coefficients to be successful.

END OF BALANCING REPORT 18:37:58

YOU JUST REACHED THE END OF BALANCING REPORT.
NOW YOU CAN CHOOSE "SAVE™ OPTION TO SAVE THE
REPORT FOR FUTURE USE UNDER THE NAME
"bal002.1log”. YOU CAN PRINT IT OR VIEW AT HOST
PC USING DEDICATED SOFTWARE TOOLS.

[ PREVIOUS] [ SAVE ] [DISCARD]

Onceyoupressed theSavebutton, thereport will be saved as File “bal001.1og™.
The data collector can store anumber of reports which is differed by an order
number. For example, you can save reports of sequential balancing cycles for
the givenmachine. See Section 1.2 of Appendix 1 forinformation on the storing
and printing the reports using the PC.

Afteryouview over the Balancing Report, and select theSavebutton to save
the report or theDiscar dbutton to don't save it, the Job Type screen appears.

JOB TYPE 11:50:34

[ FINISH BALANCING]
[NEW BALANCING]

Usingthis screen, youmay:

Finish Balancing-the balancing for the given machine is terminated, and the
current data are deleted excluding the balancing report. The program goes to
the Balancing Setup screen.
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Fig. 3.29

ContinueBalancing

Balancing by
I nfluenceCoefficients

Previous

3.5. BALANCING BY

Start New Balancing. In this case, no need to measure the initial vibration
because the program takes the last results of the Test Measurement and go at
onceto the Balancing Mode Select screen:

BALANCING MODE SELECT 11:50:456

[ CONTINUE BALANCING ]
[ BALANCING BY INFLUENCE COEFFICIENTS]
[ PREVIOUS]

This screen allows you to select one of the next options:

brings youto the Trial Weight# 1 screen.

you getto the Influence Coefficients Inputscreen (see section 3.4).

brings youto the Vibration Measurement Results screen with initial vibration
results. You can either repeat the measurement by pressing the up arrow button
and selecting a point to measure (confirm your choice by the <Enter>key) or
pressNext, which s selected by default to continue the balancing.

INFLUENCE COEFFICIENTS

Fig. 3.30

Thisjob canbeused after the initial vibration measurement made or after the
previous cycle of balancing is terminated (by pressing theNew Balancing
button). This sectiondescribes the succession of steps of balancing by influence
coefficients with the DC-12 balancing program.

This screen enables you to selecta balancing type:

BALANCING MODE SELECT 11:50: 34

[ CONTINUE BALANCING]
[ BALANCING BY INFLUENCE COEFFICIENTS]
[ PREVIOUS]
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Fig. 3.31

Fig. 3.32

SelectBalancing by I nfluence Coefficientsand press <Enter>. The Influ-

ence Coefficients Input screen appears.

INFLUENCE COEFFICIENTS INPUT
PLANE NUMBER 1

1 [ 0.000e+00] [ 0.000e+00]

[ PREVIOUS ] [NEXT ]

11:50:34

[ CALCULATE]

Inthis screen, you can enter the influences coefficients thathave been saved for
thismachine. The order of coefficients mustbe the same as it was in the Influence

Coefficients screen of the Report (Fig. 3.26).

To gotothenextplane, press theNextbutton. You canreturn to the previous

screen by thePr eviousbutton.

To confirm your input, press theCal culatebutton. The Correction Weights

Screen appcears.

CORRECTION WEIGHTS
ESTIMATED VIBRATION ( m/s? )
ANGLE READING DIR.

WITH ROTATION

PLANE # WEIGHT ANGLE
(GR) (DEG)
1
[NEXT]

11:50:34

The next steps have been described in Section 3.3.
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4. SUPPORT PROGRAMS

4.1. TRIAL WEIGHT
ESTIMATION

Fig. 4.1

Fig. 4.2

This section describes the additional programs thatare included inthe DC-12
balancing program butnotemployed directly with corrective weights calcula-

tion.

One ofthemostdifficult operations in balancing is the choice of the trial weight
amount. Ifitis small, the response might be comparable toameasurement error
and the calculation would be impossible. Too big a weight may cause the

machine breakdown.

The optimum method is to determine trial weights experience in balancing this
machinetype. Ifyoudonothavethis experience, we recommend using the Trial

WeightEstimationutility.

TRIAL WEIGHT

TRIAL WEIGHT #
ATTACHMENT TYPE
ANGLE READING DIR.
WEIGHT (GR)

ANGLE (DEG)

NEXT
[ TRIAL WEIGHT ESTIMATION ]
[ SUM WEIGHTS ]
[SPLIT WEIGHT ]
[ PREVIOUS ]

11:50:34

1
[ TEMPORARY ]
WITH ROTATION
[ 0.000]

[ 0]

After you selected the Trial Weight Estimation command and pressed
<Enter>, the Trial Weight Estimation screen appears.

TRIAL WEIGHTS ESTIMATION

ROTOR WEIGHT (KG)
RADIUS (mm)

WEIGHT (GR)

11:50: 34
[ 100.000]
[ 100.0]
0.5

[NEXT]
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Rotor Weight

Radius

For calculation youneed to enter two parameters with the keypad:
enter the rough estimate of the rotor weightinkg.

enter the radius ofthe trial weight attachment points inmm, i.e. the distance
between rotor axis and weight mounting place.

Putin these dataand press <Enter>. Inthe Weight line, the calculated value
appears of trial weightin g. After that you can change your inputted data and
repeatcalculation.

Press the Next button and you will be back in the Trial Weight screen to
proceed with balancing.

Note thatto do the more precise calculation of the trial weight youmust follow
therulesbelow:

- Ifthemachine foundationisrigid (for example by the anchorbolts), then the
calculated mass need to be magnified twice.

- Ifthemachineis mounted on the damping support, then the calculated mass
is close to the optimum.

- Ifyoubalance therotor without the stator (on the balancing machine), then
the calculated mass need to be divided by two.
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4.2. SPLIT WEIGHT

Fig. 4.3

Fig. 4.4

Inpracticeitis notalways possibleto place the calculated balancing weight at
therequired angle. In this case youneed the operation called mass splitting.

The operation s to split the calculated mass in two parts which are placed in
availablelocations. Itis supposed that the mounting places are spaced regularly

thatis theirmounting angle step and radius are the same.

Y ou can go to this subprogram from the different screens. One of them s the

Job Type screen.

JOB TYPE
[ CONTINUE BALANCING ]
[ TEST MEASUREMENT ]

[SUM WEIGHTS]
[SPLIT WEIGHT ]

[ PREVIOUS]

11:50: 34

Choosethe Split Weight command and press <Enter>. The Split Weight screen

appears.
SPLIT WEIGHT 11:50: 34
WEIGHT (GR) 141
ANGLE (DEG) [ 45]
NUMBER OF POSSIBLE
ATTACHMENT PLACES [ 3]
RESULTS OF WEIGHT SPLITTING
WEIGHT MOUNTING ANGLE

(GR) PLACE (DEG)

100 1 0

100 2 90

[NEXT]

Above is an example of the screen on the splitting mass of 141 g which is
intended to be placed at angle of45 degrees. The locations are spaced at 90
degrees. The location of the first weightis considered as the arbitrary zero for
the mounting angle. The program recommend to place two weights of 100 g at

0 and at 90 degrees.
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4.3. SUM WEIGHTS

Fig. 4.5

Fig. 4.6

Inpractice, there are often cases when several corrective weights are mounted
atone plane. Thatis forexample when one machine has been balanced several
times. Tosumall such weights into one, the Sum Weights subprogramisused.
Inthe DC-12 balancing program the weights are added by two. To add more
than two weights, the action mustbe repeated.

Y ou goto this subprogram from the Job Type screen.

JOB TYPE
[ CONTINUE BALANCING ]
[ TEST MEASUREMENT ]

[SUM WEIGHTS]
[SPLIT WEIGHT]

[ PREVIOUS ]

11:50:34

Choose the Sum Weights command from this screen and press <Enter>. The

Sum Weights screen appears.

SUM WEIGHTS 11:50: 34
WEIGHT ANGLE
(GR) (DEG)
WEIGHT 1 [ 100] [ 0]
WEIGHT 2 [ 100] [ 90]
SUM 141 45
[NEXT]

Y oucansee above anexample ofaddition with one weightof 100 g, 90 degrees
and another weightof 100 g, 0 degrees. The program recommends to mount
the summary weightof 141 gat45 degrees.
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APPENDIX 1

HOW TO USE THE VAST PT-1 PHOTOPROBE
FOR BALANCING MEASUREMENTS

Fig. Al.

Tomeasure vibration parameters with the DC-12,the VAST PT-1 photoprobe
isavailable foruse as an auxiliary equipment. Itis shown in Fig. below.

g
(2]

Cabling this probe to the DC-12, use the Tacho input on the input panel of the
device. This inputis also used to power the photoprobe, thus itisnotrequired
additional power supply.

On the rear panel of the photoprobe, there is a status led. While the probe
transfers asignal, the ledis lighting thatindicates the proper state and mounting
ofthe probe.
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APPENDIX 2

APPLICATION SOFTWARE TO LOAD THE BALANCING PROGRAM
TO THE DATA COLLECTOR

dd

Warning

The application software is installed onto the PC and provide loading the
balancing program onto the DC-12. It consistof ProgramDC__sfx.exewhich
unpacks the file while you start setup and creates program files dcle.exe,
dclr.exe dclwe.exeanddclwr .exein the program folder.

Theletter meaningis

data collector

the program works under Windows-95
russianversion

englishversion.

To provide security, the balancing software would be work only with the
DC-12 of the given serial number. Using the programwith another DC-
12 would be a frustrated experience.

Toload the software afteryouaddressed VAST, Incandreceivedit, just follow
the instructions on the screen.
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APPENDIX 3

APPLICATION SOFTWARE TO LOAD AND STORE
BALANCING REPORTS

To provide unloading the reports from the DC-12 to the host computer, their
printing and storage, you need the Rus.110 Application software. The
software works under Windows-95.

Toinstall it, just follow the instruction appeared on the screen.



	CONTENTS
	1. Balancing Basics 
	1.1. Introduction 
	1.2. What is  a machine unbalance? 
	1.3. Balancing 
	1.4. Single plane and multiplane unbalance 
	1.5. The method of balancing weights analysis 
	2. DC-12 Balancing Peculiarities 
	2.1. Balancing Steps overview  
	2.2. How to prepare the DC-12 for balancing 
	2.3. Saving your data 
	2.4. balancing setup overview 
	2.5. Vibration measurements 
	2.6. Attachment of the trial and correction weights 
	3. Operating the DC-12 balancing program 
	3.1. How to set up balancing 
	3.2. BALANCING PROCEDURE 
	3.3. TRIM BALANCING 
	3.4. Finish balancing 
	3.5. BALANCING BY INFLUENCE COEFFICIENTS 
	4. SUPPORT PROGRAMS 
	4.1. TRIAL WEIGHT Estimation 
	4.2. Split weight 
	4.3. SUM WEIGHTS 
	Appendix 1 
	How to use the VAST PT-1 photoprobe  for balancing measurements 
	Appendix 2 
	Application software to load the balancing program  to the data collector 
	Appendix 3 
	Application software to load and store balancing reports 


