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Intr@ductmn} —

BElICINGISTC t reguired to reduce
ibration at 1x running speed.

o 3(11(1 .:mg In-place Is also referred to as
= icl d Balancing or Trim Balancing.

.-:; ammon balancing technigues:

—

e

S
—

— >S|ngle -Plane Vector Method
: >Four-Run Method (No Phase)
»|_east-Sguares Influence Coefficients



When Center of C‘rw]ﬁ:y
Differs from Asxis of Rotation
This Causes Imbalance

F = mSGOz

w O = Journal Axis
ve CG = Center of Gravity
F = Centrifugal Force

m = Mass of Section

——
’— ~~

_—
~_——_——

w = Angular Velocity
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"';-‘=Bem shaft, erosion, wear, or other damage.
S Toierances In fabrication, machining, or assembly.

¢ Shifting of parts due to shaft distortion, insufficient
shrink fit, aerodynamic forces, or thermal effects.
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- VI-_ he vibration due to

— ”[HBJ weight plus

o :orlglnal vibration

e \/ector | (influence) is

determined by subtracting
V5 (original) from V- (trial)
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Single-Plane Vector Method
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J6ofection Weight = - —
| Trial Weight:- |V,| —

gcerijon r_ S\WWhisideterminedioysangle .
J]r remove TW before installing CW
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® Plant Personnel Reported High Vibration of
FD Fan After Replacing Roller Bearings

® Second Set of Bearings Were Installed,
But Vibration Remained High

®* Predominant Vibration at 1x Running
Speed of 1745 RPM (29 Hz)

® Reported Difficulty Balancing the Fan
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Vibration (mils p-p)
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Opera qimg- Dﬂefllecti.o‘n 5@@@,@’(@@3’9’

A

SN Epresentation ombasic dimensions:

- TrJﬂAX]’ ‘accelerometer used to measure
\/L)rr @n In three directions at 18 points

‘f.\ Ta‘tlon In displacement (mils p-p)

= _*-Phase angles determined from transfer
- function and stationary accelerometer

e \lodal software used to animate
motion at 1x running speed (29 Hz)
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Stlll-Frarme Reorasantation

1x ODS at 29 Hz

Bearing
Housing



oODS Anirnation”

“Courtesy of
Clear Motion Systems
San Antonio, TX 12
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FD Fan /29 Hz
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JLLJJ‘J“ Prlmarlly at 1x Runnlng Speed

SNHIghnest at Top of Bearing In Horizontal
_)jfé’c! (5 to 6 mils p-p)

== E‘t and Coupling Ends Move In-Phase

B

_———

—f~=—°4\lo Looseness Found Between Bearings,
Pedestals, and Concrete Foundation

* High Vibration Measured on Concrete
~oundation (3 to 4 mils p-p)
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Insenstiveario Reere

Slmllar Vibration Amplitudes and
-~ Phase Angles at Each Bearing

® |ndicates Static Imbalance of Fan
Impeller, Not Flow Induced Vibration
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Fan dr ~e@4%Resul
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> Noe JJ\ E)US mechanical damage.

® E‘-w “peller IS dirty, which could
affe t ‘balance condition.

'-*.ive balance weights of various sizes

— |

i—

- already welded to fan impeller.

—

18



— _ | 1¢ . - P
rour-Run Pallan C@jl\‘%lé‘ Ht)zﬁ'

SIRequires vibration data at 1x running
sp ed. Can be mils or in/sec as long

;5- n3|stent units are used.
=TTase angle data not required.
= Simple, graphical method.

® Computer software not needed.
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Four-Rup Balz eV

‘-'--—-

SHEENIENLENOIMIZIENCINGNIE I ESONaNCE SIACE
dBESHpETElY 0N phase angles. Results can easily be
clerivacl Usis) J olar plot paper and a compass.

AssLrne ";,Ir > Imbalance of fan impeller (single plane).

_,._

QFQJ) :

- _,.,_-— -

=1 "N mber fan blades from 0 to 11, opposite rotation

-ﬁ-_ — _-_.. .

E "'_2-. _'Readlngs taken with the fan running at 1745 RPM

3. Speed verified with optical tach and strobe light

A0)
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Trial weight selected, washer weighed 3.2 0z

TW at Blade O
7.3 mils p-p

/. Washer welded to fan impeller near blade 0.
Resulting vioration was 7.3 mils p-p.

N>
N



3. Wash

or rnoved to fan ol

C.

ide 4 (120 deg)

e

- TW at Blade 4

1.2 mils p-p



9. Wash

TW at Blade 8
7.0 mils p-p

er moved to fan blade 8 (240 d

eg)



10 JFJnJ Approximate
Circles Representing the Thre

Correction
3.2 C

on Point of
ee Trial Runs

2 Intersectio

Baseline

4.4 mils p-p
- r ~ ~

T 3.95 mils p-p @ 131 deg

| Weight =

0Z * 4.4 mils / 3.95 mils = 3.6 0z

N>
(@)



| _ - —
Balanea St ar-y-"' —

2 Erm ‘_)]"' A'\was optimum location

SoNFection weight was 3.6 oz, slightly
mr e than trial weight of 3.2 oz

= éarlng Vibration was reduced to

-—l-"'

-~ 122 mil'p-p (0.1 ips peak at 29 Hz)

. Flnal balanced condition was
considered acceptable for operation

'II.J'
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Case L =Con !clusio'm‘}"‘"’

9 W A rlf Slelel flazr 2l iesenanticondition;
ngles may vary. Using simple four-run
fﬁwas good option for the FD fan.

v Nd.r;_lé_ ___frequenues of the fan rotor, impeller,
—ani “’fE’)Undation should have a separation margin
ifi ‘of at least 10% from the operating speed range
-to ‘avoid high sensitivity to small amounts of

_"’ imbalance, fouling, etc.

* The FD fan moves air at ambient temperature so
thermal effects are not prevalent like an induced
draft (ID) fan or turbine would be.

ilH!l
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3@3,&, Oun, " J“"

SRIEbINe has history of high vibration since
SO SiOning 20 years ago.

® Qfm @us Palance attempts were largely
ccessful

._—_l-l"_'

ﬁ-«""j’he keyphasor (KP) was unreliable making
~ it difficult to reuse influence coefficients.

e Several other problems found with
couplings, bearing pitting, and magnetism.

AY)
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SWASiEmporary optical KP was installed.

JVibrati TT amplitudes and phase angles
W@f‘ Fended over several hours.

|1 as ‘determined that 3 hours were

_—_'-r—' -

——

==" _fr'equwed to stabilize the turbine vibration

———

i

~ While generating 35 MW of power.

® Previous balance attempts did not allow
sufficient time for heat soaking of rotor.
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Shaft Vibration (mils p-p)
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— Turbine Bearing 1 Horz [1x]
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— Turbine Bearing 2 Horz [1x]
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2Determ ined from trial weights and
\/J_)mr n measurements.

gcee man (1964) applied least squares.
i Umed linear behavior.
:ftCan be used with multiple balance planes

:—-'-."

-

B

-and operating speeds.

® Predicted residuals indicate If rotor can
theoretically be balanced.
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- ' I‘q‘fp ' - -
I[mf]u f *?-@@,e!fﬁcierq_fﬁsi(éom )

SeOmmonly used for dynamic balancing.
o jV]a:r‘ 'p'erations may require calculator
J,r‘ *-@__ puter program.

e vibration amplitude and phase at
i_ 4% running speed in multiple directions.

- e Must subtract runout vectors from
proximity probe readings.
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Stao

~ O.)UJIJ .),L)e ENVI19YEt0Y; ‘;" dlitiderand pliase)after
MECHINENS) heat soaked and readings stabilize.

SRS N!]]* 1al weight and retake vibration readings.

> The ai gular location of trial weight Is typically
ne enced to the key phasor, opposite shaft rotation.

— epeat for each balance plane.

= -.,. The influence coefficients are calculated by
— “subtracting the baseline from the trial data and
== dividing by the trial weight.

e Solve for the correction weight(s) needed to minimize
residual vibration.

. —'-r—

|l. 'hli ".
L

\
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10% 0 Forca Meatnod

“Rule of thumb” for sizing initial trial weight:

56347 -W

Where: U = Residual Imbalance (0z-in)
W = Journal Weight (lbs)
N = Speed (RPM)

U

R
99
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Balance Plane 2: Load
Coupling (Generator Endl)

Trial Weight at Plane 2
One Nut Installed on

Backside of Coupling

| 149.6 grams

= s
e e
,—""—-_ ..-\?|
/

_ / a8
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1X Vibration (mils p-p @ deg)

Brg 1 Brg 1
Horz Dir Vert Dir

Baseline 3.1@ -173

TW PL1 485@ 77 5.2 @ -176

TW PL2 50@71 3.9@ 169
Prediction 15@66 1.4 @ 352

Correction 1.5 @ 107 0.2 @6

% Change -70% -93%

Brg 2
Horz Dir

3.9 @ -53
7.3 @ -27
51@ -37

0.84 @ 342

Brg 2
Vert Dir

1.5@ -13
1.1 @ 69
0.74 @ 46

1.3 @ 13

-55%

0%

Plane 1 Plane 2

307 @ 51
150 @ 45
667 @ 174 505 @ 343

555 @ 180 440 @ 345
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Oroilt Plo
As Found vs Bal
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Case 2 — Conclusions

® Turbine vibration readings are often sensitive to heat
and load. During the testing, approx. 3 hours were
required for the vibration readings to stabilize. Even
after steady readings, vibration could still vary with load.

® Final correction weights were installed “out-of-phase” on
both ends of the turbine. This indicates sensitivity to the
conical whirl mode and not the rotor midspan mode,
which would have “in-phase” vibration at both bearings.
| arge weights were required to balance the turbine,
which Indicates available balance planes are at

2S a
neffective locations compared with where the actus
mbalance occurs Iin the rotor.
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