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Development of Bearing Load Measuring Equipment

for Optimal Alignment Condition in Turbine

Seong—Bong Kim

Department of Mechatronics Engineering, Graduate School,
Pukyong National University

Abstract

Frequently, it have a high vibration problem caused by shaft
misalignment though it satisfied alignment condition of coupling
during assembling process of turbine generator in overhaul period.
This is occurred by alignment problem of bearing load condition
though it have a good condition of geometric value in coupling.

Bearing have an excessive load or differential sinking of
foundation structure, But checking of this is impossible because of
elastic deformation from bearing to coupling. So we could not apply
this in alignment procedure. In case of high loaded bearing, rotor
generate high pressure to white metal and this make a inferior
characteristic of it. And, from this phenomena raise oil temperature
inside of bearing, so bearing material defection is accelerated.
Another case of problem, so to speak light loaded bearing, can
make a high vibration by o1l wheep, and this affect to severe

fatigue phenomena to rotor and bearing.



This thesis develop special equipment for measuring bearing load
in alignment procedure. Using measuring device which is developed
in this thesis, we examined relationship of geometrical alignment

condition and bearing load in alignment procedure.
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TxEY 5l (ke)
Bearing Cover 2.50
Bearing Block 5.90

Upper Taper Plate 2.15
Lower Taper Plate 3.15
Side Bracket(2ea) 1.90
Bottom Plate 7.30
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Table 2.2 2= 2§34 2 FA

ol s No.l | No.2 | No.3 | No4 | No5 | No.6

2 FA(ke) 136 | 253 | 305 | 305 | 305 | 305

2E+Hoj®) FA(kg) | 37.0 | 487 | 539 | 539 | 539 | 539




Box1

Indicetor

Fig. 2.1 B9l wjo]g ste=

@ Body %ol

7t o)

9}
Fieh. 7k Load Cellol A o

3|

~up

6712 wlojd o2 o] F oW EH Mock

=k

=z
A7l A AlLtse

Kol
=

2+ 2}y 270¢] Load Cell

SERE

o]

ElACEL

FA]

So] dleug 270 =

=
—

3|

AR mol A

T
-

ks
T

sof @t

/‘\l_

1A

kS

B

el
T

=}

|

—_—
o

Al
M

T

-

= rElR

_?,1
AHgskd . Fig. 2.1 oA

A%

RETER

6‘}

=

1
L

ol

3

2z e] o}



2 42+E Junction Boxel A stte] FAgEe = A A Indicatoreol A
- o 1t
A E o] 2

_10_



2.3 71838 A7

A medo] P44 AA Al HARE 27 5 ded AFAHA
g] A}8-% 3 Q& Binoculard ¥ 1
a5 2o X85 E Canisterd, T18]la 2 AoA festa Qe
Cantilever®d o] =] o} ¥ Types AH&&A = FA 302 st Au| 9
el 2 Fx2E A ddsfof gl

zrde] A7s wold FxEe] bEE ddage av)d wtA A
Astact 2&ste S agdo

=
2ol w9 AFsEE HE 7 Ae FE2ES LR grh B AT

1o
ko
k>
A
)
)
iy
o
=
oft
o
Lt
N
o
nL

FAs] e 224 AR

M 2mFAS] FHOEE 3m/tE 9xE FEF AT Gt A

N e 38 AFEE Fol/] ANA FAZ A3 234G

-11 -



2=-R10x1 26 Tap thrll
43
™
= }
X
+
g 3 8 g
RS
£ G
™~ l /
4-38.2 DN thry
CE#Idp g
N MIVIEE
Fig. 22 2kl 2=4 HA %
A5l A= 4709 82mm Hole 3Hfoll $A3 sjdsadgo] 2 =48
nAgst7l g actegn A Hus uAste 2y F 2r A

- 12 -






2.4 Fz8 4

2 Ao A" Load Cell2 #)Zsl7]ol] oA HE AT 3
Al AZEYOQl ANSYSE  AHE-3t9] Load Cell® Displacement,
Stress, 28] 3 Load Cell 7% & #}Al9] Safety factor® AAbs] H. 9k

oo ES 3 A A Hulsh 34D dejel FRFAT A

b
=)
2
=
ok
Ho
o
ok
o
o o
rO
o X
N
f
2
X
¢
x
=
it
ics
2
P
i
o
o
lo

Cello] 3]xA 9] ¢4 Fo3 A2 289 5 o}

TAH oz walAd AR, FALGo T WY /A Load Celle 34
A FEAF A3 TS vt & Gzl vpe} Zo] FAsE A
A WYy g AR s ddage A o nfAEFr W

sElch B Aol Hs 2ol FAMAE e FrBe] AA HAL A4S
7

£ 284 29 A%l vl 1RAEFE AskEE 542 A Hid
oelet FAA HAAES Asel @ ARHA nFE B Ao ol
oluhiz Algfolmr B Ao Az

20l $28 W HE F ouA 48 $AHE Load Celld) 385
gzt B AA Y] nfFare AANHAYS A9 dAsE FHEAIT o
eah R glolAel BAH WA ong s sl el

T
o E AMe] Hokeh
Fig. 24% 100kg®] +A 35S 4% Hwel #Us £ ¥}
A2 7% Load Cellol| 4] A ah 28 A4S A4k
A AFS ARE Holar gtk ol Load CelllA 84 FaAWEgo g
s Hd AL 0013mE AL A

- 14 -



OB R

Fig. 24 100kg 3t% A7FA] A3 &

Fig. 25 100kg 3}5 <17FA] Von Mise Stress

..15_



Fig. 25014 Fig. 249 st32d0A EAsh= &95 AL dajolrt

l

FA# o2 A4E Von-mises Stresst 45 Mpa 24 AHE4E A7 9]
Yield strengthE 7+etsle] Safety factorZ AlAFste] ¥ Safety factor
(Yield strength / Von-mises Stress) = 7124 83 AAHAEE 7R =
Aoz FAHAT EF Fig. 2694 HA £44 ez A8 3
et & o U= 50kgdl FAET AEA 2= XA LAY E =
Strain &< AASA=H FHF 7IFoE 500us o= ALHEH AT

Fig. 2.6 50kg st5 <QA7FA] 7%
train(500.s )

Fig. 27914 = Load Cell® 315534 2 Mode Shaped Holi &

dl 12} 2/F357F 864.5Hz0) a1 23 JIf-Fu

T7F 2696.7THz2 AAE A
v}, Aol AFEHE EH Mock-up Avle] A AR @ E57) 60Hz0)
25 BYl Mock-up # Load Cell Atelell A e <& 7]0% +2&

old aE AL BAEAE s AR wdsidh e A &



(a) 124+ 314 5 957(864.5Hz)

N
of

27 (2696.7Hz)

(b) 22 1

_17_



Al 3 %
gl Wold #E54 Axg A% L ASAY

3.1 Al =" Az

B oM ok HellA MdAS Load Cell Datag 7|¥to2 AES #)
2tek datoll tieid Hdm . Strain gauges Load Cell®] #3F 47
oGS 2z 270 B AR o] F 47 d9 Shear Type Strain gauge
£ A3t} Strain gaugeol A FAI%H A$-2E Load Cell %%
of atd F& uwet widdE AsHdEE AolEE A Wheatstone
bridgeE TA%te FEZ7|2 Agdr)l. Strain gauge’t vFFER T A X
H 23 7= Z4Zbe] Full Wheatstone bridgeE 7432 92
Load Cell Tl wixld FH7]= 2709 5HY Full bridge 4
A F xS uogd.”

F70e % Y¥ Strain gauge A& AF e FAE AT A
v FZ7] QoA dite] AR WE A= ARE AXA Hi o
dastgd A5 Rz A%=A JAh” Y Strain gauge A& ZZ 4
2= 58P PCB AAE M3 282 ARHAe" 229 Load
Cell> Calibration A8 #* $4d& st5el U o] Y& 5 3l
=% 2AHAY. Load Celle 71§ E£& F&°] B2 A QoA AE 5
QO T2 Strain gauge, | 2 FE7] PCBS2 A Z& AHE-314

29S stgvh ALE Load Cell?] %54 Photo 3.1014 ®olxm

)

}O‘l
i

-
L

=

_18_



Photo 3.1 A2l " o] == A=

..19...



32 A9 S4AH 2 27

Az wlolg stE SR 2xAe] A4 WIES Frtstr] sty
EAAEE HAAEET. SAAEL ool Hd 200ked] FAE 7
AE Test Load Seto.Z 3tFS A7bste WS AHgstdd. A3

& NP2 72+ xAol| Okg, 25ke, 50kg®] atFS 7H3tel wep WAy
H= 2EdQ AolA 2 Excitation Voltage®t st AAg A wal o
A3t Excitation VoltagegE 3 53atdv). 2 &exl vpe} 2ol sl5<
7Fe wo} Al AT Alo]¢] Excitation Voltage 2Fo}l: Hysteresis@h i
HAH AZ7)o 9lo]A Hysteresis® 3o} 1 Al=7]e] YA d
Ao A JEAS v Qiolm AZ7] A A ol A
EAl FaEtoof s Aotk B Aol 670 ol F 12749
Load Cello] o345t ddx=5 #AT & 2= Load Cell BF3 |
T ooduE gRE A3 F 15719 Load Celle AlF3ssch. ofz <]
Photo 32% 7H&® Load Celle] 54 A @& A3t HAEE AAE
Bolx 913 Photo 32 Load Cell HHAE A2 st Bolar 9tk

‘E *h

RI

-3

BE AZ/E 240 A% 2 A4S uE T 5 Ax 7L 7}
AL Ao 22 AR ALE Aoz} gA# & Y= HHe
& A A7 £ 9A G AZE 5 ot AY WLE B
AXNE AN Qe shAu Aol B rel A5 AZ7E: oled As
R HY FAA Abole] R B4 ] F2 AF FHolgE 49
oAA el Z4g 54

_20_



Load Cell

Indicator

200kgf Test Load Set

Photo 32 2=A HAESR 3FFQ7MAA

Photo 33 224 H2ESR a517H¢A 1

_21_



Fig. 3.1°14 &= Load Cell®] A3 79 el A B Mock-upol] 2&3%
%7] 8= S0kg7hA 2 Aldl ZA dtFE F7HAIZ At dis] Ro
2 Atk 8kF Okgoll A m=A EE ko] 0V/ V7 HA @& olfe FF
o GHAAE SHgte] HAa AF TS el A &7l A8 27 atF
of 7kl ez ZERl AlolA7t FAE A & Aeln A
o AEEE FEA717] M Aztd 2=Ad stFo] 7l a ¢ FH
102743 & ES=ge] Aol gl &3 F 1 ¢& 71589 16

he] 2= BF7F OkgHt S0kgAtolol A 43 A S 7HAE Aog

A AL B ohe & HoAM FAR HNAAE VEHEZ A2

HAAEol AAHUS £ &Fe AAsts =5 FAY 2=4 9%
oz 2=Ae| Hysteresis® FA% 2438 Fig. 32004 Relx Yt 15
el =4 ZF Ho Hysteresis?} 0.0161% 24 ol -3t 2HEAS
A e Ao g A EA

™ Load Call Test Load vs Vatage Quiput Test

Q9

Q8 |- e e

Q7 f-r o e — —

[0 e — o e e

05}~ - S e e

Lo R SN P S S— S SR

04 = e e

Q3

Q2

R U S Sl SN

0 T

B 7N7117+l\b.2 No. 3 N4 N5 N6 N7 | N8 Nu9 N 10| No 11| No 12 l\t3137l\{11:1 No. 15
—+—0g | 00D QR a(m QB2 | QUEE? QCEH| OCBES| 0B5 | OB OCHES| QUS| OG0! | QHR| Q054 | 006
~&- 2Qg 0&9 Q4381 04375 0435 - Q43P| 04347 | Q43P1 | Q4881 04B4| Q4N | 04I2) QD | Q43B| 04373

_Ha. QSEBBJ O&Hii O&IP Q81218 O&GBTQ&BB Q81277| Q8B 0@7: Q8B3B| Q8E®| 08167 | O8I81 | 08146 | 081218

Fig. 3.1 ¢17}6l5 vs A& A3

_22_



Load Call Hysteresis

(% Q@
Qo015

Qo1

Q0%

-00b

QO |

Q015

@

N1 N2 N3 N4 | N5 N6 N7 N8| NS N 10| Mot o t2] Na i3] Mo 14] Mo 15
| Hstereis -0018| 00 -0061] o0t | a | aces| aame | ams | ame| a0 0| oo 0Bt | -008) -00B

Fig. 32 224 sAH A=

_23...




Al 4 %
a4 A2 A g

41 A =¥ AZAA

2 FoA = /e 2= 4(Load Cel)2 E¥ Mock-upel A X 3tH
dF HAsAdS s A3 s JERd AT ol 3ol 27
o] ReAdg Ao FRES MAAR (A E Q). e
Hojgel 2709 2=dg ALEE o Vg F e E e olHe
mrAde] =8 ¢ e ¥t FAE 22 FFT 7 Jdves Aoth
TAH o7 @A, o4 deo] =4 FEM(Finite Element Method)3}} 4
S Tt JEE Z=A4L Yield Strength 71502 A& 719 &=
T+ AR EE MAE FFREoEE AS SUh a2HER 2749 =
EAS ARt e A2 s HEAHeE AAse A olng 2E4
& v HAAPE AR tHgo] vyt HE 1428 2S¢

Ark. 2edo RaAA] s FAAPoEN Zrdo) Hx 4
AU H8E =24 AN dEg F oZER vojy AR a4

o] TAste] FrAol &AHE AESE Y 5 UA Foh

Photo 4.1° /3= ¥ Mock up Pedestal9lel == 27018 23 4
Roli lth Photo 42914 EW Mock-up #lold AAd ==

FEE AHE Holil th Photo 4394 2248 A3 A

=
i

Al
=

to

oM 2tE S F2E W ool o] FE dEHE Helm o)
o] 45} Plateo] tiall ¥ HE a3 Q= AHES nolw 9



Photo 4.1 Wio]g sd|age] = X

Photo 42 7141 wole sielsgelqe] wra 4

_25_



S

Photo 4.4

_26_



4.2 A 2= ¥ A (Calibration)

FAE 2 2249 Aolx FHRE BA 53T ohdE
12 Atk & el whe gol =4 By ohge @Al A
=70 o ohdE EHRE AAYt AdtE 5

4 @9 Y Belgos WaANAFE A4E "wew B

N
A

N
rﬂ
tio
N
N
PN

ofo
t
]
30
clr
b
i
)
i

z7) 2=d AAA 438 399 FEM(Finite Element Method) }4]
g /22 2EA0 Rast ANA 49 2 Hake mE 449 opdw
1 gkl EYHHESE AU AR 2EHQ Aol A B
Ao SI% WM T AL A% A bEA BARE T 0A 5ol
ojste] A E9H = obdE g2 4 2AE A "ot o]# o
2 2eAe] Adslol MAH7] A zzte) mrlo]l YEUE ohdE

s 542 dofste] 2ARAL ARORN 2EA ko) B4 QAo
290271 fle ste s A5 7 AUtk
Aol 13kgAe] stE & ol &std obdaa HHY S FAULE
HMEAMNAT = Bz daid Hed

Photo 45% = A& BASE 7|8 13kgRe] L AlLslm Y=
EES Bola vk ArjelM, 2x=do] pio 270¥ Fatd 7h wo] 3o
Rotors} #Wlojd #AWME 2 AeldA =4 Calibrations 33ttt
sh dHlE gt 2o Hetgd Table 419 #on, 7|4 2&

de] 24 AUEE Olkg B912 APt

1

o
ok

e

1=
T

-z

_27_



Photo 45 13kg 3t5& ol &% == BA

A I dejg o] B9 PN FedlA 589 obd= 1 ghol 11,667us
R3L, 13kg k52 Askst AHAE 13933usH . =84 13kg 3F S
A kst Adefol 93 Span valuey 2,266ps = LFERGEIL AF3 1 o] g ol A
= 2,266pus W37k A71A 13ke Wyt A7 Aoz ZASA " 29 #of
Fo Ay FHe el S4HE obdra ghol 20677us AL, 13ke dHE
& A FEcME 21,8%ps At =58 13kg sHES Aaket A ol
913k Span valuet® 1,219us & WEFRE I, 213 29 wloj g o) A= [219us H 3t
7b 3719 13kg WE7F A7 Aoz wAsHA gk 39 dojge] A Ly
st Aeloll M EAE obd R Fhol 11,046ps %L, 13kg 3HFS A8k AE)
A= 13359us Atk =78t A 13kg b5 S AHaks el 2|3 Span value
= 2313us 2 YERREaL, AFF 3 wloj e A= 2313us s A7]H 13kg

Met7h A7 Ao FAGHA g 40 wojg el A et el &

_.28_



A opdR 1 Zho] 15888us AL, 13kg slES At AHA A= 18209us
Atk &shAl 13kg sh5S AsHs JElol 9 g Span values 2,321pus 2
Bbut i, 2k$ 4 sl g = 2321us sk A71H 13kg ®ss A7 A
o2 FASHA Ao 59 HojFg e F§ RS FEolA SAE opdE
gtol 13512us 9 12, 13kg 3t5S A3 Ao e 156Bus At F8HA
13kg FAE Astst el 23 Span valuer 2,183us2 WESE, 25 5
Howloj oM 2183us 37 A71W 13ke W37 A2 o2 HAEHA
#rh 6W wojgo] A9 FHs deolA S48 o2 aghe] 37,017us N
i1, 13kg FAE At e e 3941 7us A &5 13ke F5E A
&3 Aefol 93 Span value® 2,400ps 2 YERE D, AF 66 o] o M=
2,400ps 37 A371H 13kg W37 A Aoz FEAEA e

0 -

# # #3 #4 #5 ; #6

—e—No Load o187 0677 11046 ;15888 | 13512 37017

-8 Loading : 13g 139 2189 1330 | 18200 1 156 30,417
i

|
Span Value 2,266 1219 . 2313 | 2321 2,183 L2400

Fig. 41 Z47he] wjoj&ol lojAje] A B #old Az

Lok 7} ool A 1 digit MsE Ve ] 98 ol d R g B 1

_29_



Wolg o] - 17, 23 ol e A 9, 3 wojg el B 18 49 wojd
o] 745 18, 59 #lAdg o] H9 17, 61 Hlo|H o 4 182 eyl Fig.
41904 7 ool 2o de A A3E Holi Y Fig. 42004
17 wolgd 2o A ZEEE 1digitd] obd R ghg Holm ik
29 HojHol A e HojgHu FFstet Foprle] e Ate]dl Span
Value®l 317F At A2 ghe] zpo]7h U ol 2 oo A2 4
Indicator®] A/D Converter % 9| Gain A %°] t+& Indicator®] Gain A %}
aZbol7h W7l HiEY Aoz HEAY. dwbAHos  Indicatord] ¥
Indicator®] Gain A3¥/2=de] A9 v vl foz Y ez 2
A owlo] Y 9] Indicator®] Gain A&l Ao os s o yebd 5 ok

15

10 |

#6

*
*
N
I
.3
i
F
A
H*
(4]

—— 1diqit 17 i 9

Fig. 42 lkg(l digit)d olg=1 g &9
of XS rHaEyl A 29 wold 9 Indicatoret 3W  HlojH 9
Indicator® A2 vpito}A] z] RAS AAs) Bt duldoz 2o A 1

A A Qg AolH(Indicator)oll WERE w2k BHAS s3] 9%

_30_



FoAE Fole anA Fad FFo] ofx HFHOoR AAFHE A
wol F 238 Factore]t}.
Wolg sh-Ada 48 el A48 Platert 2ol 238 Ay

4750} e A9 Woly 94 298 Foot Boltd Xol: e 2
S SEI TRE AYOR oA Ak AW AU BAs @
e}

2 AT B3 S ol AR = Wl Foot Bolt A2
et 2rdd JheiAlE dtE e A@d KFE detry] 9EA

& 3974 Foot Bolt A4 % Loosen e A2 24 35 %S
Aotk Az 4F wold 394 7x2E 9 ZEU HFEY e A
ol A wiold 3193 Foot BoltE ¢8| A4 &t vhg =4 <
tAo el A 2uwje] AE|E Zero® Setting3tdth. ATl AlolEr Zero
Setting$ Bolte] 2328 97} Free AH|7F €@ w712 ZE& vlo]g 9
Foot BoltE Loosen A Zth. Qv Al olH ol ZAE a5 a4 7] 53t} o
gl #AS 13 ¢ HHES $ HFHOZ Foot BoltE A3 A A%
el A ZA3e TS

Fig. 4394 & wlol= 319-4 Foot Bolt Tightening A&l ¢ Loosen 4
ol A o] R e Aol 283l B3l MESFS Holu gk Hlojy -4
Foot BoltZ Loosen Al7|® LP1 REE ==&t 3 wlojyd 7} 44 u)
ofFel A 71 B2 8% ¥WsgtE Rl Foot Bolt Loosen¥} & A]of
¥l oG el M= 2.7kge] Fobrt A E L 4 woj ol M= 25k
a7F 72 Zhs A th o] AL BoltE %S wl, 4H o] oA 3 W
olgog theF 25kgo] FHFo] Hol Hrhke AMEAE BFa gty HP
2 LP2 28 sk el wojdoMe 1 ¢ ga HAAR f

ARSE Aol A EAT ol d A F W] A AA A S

e

-31 -



i

W,

A AE %

oL
rE

g Aol Fad dew gdn

4N
f

-30

—¢—%7]| Tightening & el
~#- 1%} Loosen

Fig. 43 #o{&

..32..




S
W
A
o,
i)
o
=
rE
i)
sy
R
gl
=
2
ot
o
ofN
N
ox
>
)

=
22
)
=
2
o
Prl'
ofy
AN
ox
ol
o
t
o
r jad)
=
@]

@]

v
o

(]

=2
o3
b
p‘l_r
£
AN
o
i

WE AXEQolE ALY AZEdClY] AW D ofo] Chak AN
Aol e Y e ¥ R FAshE tha Yolstnz Az @
.

Fig. 4409% %42 148 2xeeols AHgshel e Mock-up
Y A3E weln ok WA sle] TN F W Hol

Fah7] ol dol 319 2HE AR et WojPe] AH g

o mlo

=
Ofr
ok
N
il
ok
=
=
2
ol
4o
ol
ok
il
it
O
ke
rlr
=
rir
4
N
)
X,
o
he'd
s
30
£ 4o
PR
2
~N
)

_33_



E@@P‘iune T

Posin 130 Owsbiogh 0 =

Fig. 44 314 2o A el ERl Mock-up FEM %4 €
olgf 9] Table 4.1 Wlol&] olE FUsA WA zF wlojzgy B
32 Axke A3tE wolx 9la, Table 428 SAHRE wWo]gk S 0.01lm
TAEGO R o] FAHE A T wojdol e Hal MEHSE FX

Ao F ZAE Aol
Table 4.1 Wle]Hol] 283}= stz A4t A3
(49 kgl
Hloyg) shF
#1 #2 #3 #4 #5 #6
14.0 294 30.1 29.8 30.1 299

- 34 -



EABED

o
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Bearing Bearing Locations
Elevations| 4] #2 #3 #4 #5 #6
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#2 -1.1 5.8 ~5.7 15 -05 0.0
#3 0.8 -5.7 6.4 -2.9 15 -0.1
#4 -0.1 15 -29 6.3 -55 0.7
#5 0.0 -0.5 15 -55 55 -0.9
#6 0.0 0.0 -0.1 0.7 -09 0.2
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C. Four active full bridge
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D. Two active half bridge
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E. Quarter bridge
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