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2.3 Quasi-Static Unbalance (Single Unbalance)
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5.3 High Spot Number Chart FIH i

(The Method of Using High Spot Number Chart)
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(Calculation for Correction Weight Location)
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t}, thgo N-Hel Trial Weight(tWyt)E @3l N, FAol| A J%(Nz, )< éxé 7]%
a=3 mpxjuto 2 N#Ho| Gk Trial Weight(Wyp) S #HYsta FdAo]  Trial
Weight(Wep) & 93 B N, FANA JAE5Ns, F)& A 7|58t oo 7|58 o
43le] NH 3} Fo] "olof 8 Balance Weight(Wxp, Wrp)e %3 XS &= W
H AMA S g&3 2. o7]¢ N, F 5 2 &2 HE otk

e 3 N- F-@ | Trial Weight H] 3
0 N F
1 N; I Wit N-He A (0)Shot 7]
2 N3 Fs Wer F-"AdA (0)Shot 7]+

I F(N,_N—NFy— F)
= W™ (N = N, = B = (F,~ (N~ N

v NF,-F-FN-N
= Vet (N = N(F,~ B = (F,- DN N

6.3 i 2 o] WA 4 (Balancing Characteristics of Flexible Rotor)
A4 2HE st dE 44 e 2W @k AAE o] 83te] 2w A
2ok et 2Esl 2RI 9o AT oA

%_
< A BHEE 35S g len ofe wAdeA Tes wAo] Hasts ¥

T 13 dASE FelM Rdsks 2H = AAEHE UEhy 27 o)Al A 9
kol dast "k
O g2 Al s Adolrh 21 Solu = B od dAHe] RHE
AA dh= Aol dastt (29 3-31 #x)
FLEXIBLE
ROTOR

CENTER PLANE

174 SPAN
NEAR END

19 3-31 5¥ oed wAdE Bl s 84 2H



— A3A 71A 9 AW 71&

1424

ERCEN-A
wly v & TN .1
gy = = 7 o T M
e _
» W v 2R w5 o B oH T
TN ~ T 0 oo = - E.m _
g = A o Nz 3o B w z R
o ‘WE — PE i_l —~ ~ = ‘..FO
BT 8o U;A o o) ;o‘_ _— o
:i foaxe] ﬂ_Al,._ ol ~ BK o ,mu = o =P Fo
ECI . e E o n ¥
5T ook T LR I A =
R i3 . ;3 B3 = R e N o] M n-
o Wz HN R X o & o
oo MW © T S T NTEE
=F 53 L . ﬂmz%nw%
) ) Y e = I s H n o WA v S T
o P ,mvr o < Enﬁ ooy
w25 T o T o 4 il L = A oa- '
oy X0 o) mﬂ =~ . w olg Al o o - o T o
JlgiawL Eu.lxooz% ﬂ.HﬂEQdfw
W%@%E uT_dmomu 5 T2 o 2 T
Emoofﬁrﬂ Eﬁ%awm% HWMHW%
o @ s T M a4 N = Wm 5 = o % ooy M
MO I ﬂaﬂwmﬂq._%o\u o o O
moﬂnoao% o e E T 5o audaoﬁo
W R u;.1%ﬂ%@%9|1m%¢.
o N o o om B o 5 % S
ool Y T i pom N o Moo W i 5
g ™ - W w x N ) o qr ok N N
= up 4 Y .M o ) h o BT
walwxw %ﬂrﬂ%%ﬂmeﬁrmﬁﬂ%ﬁumﬂr
) fgaqmmfgw%@z_m 2
%EEE&%%%M@HOM%ﬂ%%mﬂ}.%
ﬁuﬂﬂ%r@.awdﬂi?ﬁﬂo% X
i 5.0 el o ~o W o ~ %0 ~o X 0t vz °
N s :i ~— oV 1! x KO T
o B S o w2 o X al RO o o =
xX o xX o .S o X0 O_ _ % = N
5o ™ b S n P o A2 oy )
s ~0 T = 1E_L| , _— ﬁAml »AO OTL ,aﬂ Of ‘Alu ZTV . 1
o X M.o S il = = 0 i o o oy
X nnm e EE W ﬁl Bo = ‘WI -
oAl B iy T = B o R
= ) Q
SR Bk 2R
W iy ﬁE

Static

O]Zﬂo]

el ek,

2] 3}

T

Unbalance 2]



A3F EFY — 1425

o] 3l dst EF e o3 A€o & 3Fojx g HHow vekd vt
o o] sho] Loop EYE 7M. =& o] 45 A o Al =3 3
Al Wheele] 3]d37] wo] o3& XFo= vepdth, Wheels @ebd 7] 9ls)
o] Balancing Weight "W\"& & FTAHSZFE W4 "R’ Aol EHE X9 180°
ol o &gkt wabA] Balancing Weights WE = WRE 3+ 4 gt}

oMo = 17 3-33¢] 4} o] wekavh orE 2709 WheelS 7FAE 2E O o3
Azbel] Bt % Wheel® #Alo] il e 7z} f)xlo] EH ol Avtd o] ZH=
dAHoR B9Y HJa Ao yEhd el Loop RFo= s 2 Aot
ol213t 9= 7 Wheelo| 543 FA19 Weight® 523 w43 A3 721= 99
DA == Static Pair Jej2 L@ std wgd 4 9t

Z} Wheeloll A o] 42 23 180° Hojx Utk (e 3-33B)o] ZHE AAomE
g aslo] AN FAoRE aHA etk 3]st Hdow vEkd 2709 Loop

EHE e sdg v 180° "olAA Z
Wheeldll 43t FA19] WeightE @¥ wgdv. 13 3-33B9 22> EfHl 7)o
A g4 ZE 9 53 Couple Unbalance:= 2709 Loop 2Y<S 3 ZE S T AA

180° ®olA gt} ZE FEo| A Weightot HA L 2o}

\<

STATIC PAIR COUPLE

-+

% 3-33 270 Wheeloll A ©=3 3

o doj7t da 15 & ZHOAE EHYH o8 1y 3-34 2 19 3-35
oF o] 37| = 4719 Loop RFo R ddE & At
Ak o 2 Static ¥ Couple Unbalancew =E 9] 4%
@A Weight2 9w mAgo] "tk 121} 3-Loop FEle] EH&ES 7 Wheelol A 2]
Byye wAsty] e 19 3-349F o] 3w Ao wakAloe] sl whzo)

rlr

)



1426 — A3W 71A 9 AH 7e

=

A= 4-Loop FEle]l =8 & 2 =7} 4-Loop FEle] o] AT 4 d&wts 1&Ho
2 3dgehd awt wA o] & s}

19 3-34 370 Wheel | A 9 % 3-35 47] Wheel oA 9]
T ol o5 FH T ol o5 JH
2o gy 2HE AL A Balancing Machinedoll Al gk sk 2719 73
WA o] By 7% 9)xd #3 A8 E Balancing Machine®] A&7 27
et ZH= AKoA = ddder Agolr] wEed ERHE2 HE Aoz A
=]

6.4 Static-Couple Bi% #-fgel o3 [Ol#EEE T3y
(Rotor Balancing by Static-Couple Derivation)

6.4.1 Static-Couple B f#EiA (The Procedure of Static-Couple Derivation)
Static-Couple ¥¥2 Hd HE ZHES ZaAs =Y A+ AFEHE A3
b o] Al o
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D oW Aee] 233 % Static Unbalancetb Couple Unbalance®, T o] E9

nbalance’} &% -+ 27 Static} Couple AE o= E3&

stol WAE 5 vk
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Trial WeightS 24

6.4.2 Static-Couple % Z7fEel & 23 HEk 1
(Balancing Method 1 by Static-Couple Derivation)
Static-Couple A& #3fo] 93 @&y daE 2 = wAHA AL %7

AE27F &3 2& A3 A2 Dynamic Unbalance A5 o] &3t ™3 4= g},

g 7] JFA(0L) = 80 s 230°

WAl 7] 252 (0g) = 60 pm2330°

= H 3-36% #Zo] WE O Ops 1¥T.

HE O Orel €5 AAstar o wakdel F3H4S Dt g

Aol A axpde] F74A A (Op)& 1HTh oMol %7] Static Unbalance

°l So& YEIE WEolt, oE W 29 3-369A4 So=46 mms270°°]c).

5 wAH #-83k= Couple A2 WE ADeF ¥y BDo|th. 19 3-36°0 A

o] Couple Unbalance VectorE= Ydoz UgtslA olgAlAH HAoZ HASS

o o371 A Cr=54 mm~197°, Cr=54 m, 17°°]t},

Static @ Couple Unbalance A& a2 <13 WEES 7}A 12 Static Unbalance

°]z1 Couple Unbalanceolzl o]= Ao]& WA wAHTE 4 dvt. = &5 Static

Unbalance A2 Couple Unbalanceo] 9&E & 7]x%x & 2 ¥ A= v}

ZF7kR 0] 7] wjFo] Zaw F9o]Z 7)€ o)1 Balance Sensitivity® ¢ Static 2

AN e

y o

®© 06 b
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Couple A% nA@ZE FAd Fa3T 4 . a8y dsiA 8471 f8te] o
of| = WA Static UnbalanceE a7 3}t3l thgo Couple Unbalanced w4 A&
g sk},
o°
. 360° -
30 33¢®

60, \cgr'-
‘ \
90° {g’%: g 270°
ClLBNR
120" \\ « 240°
A

150° 80° 210°

1% 3-36 Static-Couple A& 3

@ 19 3-36914 #%7] Static Unbalance Vector(So)el W3] Stactic Trial Weight&
golZ ), o] Static Trial Weight= ¥ 3-37A% dolA EeEd wEe} o] &2
EHol FASAS ¥&st= 7| wAGW Single WeightE € 4 At ©d =
He F4 wAgHolA Balance Weights @44 Wl & glow 17 3-37BC A

L WAHANA Yol & 4 <t} Static-Couple A& #3 7

Trial Weightoll ©]3] A% RAEZL 2E o A F4lol tiate] dd 79

= Al ZECE H8F & vk o] A= Ve wAgHe] FA FAHoENH

o] A7l o] F WrAe] o] uwiiLeo] o]E HAS7] $18Fe] Balance Weight©]

ZAo] dasit
dZ 5o 50 grol Static Trial WeightE £ 7]+ AW gy A=

3y sgke] v 2ol HAdnka 7Hgekat
(O+T)L = 78 um~ 184°
(O+T)g = 36 um~ 47°

o
lo
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A% ME OL# ORE AEggust & FFo2 e O+TILF

®

1M

(O+DR& 19t (18 3-38 F=x).

2R A%E ehhE v

=

1% 3-38 Trial WeightE &
® WME (O+T)LE (O+T)RY UES dZSIaL o] dZAA9 F
O d-ozH Y o AZAMY FUHHE/A AHOD)E Fe=rh  olzlo] %7] Static
Unbalance®} Trial Static Unbalance® ©3d WE(So+T)oltl. 17 3-380l A
So+T=29 um s 158°°]t}.

%3 A

HE (O+T)L (O+Tres AAT A3t 27 3-3614¢ 240 Hol7h 2o 33
=7} 28)ske] ¢ 8 A, o] AL Static Trial Weight7} FASAS £33 = 7]

e
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= AW x93 Couple Unbalancex= o 3dl &S whx] 4okeS ondhr},
Static® Couple Trial Weight® A2 7HAsHA o2 2 Static ¥ Couple ¥y &
Al AldEto] = A7 HA g
a9 3-36914 WE So(46 mm,270°)9F 19 3-389 4 So+1=(29 mm~2158°)E o]
&435to] Static UnbalanceE 19 WE 8|2 Fsto] wAT 4 dod (19 3-39 3

N

z). AW E S1=63 molal oAz WA WeightE A4k = gl
CW = TWxO/T = 50 grx46 m/63 im = 365 gr
HE So¢t Sr Ateld] Zhm 25%clm g WlE Syt Ao w dstr] fsid=
AA gFo R 25° o] FEfof skt webA] Trial Weight® Al WEFo= 25°0]F
A =k, = %7] Trial Weight(50 gr)E Wil 365 gro Trial WeightE 9He
of de AAAA A oA AJA W 25° KA I s o] gFEh
0°

360°
S(f | 3309

a3 3-39 Static I FAAES YEl = HEHE

(9 Static UnbalanceE 3 &% oJUl2 Z+AA7]7] YalAeE <9 5~8UAES dlE3s)

W ¥}, 9w Static Unbalance’} €733 #&tA HuH O 23y A5 2
I A 180° A= Y& Couple Unbalance?t A8 Y. oA E 5o 21d 3-36¢]
1

] Static Unbalance”} #| A% 22 Y} A Couple Unbalance®] #2 th23 #Zt}
CL =54 ym~2197°, Cr = 54 mm~217°
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@@ Y™ A Couple Unbalances= ¥ 3-39Ac A2} Zo] Couple HE}Z Trial Weight
g wgEn, g A4l dFoly L EFA NF SHXE ol&std 7t

i

o
S35ttt Trial Weightth % WeightE & W Y3 Weight® FEIA A=
180°= Al & H )

19 3-39A Couple Unbalance 17

@ Couple BH 9 Trial¥t oA WeightE 2o} Z&E WEWYSE o]&39 Couple
Unbalances et 3hoh,

5 98 Static-Couple &&HA 7]

A2 Hele= FA T4l 71E wAWe WA WeightE JFA

71 thalel =8 ZHeolol webr o2 7o) & wAHl Static 17 WeightE
ol thE Aot o] #elE ZE 9 Static Unbalancet: %ol HFH A &2
A 2Ee Aolo met it dotE M SAE Fa k. wEkA d 2E 9
Static Unbalance”} %ol A Single Weight=% DA R THA AL A w3

]

[e]
Aol WA A FAEEAAN HEF BHY Jes 29T Aot

6.4.3 Static-Couple % gl o T3 "Wy 2
(Balancing Method 2 by Static-Couple Derivation)

vy

& Abed o Qs

Static-Couple A& &0 o3 WH12 Trial Weightoll 98] A7 ZdE
7F 28 A SAlel iste] g Agols diAF ol HIHA o= ZHAR A&
& 4 vk ey AA 7)Aol e e WAool A E o] glil WeightE
ool o WA= Al vk I AA 7| Al oAM= HE tiA P Bet=
AT S A Mlsahgnmentgr 2o oA AedQ & Al=de] 3, AE S
o] zlol&E 9k wlojg oA e 2EEA Cross—Effect @ Balance Sensitivity”7} thZt}.
gk Static-Couple & Eallo 9 W 2+ 5 FAHA] Pickup, A&w47], A
A2 2 SAYES LA A AS71Y AZAA AE, 2HO fAAA 7=

=
2 Cross EffectE® R Z31AM % Pair Static ¥ Couple Trim BalancingS A A 3}o]
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Balance SensitivityE T8t 24 w4 WeightE @9 339 7% AX 2 wedao] <
S¥h E3 o]v] Balance SensitivityE €l dom 139 RO ZE wAo] b
stk WY 2= 7HE gol AMSEe @ e WRiolth

o =4 164287 Y 7] AFAE 713 ZHE Wb st 1Bt

D Original Vibration Data

a9 3-369 27| s AEE 29 3-403 2ol tA mdst oI 2ol A

® 2lg = 3
= wAHo M 27] XFEA(0L) = 80 mz 230°
= WAHAAM] 7] FEFX(0r) = 60 ms 330°
F= wA A A2 Couple Unbalance(Cy) = 54 um~ 197°
$= wAH A Couple Unbalance(Cr) = 54 s 17°
9= wAFHA A Static Unbalance(Sp) = 46 m 2 270°

Qo] Al Static BalancingS 3l9l %= Couple &0 93-S v X% ¢gom 1 vire
e Ayt sk ZEoA] 23l Static Balancingo] o] Fojxtid =

o]
So gkel 0o "t -9 wAHHA A O L Orel Co 2 Cr=E Wt (H A¢ B
1}

1l
=

A E9 FZ o]§) Couple A5 FAET o] AdelolA 28lgt Couple Balancing®] ©]F 9]
Ad G 2 Cre 9H2E olF5 o ZFo] 00] Hr},
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@ Static Trial Weight
d 2 Eo] 50 grel Static Trial WeightE Mid Span =¥ %ZZ9 wAH 90°%
Ao G FAFIEY e 2ol AR AFas AT A (1" 3-41 F

2).

5 wAFHAA ] EX] (O+T) = 78 ym 2 184°
T3 wAHA e XFA] (O+T)g = 36 mL47°
@ Static Correction Weight
A 2 Bie] ¥E ¥ F2 F3s17] fstodAx s JF¢ wdwHe Trial WeightE
(26°+27°)/2 = 265° AA W3Fom olF At = Trial WeightE -0l 90°¢] &2
omZ 90° - 265° = 635% WA WeightE @ ®rh shA 29 wAdH| A Trial
Weightoll 213+ &3 9E AA=64 um, BB1=62 mo] 22 o]Z i3k Mg ke (64+62)
m/2 = 63 o)tk o] ZE7} 4 7FA 1 = Static Unbalance® =7] (Sp)E 46
mol P2 WA Weighte] FAE 50 gr x 46 m/63 m = 365 grolty. = Trial
WeightZ Wil w48 WeightS &9 wAW z}7to] 365 grs 635° & du}
o] ¢} 7o) Static Balancing 983 = wAWH A AHEXE= 19 3-4104 HE
A AE 7]F0o R 265° AA WEko g olF3 XAl 365 gr/50 grx64 pm =46.72

nel o] H1 = wAWA e AEX= WE BBIS BE 7]|F0® 265° A A 4

5 »
4

o

FO = o

—

=3 HAre] 365 gr/50 grx62 mm 4526 mQl Fo] Hrh o] o Ao e



22 AFHE Ao T 1 T4l Couple Balancing®] &35 o] %t}
@ Couple Trial Weight
Static Balancing$ -9 w R A9 HFgeo] A ES FE o] sH At
7 3-400 A 9F 2ol
F= wAHEA A9 Couple Unbalance(CL) = 54 m~z 197°

R
ol
2

$= AW A2 Couple Unbalance(Cr) = 54 m~17°
o] AeodA H== AW = 50 gro180°, = wAHAE 50 gro0°¢ Couple
Trial WeightE @3 &dstdvy 19 3-429F &3kt
5 wAHAA e FA (OE) = 76 yms 155°

= gl el dEA (OF) = 60 s 330°

= wgde e gy (EE) = 46 um/ 266°
5 wgde e g3 e (FF1) = 50 gz 107°

£ E:EO=89°, ~FFO=70°

2% 3-42 Trial Weightell 2]3%F Couple Unbalance 1174 ®E &=

® Couple Correction Weight
9 wAHo| olol & wAH Weighte] 9 X+= (78° + 89°)/2 = 795°%+F w3}
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e EE % FFi& E, F2 70235t AA o s olgd Addel ot 2%
WA Trial WeightE 180° % 0°¢] 9AAH 0B E o]& wlil w4 Weights= 180°
- 795° = 100.5° ¥ 0° - 79.5° = 280.5°¢] & Hu}

st doford wAH Weighte] FAI= SHWE(EE, 2 FF)e Htx (46 m + 50
m)/2 = 48 mE °]&3ste] E, FEol doz o]F3ste™ C=Cg=54 m &l 323}
+ 1 WeightE "olof gty & #9F wAWl= 50 gr x54 im/48 ym =56 gro]
WA Weights #5 wAHA = 1005°¢], FwAH= 280.5%0 747 &@ ot
ol¢} 7+o] Couple Correction WeightE W A A A5 = nA WA= WE EE,
< EE 7lFste] 795° AA WEFom olwg el 56 gr x46 um =515 um A& ol
JdE Exdleo]l ©n HEXE e 10 mo140°0] 2 Aotk F#H $= wAgH A=
WE FFis FE 7]ske] 795° A A WaFog o]ssh A7 56 gr/50 gr x50 mm =
56 m Aol A= Fool Hm FA= o 20 m2160°7F 2 2ol

)

6.5 %) Trial Weight & (Initial Trial Weight Calculation)
Trial Weight7} Y& 2o W3 5l 9w st7 e @S Zleola, Ty
sh AAZE AIZER A1) @Ejd fPolrh. RbWe] | & Trial Weights 9W 5
3 AAEEE BT o JAd 48 FA HERE AFES B He A= Uk
kA dnkA o7 FE o] 30% Wl & 30% 94WEtE A7IA sk Trial Weight®s
Axtste]l AAsts As xR g
(1) Hight Spot Number Chart ©] &+
¥ B A7 SRS 2R 23 B E A5t FTh

=]

l

[

Jm

dy

I

N

Ea
=

B ¥ Code, Rotor Type, &
ST} HAASEAA

=, FEY 59do] % Exhaust Hood Typed & H3F
Ha FEl(Static Unbalance®} Couple Unbalance)® =
High Spot Number®} Balance Weight Sensitivity7} 3#A]¥ High Spot Number Chart
E AFAA7E AAEE A$7F Ao Wb o] Chartel 99E Balance Weight
Sensitivity (gr/pm =+ Oz/miDE 22 A &std #rt (& 3-2, 3, 4 3=x).
(2) Unbalance Force$} ZE F%F o] &4y

wlojg H-shke] 10%9 22 ¥ B g o] A7|=E st Trial Weight &%

= AAsteE Wyoltt.

N rpm& 2 3| Hd3stE 71 Aol Trial Weight (W,)Z W4 (o] &@¢tS w 2339

’

it
)

F+=
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pe Ve pn Mo (N
g g 60
N 2
= 0.00 (5 ) W F ), W), r (@) 2
i N ' o [e)
- 177 m . VK‘I‘ “““ F(]b), I/V;(OZ),I‘(IH),_] 78“‘,“
¥ 3-2 ¥¥l High Spot Number & Sensitivity Chart I -1
[[l A1 2 (STATIC) Wik14 (COUPLE) LP
7 | P8 | Rot oy | BIKES
i) otorl - SNO. Wt s HSNO. we mmgn | e [ O
MW rpm Type ) . ) . f&?@ Type
CEMGERE) | & K Critical | CEMGEED) | & k% Critical | ©
27 10 Oz/mil | 3 Oz/mil 18 4.5 Oz/mil
HIP l l l l l -
153° 11.16 gr/u | 3.35 gr/ 72° 5.02 gr/
450 | 3600 s ey ey
28 6 Oz/mil | 2 Oz/mil 2.3 3 Oz/mil |15 Oz/mil
LP l l l l L l 30" | Conv
162° 6.7 gr/n | 2.23 gr/u 117° 3.35 gr/u | 1.67 gr/u
27 10 Oz/mil | 3 Oz/mil 1.8 45 Oz/mil
HIP l l l l ! -
153° 11.16 gr/u | 3.35 gr/u 72° 5.02 gr/u
450 | 3600 - - X ;
28 8 Oz/mil | 4 Oz/mil 2.4 4 Oz/mil | 2 Oz/mil
LP | ) ! ! ) ! 335”7 | Herzog
162° 8.93 gr/u |4.46 gr/u 126° 4.46 gr/u | 2.23 gr/u
27 10 Oz/mil | 3 Oz/mil 18 45 Oz/mil
HIP ! l l l l -
153° 11.16 gr/u | 3.35 gr/n 72° 5.02 gr/u
500 | 3600
28 6 Oz/mil | 2 Oz/mil 2.3 3 Oz/mil |1.5 Oz/mil
LP ! y } ) y I 30" | Conv
162° 6.7 gr/u |2.23 gr/n 117° 3.35 gr/u | 1.67 gr/u
27 10 Oz/mil | 3 Oz/mil 1.8 45 Oz/mil
HIP l l | l l -
153° 11.16 gr/u | 3.35 gr/u 72° 5.02 gr/u
500 | 3600
28 8 Oz/mil |4 Oz/mil 2.4 4 Oz/mil | 2 Oz/mil
LP | } ) l ) ) 335" | Herzog
162° 893 gr/u |4.46 gr/n 126° 446 gr/u | 2.23 gr/n
27 10 Oz/mil | 3 Oz/mil 16 5 Oz/mil
HIP l l l l l -
153° 11.16 gr/u | 3.35 gr/n 54° 558 gr/u
250 | 3600
28 8 Oz/mil | 6 Oz/mil 24 4 Oz/mil | 2 Oz/mil
LP ! ) ! ! ) ! 335" | Herzog
162° 893 gr/u |4.46 gr/u 126° 446 gr/u | 2.23 gr/u
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¥ 3-2 ©H¥ High Spot Number & Sensitivity Chart I -2

[[] M 7 (STATIC) $Wik14r (COUPLE)
) LP
W70 | Bl | Rotor L . a | B
W | rpm | Type | HSNO. Wt iR HSNO. Wt it R ;j}a 54
CERORED | e g | critical |VEFR)| g | Critical
HP 2.5=135° 11.2g/n - 1.8=72° 7.3g/1 -
P 2.89=170° 15.2g/n - 1.4=36° 49g/u -
1000 31%%(())/ 41 " |Herzog
ALP | 3.08=187° | 147.1~794g/u - 1.6=54° 10.5~7.86gn -
BLP | 2.98=178° 34.5g/1 - 1.39=35° 5.0g/u -
25 8 Oz/mil | 3 Oz/mil 14 6 Oz/mil
HP SF J ! l ! !
135° 893 gr/u | 3.35 gr/n 36° 6.7 gr/u
25 10 Oz/mil | 4 Oz/mil 1.5 5 Oz/mil
175 | 3000 | IPLP l ! l l l
135° 11.16 gr/u | 4.46 gr/u 45° 5.58 gr/u
24~26 | 3 Oz/mil |45 Oz/mil| 15~17 | 3 Oz/mil
LP J l l l l 23" | Conv
126~144° | 335 gr/u | 1.67 gr/u | 45~63° | 3.35 gr/n
27 10 Oz/mil | 3 Oz/mil 16 5 Oz/mil
HIP l l l l l
153° 11.16 gr/u | 3.35 gr/n 54° 5.58 gr/u
220 | 3600
28 6 Oz/mil | 2 Oz/mil 23 3 Oz/mil |15 Oz/mil
LP l l l ! l i 30" | Conv
162° 6.7 gr/u | 2.23 gr/u 117° 3.35 gr/u | 1.67 gr/u
25 8 Oz/mil | 3 Oz/mil 1.5 5 Oz/mil
HIP J ! l l !
135° 893 gr/u | 3.35 gr/u 45° 5.58 gr/u
250 | 3000
26 5 Oz/mil | 2 Oz/mil 19 1.5 Oz/mil
LP l I l l l 26" | Conv
144° 558 gr/u | 2.23 gr/u 81° 1.67 gr/n
2.7 10 Oz/mil | 3 Oz/mil 16 5 Oz/mil
HIP l l l l l
153° 11.16 gr/u | 3.35 gr/u 54° 558 gr/u
250 | 3600
28 5 Oz/mil | 2 Oz/mil 1.9 1.5 Oz/mil
LP J l l l l 26" | Conv
162° 558 gr/u | 2.23 gr/n 81° 1.67 gr/n
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¥ 3-2 H®HW High Spot Number & Sensitivity Chart I -3
M f 2 (STATIC) iM% (COUPLE)
) LP
WD | Il | Rotor < = - = #Kes
Wt # iR Wt R A Y
W | rpm | Type | HSNO. R HSNO. R HZ;?; Type
25 8 Oz/mil | 3 Oz/mil 14 6 Oz/mil
HPSF } J J J J -
135° 8.93 gr/u | 3.35 gr/u 36° 6.7 gr/n
24 6.5 Oz/mil | 3 Oz/mil 16 5 Oz/mil
265 | 3000 | IPDF ! ! J J J -
126° 725 gr/u | 3.35 gr/n 54° 558 gr/u
24~26 3 Oz/mil |15 Oz/mil| 15~17 | 3 Oz/mil
LP ! ) ) ) } - 23”7 | Conv
126~144° | 3.35 gr/u | 1.67 gr/u 45~63° | 3.35 gr/u
25 8 Oz/mil | 3 Oz/mil 16 5 Oz/mil
HIP ! J l L l -
135° 893 gr/u | 3.35 gr/u 54° 5.58 gr/u
350 3000
2.6 5 Oz/mil | 2 Oz/mil 19 1.5 Oz/mil
LP l J J J ) - 26”7 | Conv
144° 558 gr/u | 2.23 gr/u 81° 1.67 gr/n
25 8 Oz/mil | 3 Oz/mil 14 6 Oz/mil
HPSF l i l i i -
135° 893 gr/u | 3.35 gr/u 36° 6.7 gr/u
24 6.5 Oz/mil | 3 Oz/mil 16 5 Oz/mil
350 | 3000 | IPDF l i i i J -
126° 7.25 gr/n | 3.35 gr/u 54° 558 gr/u
26 5 Oz/mil | 2 Oz/mil 19 1.5 Oz/mil
LP ) ! ) ! } - 26”7 | Conv
144° 558 gr/u | 2.23 gr/u 81° 1.67 gr/n
2.7 10 Oz/mil | 3 Oz/mil 1.7 45 Oz/mil
HIP ! J l J | -
153° 11.16 gr/u | 3.35 gr/u 63° 5.02 gr/u
350 3600
2.8 5 Oz/mil | 2 Oz/mil 19 1.5 Oz/mil
LP ) ) ) ) } - 26”7 | Conv
162° 558 gr/u | 2.23 gr/u 81° 1.67 gr/u
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¥ 3-2 ¥4l High Spot Number & Sensitivty Chart I -4

" A 7> (STATIC) Wikl 7> (COUPLE) Lp
th3 | [F1# % | Rotor o o St | Bkas

bk S A FIL?E
(CHSEE) | % (TE ML) %  # | Critical =

7€ Critical

25 8 Oz/mil | 3 Oz/mil 14 6 Oz/mil
HPSF l ! l l ! -
135° 893 gr/u |3.35 gr/n 36° 6.7 gr/u

2.4 6.5 Oz/mil | 3 Oz/mil 16 5 Oz/mil

600 | 3000 | IPDF J I i J l
126° 7.25 gr/u | 3.35 gr/u 54° 558 gr/u

2.6 7 Oz/mil | 4 Oz/mil 23 2.7 Oz/mil
LP l ! l l ! 335" |Herzog
144° 7.81 gr/u |4.46 gr/n 117° 3 gr/u

28 10 Oz/mil | 3 Oz/mil 16 5 Oz/mil
HPSF l I ! J ! -
162° | 11.16 gr/u | 3.35 gr/u 54° 558 gr/u

2.6 8 Oz/mil | 3 Oz/mil 1.8 45 Oz/mil

600 | 3600 | IPDF l l l l l
144° 893 gr/u |3.35 gr/u 72° 5.02 gr/u

28 8 Oz/mil | 4 Oz/mil 2.4 4 Oz/mil | 2 Oz/mil
LP l ! l l ! l 335" |Herzog
162° 8.93 gr/u |4.46 gr/u 126° 446 gr/u | 2.23 gr/n

2.4 8 Oz/mil | 4 Oz/mil 16 6 Oz/mil
IPDF i l ! J l
126° 893 gr/u |4.46 gr/u 54° 6.7 gr/u

840 | 1500
2.7 12 Oz/mil 15 8 Oz/mil
LPDF J I } J 38”7 |Herzog
153° 13.39 gr/n 45° 8.93 gr/u
3000 15~1.7 4 OZ/mll - - - - -
B Coupli
ng

3600 1.6~1.8 4 OZ/mll - - - -
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¥ 3-2 ¥4l High Spot Number & Sensitivity Chart II-1

1st Critical Speed

2nd Critical Speed

. Type | Rated Type Oz/mil Vib. Oz/mil Vib.
Turbine Code Speed| LSB Run Run
Rotor| o Hood | Critical | Critical |
Speed blfeed At At Speed Slfeed At At
HSNO. |Critical| Rated HSNO. | Critical | Rated
Speed | Speed Speed | Speed
HP ROTORS
Single Flow [HPSF| 3000 [« | -e-++ 2600-2800| 2.5 3 8 Above RunSpeed | 1.4 |Subcrit.| 6.0
3600 [+reeee] eeeee 2600-2800| 2.8 3 10 1.6 |Subcrit.| 5.0
1800 [«ereee] ooeeee 2200-2400| 1.6 2 6 1.2 |Subcrit.| 8.0
Opposed Flow
0 - 200 W |HPIP [ 3000 |- | oo 1900-2100| 25 | 3 8 | Above RunSpeed | 14 |Subcrit.| 55
3600 [reeee] et 1900-2100| 2.7 3 10 1.6 |Subcrit.] 5
201 - 300 W 3000 [reeeen] eeeee 1900-2100| 2.5 3 8 1.5 |Subcrit.| 5
3600 [-eeeee] oot 1900-2100| 2.7 3 10 1.6 |Subcrit.] 5
3000 [+eeeee] eeeeee 1900-2100| 25 3 8 1.6 |Subcrit.| 5
301 - 400 W 3600 [-+-eee [ weeees 1900-2100| 27 | 3 | 10 17 |Suberit.| 45
3000 [-eeeen] emeen 1900-2100| 2.5 3 8 1.6 |Subcrit.| 5
401 - 900 My 3600 [-reeen] eeen 1900-2100| 2.7 3 10 1.8 |Subcrit.| 4.5
Double Flow
M23 IPDF | 1800 |-+ oo 1100-1300| 26 | 5 10 | Above RunSpeed | 1.8 |Suberit.| 45
N2 M57 |IPDF | 1500 |-==cee] =ooeer 1000-1200| 2.4 4 8 1.6 |Subcrit.| 6
IPDF | 1800 [-=xeee| =+++- 1100-1300| 2.6 5 10 1.8 |Subcrit.| 5
IP ROTORS
H7, 9, 11, 13,
14,15, G3, 1900-2100
S1, PS1 IPDFE | 3000 {«=---+| == 1900-2100| 2.4 3 6.5 | Above RunSpeed | 1.6 |Subcrit.| 5
3600 1900-2100| 2.6 3 8 1.8 |Subcrit.| 4.5
F 4-10 IPLP | 3000 |-+e| =ovee 1900-2100| 25 | 4 10 15 [Subcrit| 5
3600 [reeeeef e 1900-2100| 2.5 4 10 16 |Subcrit.| 5
FlL, 2,3 IPLP | 3000 [-«ex] «eeeee 1900-2100| 2.5 3 7 15 |Subcrit.| 5
3600 [+eeeee] eeeee 2.5 3 7 1.5 |Subcrit.| 5
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¥ 3-2 ¥¥l High Spot Number & Sensitivity Chart -2

1st Critical Speed 2nd Critical Speed
T Rated T Oz/mil Vib. Oz/mil Vib.
. ype ype
Speed | o |Critical |[Rated|  Speed | oy Critical | Rated
Speed |Speed Speed |Speed
LP ROTOR
ClL 2 3 DE | 3000 | 23 | Conv. |2400-26002.4-2.6| 15 3 | Above RunSpeed|1.5-1.7 3
DL 2 3 4,7 3600 | 23 | oy |2600-2800|2.4-26/ 15 3 15-17 3
3000 | 26 | O™V [2400-2600|2.4-2.6| 2 4 15-17 4
3600 | 26 | Conv. |9600-2800(2.4-2.6| 2 4 15-17 4
Conv.
D5, 6,8, 9 DE | 3000 | 23 | Conv. |1600-1800| 2.6 2 4 | 3800-4000 | 16 25
DX1 3600 | 23 | ooy |1600-1800) 2.8 2 5 | 3800-4000 | 1.8 15
DP123 3000 | 26 * 11500-1700| 2.6 2 5 | 3100-3300 | 1.9 15
_— 3600 | 26 | Conv. |1500-1700| 2.8 2 5 | 3700-3800 | 1.9 15
, 3000 | 30 | Conv. [1500-1700| 2.6 2 5 | 3200-3400 | 1.8 15
3600 | 30 | Cony. [1500-1700| 2.8 2 6 | 3300-3500 | 2.3 15 3
3000 | 26 | oy |1600-1800| 26 2 5 | 3200-3400 | 1.8 2
3600 | 26 | o0 * |1600-1800| 2.8 2 5 | 3500-3700 | 2.1 2 2
3000 | 30 Herzog 1700-1900| 2.6 3 6 | 3200-3400 | 1.8 2
3600 | 30 Herzog 1700-1900| 2.8 3 7 | 3400-3600 | 2.3 2 3
3000 |33.5 Herzog 1700-1900| 2.6 4 7 | 3200-3400 | 1.8 3
3600 |33.5 Hgggg 1700-1900| 2.8 4 8 | 3200-3400 | 24 2 4
Herzog
FL, 2 3 DFE | 3000 | 23 | Conv. |2400-2600{2.4-2.6| 15 3 | Above RunSpeed| 1.5 3
3600 | 23 | o |2600-2800(2.4-26 15 3 15 3
3000 | 26 * | 2400-2600|2.4-2.6| 2 4 16 3
3600 | 26 | Conv. [2600-2800|2.4-2.6| 2 4 16 4
Conv.
F 4-10 DF | 3000 | 26 | Cony. [2000-2200] 2.6 25 5 | Above Run.Speed |1.5-1.7 3
3600 | 26 | oy 20002200 238 25 5 15-1.7 3
F11, F12 3600 | 26 ©12000-2200 2.8 25 5 | 3300-3300 | 22 15 2
DF C d
Fl1, F12 op | 3600 | 26 COHV- 2500-2700| 2.6 2 4 | Above RunSpeed| 19 3
2 onv. |2000-22 2. 2. ' 1. 2
PP 2ESL 2| DE [ 3000 | 26 | cony: [T00100| 26 | 2 | 3 |Above Runsped| 13 3
Gl, 23 4,5 Conv. b
S SR S | DF | 3600 | 26 1700-1900{ 2.8 | 2 6 | 33003500 | 23 | 2 3
A" Hood 3000 | 30 | SO lio0-1900| 26 | 3 7 | 3300-3500 | 17 3
3600 | 30 | Conv. [1700-19%00| 2.8 3 g | 3200-3400 | 24 2 4
3000 | 26 | Conv. |1700-1900| 2.6 2 5 | 3200-3400 | 18 3
3600 | 26 | Cony. |1700-1900| 2.8 2 6 | 3300-3500 | 18 | 15 | 25
3000 | 30 |Herzow |1700-1900| 2.6 3 7 | 3400-3700 | 17 3
3600 | 30 | [ oroos [1700-1900| 2.8 3 g | 3200-3400 | 23 2 3
3000 | 335 | [oroos 1700-1900| 2.6 4 9 | 3300-3500 | 17 3
3600 | 335 | [oroos [1700-1900| 2.8 4 10 | 3200-3400 | 24 2 4
o S 32003400
erzog
Herzog
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¥ 3-2 ¥¥l High Spot Number & Sensitivity Chart -3
1st Critical Speed 2nd Critical Speed
. Rated P P
Turbine |Type Speed|LSB Type Oz/mil Vib. Oz/mil Vib.
Code  |Rotor|”P Hood | (ritics Run o Run
pm ritical Speed Critical Speed
Speed HgNO At At Speed HSNO At At
- | Critical |Rated * | Critical | Rated
Speed |Speed Speed | Speed
GL2 3 | DF |3000] 26 |Conv. |1700-1900| 26 2 5 | 2700-2900 | 22 2 3
45 3600 | 26 | Conv. | 1700-1900 | 2.8 2 6 | 3200-3400 | 24 2 4
S1, SIR, 2 3000 | 30 | Conv. | 1700-1900 | 2.6 3 7 | 2700-2000 | 22 2 3
"B" Hood 3600 | 30 | Conv. | 1700-1900 | 2.8 3 8 | 3100-3300 | 25 2 4
3000 | 26 |Herzog| 1800-2000 | 2.6 2 5 | 3200-3400 1.7 2 3
3600 | 26 |Herzog| 1800-2000 | 2.8 2 6 | 3400-3700 | 22 2 3
3000 | 30 |[Herzog| 1800-2000 | 2.6 3 7 | 3100-3300 18 2 3
3600 | 30 |Herzog| 1800-2000 | 2.8 3 8 | 3300-3500 | 24 2 4
3000 | 33.5 |Herzog| 1800-2000 | 2.6 4 9 | 3100-3300 1.8 2 3
3600 | 33.5 [Herzog| 1800-2000 | 2.8 4 10 | 3200-3400 | 25 2 4
7, 14, SF | 1800 | 38 | Conv. | 1000-1200 | 2.7 6 15 | Above RunSpeed | 15 8
K2, K3 1800 | 43 | Conv. | 1000-1200 | 2.7 8 20 ] 15 8
1800 | 52 | Conv. | 1000-1200| 2.7 10 o5 | Above RunSpeed |5 8
Above Run.Speed
3 SF | 1800 | 38 | Axial | 1100-1300 | 2.7 8 20 | Above RunSpeed | 1.6 8
1800 | 43 | Axial | 1100-1300 | 2.7 10 25 B 1.6 8
1800 | 52 | Axial | 1100-1300 | 2.7 12 | 30 |Above RunSpeed | g 8
Above Run.Speed
K4 Ml | DF | 1800 | 38 | Conv. | 1000-1200| 2.8 6 14 | Above RunSpeed | 1.6 6
1800 | 43 | Conv. | 1000-1200 | 2.8 6 16 16 6
1800 | 38 |Herzog| 1000-1200 | 2.8 6 | 16 |AboveRunSpeed) o 4
1800 | 43 |Herzog| 1000-1200 | 2.8 6 18 | Above RunSpeed | 17 4
Above Run.Speed
M2, 3, 45, 1500 | 38 [Herzog| 1000-1200| 2.7 12" | Above RunSpeed | 15 8
6,7 NI12 1800 | 38 |Herzog| 1000-1200 | 2.8 15 16 7
1500 | 43 |Herzog| 1000-1200 | 2.8 pp | Above RunSpeed | g 7
1800 | 43 |Herzog| 1000-1200 | 2.9 20 | Above RunSpeed | 17 6
1500 | 52 [Herzog| 1000-1200 | 2.8 25 | Above Run.Speed | 1.7 5
1800 | 52 |Herzog| 1000-1200 | 2.9 25 | Above RunSpeed | 1.8 4
Above Run.Speed
L2 3 1800 || Conv | 19002100 | 1.9 2 5 | Above RunSpeed | 1.2 10
1500 | 35 | Conv | 1000-1200| 26 4 10 15 8
1500 | 43 |Herzog| 1000-1200 | 2.6 5 12 | Above RunSpeed | ) 7
Above Run.Speed
COUPLINGS
3000 15-1.7 4
3600 16-18 4
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¥ 3-3 <J#}7] High Spot Number & Sensitivity Chart
HS# for Sensitivity per mil of
Alternator Based on Al
Data Taken Static Couple Alterrex Static Couple terr'ex
Manufacturer - ) . Coupling
at rpm Correction | Correction | Coupling Component Component . .
Vibration
3600 9528 | 1517 | 1617 | 230z 1715 0zin 10z
each fan ring | each fan ring
M.S.T.G i 5- i
ST 3000 2225 | 12-14 | 1315 | 207ineach | 152 Ozin 15 0z
(Lynn) fan ring each fan ring
1800 & 1500 Not Available 1.1 Not Available 50z
2 Oz in each 1 Oz in each
3600 26-2.8 16-1.8 14-16 ) ) 1/2-3/4 Oz
fan ring fan ring
LG &M 2-3 0z in 1-15 0z in
(Schenectady) 3000 22-25 1.2-14 1.2-1.3 . ) 1-15 Oz
each fan ring each fan ring
1800 & 1500 Not Available 1.0-1.1 Not Available 5-6 Oz
¥ 3-4 A7) High Spot Number & Sensitivity Chart
Sensitivity in Ounces
. . Based on HS # for Per mil (In Each Fan Ring)
Turbine Code <
Data Taken ] ]
Type at Static Couple Static Couple
pm K . . .
Correction Correction Correction Correction
D1-9, DP 1-3,
3600 1.1-15 25-2.8 5-8 6-8
DS 1&2, DX1, El,
F1-12, FP 1&2,
FS-1&2 and H1-18 3000 1.1-1.2 2.1-24 8-10 6-8
FX1, FX2, Gl, G2, 3600 16-19 24-26 355 4-6
G4 and G6 3000 12-14 2.1-24 56 4-5
G3, G5, G7, GoR, 3600 20-2.2 29-3.0 4-5 4-6
5-1, SI°R and 52 3000 16-18 25-28 355 4-5
J174, K174, and 1800 20-2.2 12-14 8-10 9-10
L1-6 1500 2.0 1.0 6-8 6-8
M1-7 1800 28-30 1518 9-10 6-8
1500 2.6-2.8 12-14 8-10 7-8
NI and N2 1800 10-12 20-2.3 8-10 6-8
1500 2.6-2.8 1.9-2.0 9-10 6-8
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d 24 3600 rpml.Z 3] Wst= ZE Q] FAE 20,000 kgol i Balance Weight® &
F e XL 2 Wb 80 cmoltl. o] RHE A A Fta e ZF Hlojgo| e F&}
= 20,000 kg/2 = 10,000 kgol i, z+ mA W] & H % Balance Weighti= Hlo]& &}
9] 10%<] 1000 kgoll ¢]3F Force(¥Al&)o] A=slx= o]t}

Al wetd BEEEEF) Y 28 S W3 #AE

|14

F= 2R x0.1 = 0.05 W

orol F F2& o] &3 Trial Weight (W) S&#e to3 2},

F=001(1000> W, r

0.05W, = 0.01 ()" W r

_ 1 1 1000 % _ 5 We ( 1000 )?
We=0.05We- 501 & ( N) = ( N)
ok o]] A
W, = 20,000 kg, r = 80 cm, N = 3600 rpm©¢| =2
_5x20,000 { 1000 \* ..
W= S0 (06 ) = 96 Car)
(3) Unbalance Force$ AT A ZE o] &
We o ool W oo We
F—g rret=—_t rer et =5 rpto
. _ Werpg
W=
o 7] A
W, = Trial Weight (gr)
re = O-P A= (im)
Iry=p7pAAZE (gm)
W, = 29 % (kg)
r = Trial Weight 52%7 (mm)
Ao A2 Weight Balancing® wix oko] Axb2le] 50~70% A =9 Trial

Weight & %S A4t}
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(4) 2% 24 28 A+

Werg

W= o0z

o714

W, = Trial Weight (gr)
Irp=p7pAFE (m)

W, = 28 5% (kg)

r = Trial Weight %2974 (mm)

6.6 Overhung Rotord @ &4 (Overhung Rotor Balancing)
a9 3-439)4 HE= vpe} Zo] Overhung Rotore 2719 XA H|o]&] npzZo|

Fan Wheel& 7} Feje] 7] Aot} o]¢} & BEE Fan ¥ BX 53 2& 74
A FF B F Adrh. olE ZEE wEd|ord wWol A wlojy] upgEo] 9|3t
71wl EFEY 1w 2w wey WHoeRE wAHHA gv A9 TF UTh
ChA] et B39 ugrwlo]l A A wlojg wholl 917] wiiol H|E Static Unbalance®t
Attt st etE ZE FAFAHAA wAgA7A e Aol H|#H = Couple Unbalance”}
A7ty a8lZ 2 Overhung RotorE #aAE w EA7[5E Static ¥ Couple
Unbalance Force *+ 7FA] B 11ef3]oF g}

Overhung RotorE W& & u 33 22 F 71X Az s A8 sor st
t}.

(1) A3 A4 198 Static-Couple Method®el ¢ 3§ Overhung Rotor?d &4

%9 3-432 Overhung Rotor ¥r&Hd WH S dYsls=d TS v A8

2 wlojdy A& Static Unbalance®l oF5 W% an Wheel2 H-H
Holzl Hlolg BE Couple Unbalanced] o}F ®lztéic, wAH O& ZEHY 4
(CQel 7447] wiitol Static WA wojdg AdlA 9 @& S4 & wAdwW DA
e xof oy, wfE AW @914 Couple nAS & woli= B HlojgoA 4o
o] Foj Aok gy, e} wAHW @ Trial WeightE €9 wlojd AolA ¥ Static
Balance’} ZE# & Aolt}. uwrebA, wlojsg AolA el Static BalanceE A 8t7] ¢35+
o] Couple HE]E Trial WeightZ A}-§38fo]oF st}

weba] 1H eh Softwares o] &3F¢] Data Collectors AH&3tAY =E Holg}
274 o] v(L/D)7F ek 0.50]38F¢1 BS Overhung Rotorol = Single-Plane Graphic 7]

o

Jo

e we, 49 Fa

N e _1>4

>



Overhung Rotore]l td "3 A< Single-Plane W&ty 7)<

o,

D Data Collector®} Spectrum Analyzer InstrumentsZ 4 %] 3t}

Plane (O
Plane @

Reflective
Photo-tach F='='1. %
Tape

Accelerometer
Axial
Rocking
<>

Sl

‘ @ Unbalance
Force

Note:

Photo-tach should be

mounted on machine
L housing facing upwards

for safety purposes and

SIDE ELEVATION 0 ensure phase is measured
using same convention
each survey.

19 3-43 Overhung Rotor ZehA-& A=Zn] A3

o

473

bl otelsh 2

o

2W AAE HoFe 0¥ 3-4304 A5k vle} o] Data Collector, Photo-
Tach, 7F&=4 o] AR HojoF gt}  EAIx= Strobe LightE Al&3t=
Swept-Filter 471& AF&stAY, 914 54ES $13] Photo-TachE 2 A7+

sAEY BA7E AT

@ %71 34A5 Tk
ojWl Trial WeightE F#3}7] Hol| 1xRPMY &, Fu 949 z7|AE
At Wl o5 wogde] 1 9@ £ w3 Jes SAS 9w wEk
SAA A & wAgHs WA S doh (28 wAgF dZo] 3§

[e]

G wolgd e FRFdelA S48 & AFAE A, 8 A7 Static
Y+ Couple Unbalance?17Ve A &th whek W 95 oo 937 44
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)

Hhekoll A A9l 140°¢]4to] 2 Couple Unbalance”} A3t} Hbdol o]

NdAEe] o= oA EA g 0°~40°2t¥  Static Unbalance”} -§-#1&}t.
EE o= 40°901A] 140°71A] B9 9174 Static ¥ Couple?] %<9 Dynamic
Balance Aot} 13y wkeF A7} 2 Couple Unbalance® Y ERLH o}
of A&¥ Couple Unbalance dx& AR&gty. 22y whek A7 A A kA
Static =+ Dynamic Unbalance® WEFYH Static Balancing &Ax+& A8t}
fetd A5 8= wAZE F2 Staticol@kar 7EA s 9l7] W ol th

@ 1% Static Balancing< 3t}
a7 3-435 Fxsle] Avloly 9ol 1w whed

b
n
o

i

oX,
N
it
o
>
>
oo
ol
ol
2
N\
o
=
o
Av)

= du wAHH ®o Trial 2 »A Weights F F3Hc},
® AN AF AFo] Q7T = V|Fd dAFE=AE el
WAH

(Dol A Single-Static BalancingS 3% U
(Axial ¥8)9 N FSAHE W&l JAZo] 3 E7]F

® wreF A53 Couple UnbalanceZt Fol tbd, wWolg BE Fg 1W &S A

Overhung Rotort % 2 Cross-Effect® 7R 224 nAZH QoA 1d &
HAol T B HoHolAN =& AFES ot aymE EA7ME oW e
kA sopst REORRE We "ol B wWojgoRRE F4E o] T UE |
W oA S Attt 1H WA Weight siES F3Fe] AW @d ©] Weight

AR g U] wAW @ Weight 91X Z5E oF 180° "oz wH

Single-Plane Couple 2 *A-& 3 = 72 Wiy fleA 94, 34, 5 W
A

ke
5
F AsE v FAdF sk, Ao BE xFo] 5§ 7]%il°ﬂ dABh=

Ol
rr
A
L
it

e

Z} wojg o] 3 Wl s8-8 7Eell whEekA] o ol dud 2w

0

58] L/Dul7E 050 2AY we Hojopg 74
F e wold 9AFTA A o 1W wey g
A PG wRelA Bg A oz 4FHoR 2

ofefoll Awd 2¥ T 7les AbEsior & Aotk

7F 7S wolg o2 RE U
%%7‘wﬂaﬂﬁﬂ AL

Sob gleh ole@ A9,

q
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(2) A3 A4 28 Static-Couple Method®]l ¢ & Overhung Rotor & A
Overhung Rotorol A= & Cross Effect’} A YelY7] wj o 1H watA] 7]
S5 Abgete ART 29 WA wAvse] o AyAelth. ey 29 HeA U
M= WMoy Ee wAHY A F AFFHSE A9 sto] EFS koo
g HE-E2] Overhung Rotore Static Unbalanceo] twHEHs] o|Flsl= 2 o] Static
/Couple A2 3Ho] doj F Static X4 WeightE FHFtt}. Trim Balancing$
TkeF Couple Unbalance?t 7g93] Hol dohd ofe] dxfo] e} wAsho,
@O ¥ 3-43 48} o] 2¥ T WS SIS F RS AVIE AAS
o 714 &= Data Collector, Swept-Filter Analyzer =& Real-Time AnalyzerE 7}
A 2 dAxz Al 4 ok, gy 7reF Swept-Filter =& Real Time
AnalyzerZ AF&3thd H2471= Static/Couple lHS A5 4+ 9= Two Plane
Calculator Program& 7}AoF &k},
@ & HWoFolA 27 JAE FAHAE A
| A1

A7INE W 915 HlejHelA =3, #4, F W] IxRPM I F, Fuh, 9%

o] & ojof gt}

@ 2% I AAE kxRl & WA Weights FH5-sh# & Al
2 ey "AE ARESioF ARt HF WA WeightE FHHahA fevh 7
Ao th3k Trial Weight 2719} $1X7F AAE RS v #2471+ Static/Couple
S Tate]l AgolE Static WA k. o & EW v Static dl®e] WA

Dell 100 gro] Z2s}al, Couple dlHe] AN O L @9 A= vko® 180°0]
200 gro] H 3t} Static AW 3t

& L7150 A FE=AE Feldio)

a|

31'4

3

wAgHl Dol Static wAS 7 F ZF W]l Al W o] Zo] 387
Yol de=A o gref thEelx] o thA] Trim BalanceE @tf. 2

A wAol AAREW Static ¥ Couple 3lHE<S Hi, 3HH ¢ Static nA 9+

3o} olu] thRE o EAEo] sfAdwtt. wheF 493 =7]9 Couple Unbalance

7h of @8] ol glow, Static B Couple dlHe X ¥ ¢ 2W 2aAS HA

Tl Static A A% 2 3FHO Couple A AE=F U = Hjojgo|A
7] ol

<A ool U=7HE vl
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6.7 TR &4 (Compromise Balancing)
6.7.1 21 R E (Thermal Sensitivity)

2 W €] (Thermal Vector)2} 3t}

gy A BETe] A AEH 27 @A FEEkeE AR3EE Alolel 60~80 pm]

WE W3ls S e AfolngE 944 wiEe) EFdAe Zdg. o Wy W

sl EAH o7 ZE ¢ FA* = Field Copper, Retaning Ring 59 AAtg] #7]<
=

7149 ] Field Forging®] €% <tA W&o 23

] A
@ I AA FFEY] EHEAdT dHE
@ Wheel®] ©]¢+ 9 Bushing®] 1%
® Buchet 5 F#2] ojgb 2 %+
® ¥l 3 <] Ventilation
@ AARAA Tt
15 Ad9] e 2o dF%
S Yt Yurxlow W 9tk g3 vl
of WA o mR T o}

E3 WA

O

i
[
ofo
oft
o
=
(@)
% ol
> 3
il
P
A=)
_°|L
rr
1)
[
N
it
iy
rlr
[N}
2k
td
(11
4
w

AH WIFET} Be WA} 2L A9 AV A AEAT A o

Wol EXZ3F= Weight BalanceE A% WA olg) sttt 18 3-44] o&E 5o A
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D AAELMY T3}l 25%, 50%, 75%, 100% F3tre] AEHNZ 9D AzS
A oeld), AER 2 Collector RingellAl Fgheh, weh Fadd, ofxpdf{, ¢
7] Cold Gas <% % &, AzLE, #ojd 2ode] Y&+ &% 5§ 7|5e
Holg oo Jyex w7 Cold Gas €% % ¢8-S ARst HYelA o

@ 7t wlolgol o] HEAE Polar Graphol 1@tk 17 3-449] oo A OA(40
m2330°)E Al ZE A e]al OB(116 ym£309°)= #-atoll Al 7] wof
gl s A ot}

@ FEatet AFetAle s WE 25 A4S 94 EHY WE ABMAO gz 300°)

e el A g

@ A7) ZE 2 Balance SensitivityE 3171 ¥3F9] Fan Ringel 600 gr.180°2]
Static Pair WeightZ @t}

© BH7IE 7]Este] FRa el el OC(104 ms 720005 F gt} o]
W Qe AF3 2e

=
=
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® ®E ACB0 pmz90°)+= Static Pair Weightol] 23+ &3} wWgo|t},

@ Lz ol 05 Fdetw WE ABS A7|7F 23 g Wy DEE 19t
ol 0 WE DE-O/] ZolHo|t},

FRSkA el W H OA7F 22 919l ODE o]sH %% dH ety dAt
2 APzl L DAC=44°0] 2 &2 180°9] & w Static Pair WeightS WA Al w3k
O 7 44° ol Fd 224°(180° + 44°)= X7IW Hrk T ool & FA= W

s

N

;

AD7} 38 mol =& 600 gr xAD/AC = 600 gr x38 m/60 wm = 380 grit

© Static Pair®] Trial Weight® w3 380 gr& 224°°] @9 FH3A19 1%EE OD
7F ®eh o] ¢f o] WAL dst= AR olsAL F vk =& o] A
oAl o] WES OEM0 mm~300°)7F 2 Zolth. weba dFate] A4 315 9
& A ol el AR

6.8 | L&A (Multi-Plane Balancing)
= ol&sto] 2w ey VS JEeith. mvEA

2 2% I 7S o) getd o e = Jhesteh. ey b e o] -
L 2w HaAA oA 9 #Zo] Cross Effects #falof gty oy Wb o] HEFESx+
71 EAIEE AFstel A QA ZH Fo]l §E&A oY ERE st Aolth

I, T, AYEHE 2 BHV|2 FAE VAE dE 5ol AWt AYEHWS
Static Balancingdle] Z&o] 3= gtoz2 ZAHAT 32 218y Cross Effect
FFor AP & 2 JeFH 9 f3zo] A Wslete] §8&A o] Fow
7ttt AgE el ki WA Weighto FAIE A7 o] A5d =2
B & thA] ek aloF gt

gk 7 ZE Rkt Static, Couple %3+ Single Balancing@ wivlth s Z o] ]
Z= Tagging Effectt= &&20]1 04 ZHo| v Xx& Cross EffectE 7] 53] Eofok
o] F& ol&ste] WA BFE HATFOR T 4 o HA EH TS FEA
ol 24T F vk

23 WE ¢ Tagging Effect®} Cross EffectE T3}7] fJaids= A &
A2 AAg A9 24w (dE W Static Unbalance! A$= A% wAwol| 200 gr
20°9] WeightZ % Couple Unbance$! 4%+ A& wAgwolE= 200 gre0°, & o
ArelE 200 gro180° Weights ©rhe AAsts 2] Foh

St Tagging Effect®} Cross Effecti= 73 o] oafAnt IS x| oFu

mﬁ'

FE
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Alignment ElY} Rubbing & €149 Ul sir® JF¢FS wormzgz I e
FHuwjeity vhae] zpolzp AT webA AAlz A8 = dAe] Aol 1
kel Hseld, Alignment ¥H & L3t Tagging 2 Cross Effects 2743}
oF gt}

7. Balance Weight #% 2 &
(Adjustment and Installation of Balance Weights)
7.1 Balance Weight #%¥ (Adjustment of Balance Weights)

7.1.1 Balance Weight & Hx
(Adjusting the Radius of Balance Weights)

El

dZ 5w ¥ 30 cmoll A 24 gre] Trial WeightE "ol 7| AS W0 oy
A Weightx= 974 12 cmoll Eolol 3ttt &zt AESE ¥4 12 ol 205

e

7.1.2 B1F Weight9 4#. (Dividing Correction Weights)
oW ZHAME uwA WeightE 2otof shi= A7 AlgE]o] glef, ¥
Mol o3l WeightE & 4 §l& 3ol Weights golok & A9-7F A Hrh
Ao AW HE Akl o& AE® Weight F3t o sigdsts WME S 2as)
of e A9 dZFo] Weights the 3ol
o & 19 3-45%F 2ol 670¢] Blade’b 60° 3+Ao® o] Fand kAl gl
otk 7h4 sk

ol
==

o
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4

1% 3-45 Fan 97 2<%

Blade #1°| Trial WeightE @& WE = A Axtel A3l 14 Weights= Al A ek
o® 75° o]Fsti 20 gre BEE HollA ¢t 2ol o] Fanell= 75°
Al A wheke]l " Q3 Balance Weight Blade7} gt} 1822 <133t Blade(#2
2 #3)ol WeightE& oo @t} oA ¢ A= 7 Bladeo] dvtehEo] Weights
Golof k=] of= Blolt}

#2, 3 Bladeol "3 WA Weight?] 4& %7 98t9 wEHEE Z%dc).  Polar
Graph’doll 139 3-46A<} o] #2, 3 Blade®] dl ZHIAE ZAST vty Za3h
WA WeightE& YetdlE ¥WE S 2ok o] WE 9 7h9) A= Blade #1258 AlA W
o 75°0]aL wlE] Aibel| ojste] Fgk A o] ol 20 gre ERWTE o] M
B ZoZHE Blade #33 #H33}A 19| Blade #29F W d S Aglslal, T Blade #2
o a3t A 10 Blade #3% WS Bet sto] YA S 1T

Blade #20] Z 23t Weighte] %¥& F317] 9ste] WE OA—J Aolg FAg. =
Blade #3° Z 23 Weight?] 4& 317] 918le] #E OBE 743l 19 3-46Bol
A WE OA ¥ OB+ Blade #20] 163 grol, & Blade #3911 6 gro] Zadity, 282
o] AEL Blade #1 4ol 9l Original Trial Weight9} 7 W7ol A Z 23 Weight
olt}. o] T+ Weight?] o] 20 gro] ¥ I8 dols a7t o

i
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0A=16.3 GR.
0B=5,0 GR.

7.1.3 BIF Weight9 &5 (Combining Correction Weights)
Weight Balancingg <J#¥ sltbew =21 2 2 %o Weight7} &3
"ot olES FAste] 24 & el WA Weights AA|sh= 3ol Rty A st
HE =g ol &3ty dlE A 7+ 5 drh
d& EW 1Y 3-47A ZHol 3719 Balance Weight7} dthal skxb. o] 3719
WeightS =3 3at7] fste] o5 3t ZAHAE dotof vk, WA Weight #15 1
Ehl= WEE a9 1§ 3-47Boll A 9k Zo] A sHAl shr] flske] Weight #1<
7 2 Aer Agsta 0°elM 1 e E adrh o] WHe o] Weight 25 grol
st} S #1 Weightd] WE o =z2XFE 19 3-47C9F Zo] Weight #25 e}
W= el #WH 10 gre Ltk Weight #20] o3 W= 2 Weight 912174 #1
Weight2 58 A]A "Weko = 30°0] =2 =2 Balance WeightZ 5B A]A #Wako =z 30°%
¥tk #2 Balance Weight?] #E S Zo2RE Zo|7l 5 grel #3 Weightol] o 3h
WE S gt I3 3-47DE XKW o] WE = Balance Weight #1258 Al A #Fgko
= 45°% ezl Aol
7} Balance Weightoll tisle] z; WE Eo] 2 egd & 19 3-47DoA H= wpel 2

s
o] ¥x(0)e=5E HF Balance Weight®] WHE7HA] S 1o WE R& 1dTh
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o] wlE] Ro] 1 Aoln, 3719 Weights} F53 42 Z191xE yepdith,. 5 9H
RERE 38 gro] WeightE Weight #125-E] A A W3Fo 2 13°0] x|A|7]H FH},

(A) (B)
25 GRAMS
(0 GRAMS
Q5 GRAMS

=25 GRAMS

©) (D)

30°
y-\/'/ rﬁ;

5 GRAMS |

'ZZ( =10 GRAMS Re38 GRAMS

3

-
LI T T

19 3-47 Balancing Weight®] #E A4

BlHl 289 A$ o8] WeightEo] 99 & Weight Groove A 950 ZAA A 4
= B B o]& ¢lalo] A 2L Balance WeightE vt Walzt ®uh. o]

dolo] WeighteS WY A48t st #HE Weight Groupl = vHso] F2shH
).
7.1.4 EIIK Weight9] %jE (The Effect of Arc Weights)

Weight?] 93 Zol7l AXA FH AA4-= Weighte] &3= HAE # o
A At B2 AstE Aol XU Weight?} Z7H8te] Zol7t 360° 952 =W A

2 A e, A Weight Groupdll o} AE F71s1A ZEshAl A
FESTHE Wy t3 Ao oste a7
W= NW (¢)

{

W(d) = Arc Span (¥52409]) 0°9 =F
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360 sin ()
(o)
Nt 69 FH(2¥ 3-48)& F &3 Weight Spand Zol(f3z)e] w& AA &

N:

fol
ol

go AEst=d AMEE
(% 1]
@ &4 Weight Spane] & 930 9490 % Percent Fa8ES 118 dlojof 3k,
@ £ Static Weight’} HP T+ Reheat Rotoroll A A E ™ Mid Spanl & Weight

AR E BANTE Ao] wigrA st

100% 1.0 ‘..__\

95%

90% 0.9 \
85% <

80% 0.8 \

75% \

70% 0.7

Effectiveness

65% \

60% 0.6

20 40 60 80 100 120 140 160 180
Degrees of Arc

a9 3-48 Weight &%

7.2 Balance Weight % & (Installion of Balance Weights)
7.2.1 Weight$} Weight Groove (Weight and Weight Groove)
A% wA 7S 9siaE oy 715 2ol Weight$t Weight Grooveol
sto] & i lejoF 3hal, Balance WeightE o= 3ol ool st&=A & dolof

o S,
o} tEE A AJE R A7) ZE = Dovetail Wheel Weight(Z218 3-49)&

oot Balance Weight7} Weight Grooveol] 91X %™ Set Serew®Z ZQIt}. o]uj
Weight®] dAFHo] Weight Groovee] ZAHA ¢kxs] a4 uf7-x] Weightoll 3-&

7heto). tiFE-E9 Groovew= Weight 4ol £0]3t== Access Opening®] Groove
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Arc ™ 90°"mFt} v}, Access Opening 22 WeightE ¥& & Q3 9x&2 o] ¥
oW Hrh

AZY S AN uo= T-8 WeightE A3ttt Dovetail Weight®} o] T-
& Weight® #| 9 X9 ¥o] Set Serew® Z2lt},

% 3-502 T-3 Weighte] A= @ o|t}  Dovetailel  T-Weighte] #F$]4
7F AR EH Weight Groove®] 7Hd #elE HAsto] Weight7h £8 UeA s
st -2 Weighto] #H& 1A &S 7153t Folof gt

\ Y

SET SCREW

PARALLEL SURFACE
TIGHTLY SUPPORTS
WEIGHT

NSONNNNNN

a9 3-49 ®Wl 2¥E #A¥Z 2l Dovetail Wheel Weight$} Groove

SET SCREW

SUPPORTING
SURFACE

a9 3-50 APFAA AZFH Weight®} Groove

1L 2y 9@ Ax=E A EHIS Balance Plug(Balance Plug Weight)S A& 3kth
Balance PlugE A& ul A4dFTE o] &3] Turbine Access OpeningS E3lo] &

of ®ulth  oluf Shelld] Gojx|A] §= B2 Fo& dfopgit}
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Balance PlugE 1< ZEo| &g ] I3 FAHe Avt. ZH %+ 900°F
(480°C)ell o2 = WA of Atk ol¥ H shelA
Weight7} 25w az2kd = gk, wepa] o]y o] dojux] %% Balance Plug
£ 7Y guitt S 2 A5 Pt (19 3-51 FE).

Tapl @ Plug HoleS A4 Wl 22 F27F Q31 o] Tape Access Holed| ¥

FiEet 7Hd g

O U= 2 2522 71493 TapC Z Balance Plug Holeg Tapping %+c}.

@ NATTE WeightE HZ3r},

® Compound® Balance Weight ThreadE %33t}

@ g 2 2%=74 Weights 7Fd )

® =¥ Balance Holeo] WeightZE 7|2t}

® Weight=FH a5 3 grh

@ Tightening ToolZ WeightE <1t}

£ Weight $1%7} 84 ¥ % Balance Plug ¥ & 7| &3k},

WEIGHT HOLDER(THREADS INTC WEIGHT AND
ADJUSTS INDEPENDENT OF TIGHTNER)

Tool.

Tightening
Tool

=

ol

19 3-51 A& A Plug Weight, 4457 2 2d3T+

7.2.2 Balance Weight # & (Balance Weight Material)

Weighth glo] wEolob & 4% 4% A4 Agstelof st ol
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a3t} AAEL Weighte] 91, 28 A& 2 Weighte] 2o uet tp=t),

A Aol Weighte] A2 E Grooved] 7% Weight& 22 B50A-332A(ASI Type
4103 538 12Cr A1F)E = Plug Type Weight®+= B5FSB3E 4tk 124 Plug
Weightoll &A= 27l vt & &9 12Cr ¥ Balance Plugs E5A (4
B7B5A)S, 7]¥ HP Rotor9 Midspan® Plug: Copper PlateE A}-g3lt},

7.2.3 &% (Safety)
e Wy Ao AdS bdolnt, &4 Folle % 4 A4S =
ato] 3] Fate] AlolE E ante] & E3lo] A Eo7kA €%
of 3ta1, T3k WeightE 3] djf-o Hojmg|X]
Balance WeightE F2sl7] 938 s AA 7 AA st A=
Sloj A= Qt¥th
@ #4 Z°l Drain ValveE F#38}AY Steam Valve:s dd d4 s Ao
A B&s] AAE Feth
@ TH7]= w3 Atz Qs B4 F== Jf#7]E Opendlof gt}
@ Turning Gear Motor Bl 4 AFgS WX ste] o] Al&o] WeightE F =3}
= Alg o2 RE AEE ol Turning Gear MotorE &3 &loF 3t}
@ Balance WeightE F#3l= Abg 2 3| A Hol 50717] Aol EFH YA @
o217 HL XS EF AW FEoh
o=

® ERlA ALEH = 3T

e

S

N ofy

lo e

O )
BN
o
o

5 ol Vg yrel e mARS AANA ¥
® #AA7F Weights F-2ste] ol wols wh=Al W] 1919 A7t 9

ofof g},
@ BEolel St A WolAX QLS AWWES gL 1 £L 1A
Bpel Aol Fol Fojol dut.
==

7] el e F gk =1

Hd

o
:Oé

o
)
ro
=

8. Weight Balancing ¥ #&Z& 3 Z 4
(Exercise and Case Histories of Weight Balancing)
8.1 Weight Balancing®] & (Exercise of Weight Balancing)
(1) "1” Shot Balance A4t o A
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[ A 1]
olg] ¥ ¢ & Balance Sensitivity ¥ $I3EAS zt+= ZHO 13 dASE

A #5 Hlol®e] 51 mil~293°, #6 wWlojgo]l 6.9 mil, 325°= 4] FofxlFo] WA 1

2} ASEES] T4 AHS Pair Weight2 38 79 Balance WeightE T3tz o %
% =AA] Strobest AF Plckup«] A= g3ttt (A17] IRD 600).
ROTOR == Weight Sensitivity (k) Rotor @I &Kl
(rom) sEH2E
1200

(1 x) Pair 43.5(g/mil) 110 =
M (315?6%3) Couple 63.4(g/mil) 340
[3]] 29 3-5204 2ol o]t #5, #6 wWlo] & o] W& & (Static) Hi Yjp
Y,= 5.84310°

rr

Balance Weight®] =7] : Wy=k- Y, = 435x58 = 252.3 = 252 gr
ANNERZ ey =130°
Oy = Oyt @yt g = 310+130+0 = 80°
Balance Weight 57t 1 Qg = @ pe— @ #4180 = 80—110+180 = 150°
Wy = 252 gre150° (# 5 #lold =
= 252 gre2150° (# 6 ®old )

a4 3-52 F(Static) AEe] AEHE

[<]A 2]

oA 1ol A 1AF TS HAASHA il AASE(3600 rpm)7HA S EAIA S T,
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Q5o T3

RS

ol oA 2.2 mil~13°, #6 wlolHol A 3.2 mil~257°¢] #-Fo] wAlgT)

o) 4%

Ak

; 3l

7ro 4

e v 19 3-537 2
Ho thste] Couple Weight® 1

S #5 Woly Zo| YR

1 973 (Couple) AEo] Z7] W
Eaia=

A

1
=

c = 2.3 milz52°
Balance Weighte] =7]
52°
86°

: W, = 63.4x2.3 = 146(gr)
On =
Qcar =
Dy = 52° + 86° = 138°
Oy = 138° - 340° + 180° = 338° (#5 Wiy =)
)
146 gr~» 338 - 180 = 146 gr/ 158 (#6 Wlol& =)

=
=

o Wy = 146 gr,338° (#5 wlo] ¥

[l Al 3]
o Al 2004 12} A& =]
(3] (7h) 12 AL =]
Weight®2 474
3-54 F=x).

s Aol &g 7% Balance WeightE 1 3}e}.
Couple Weight$} %< Holl A Pair
Aox oAl 1, oA 29 Weight2 #Aatd Aot (29

@ A

= 3

feig =
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3007
F200¢
*l(X)}
180° 0°
sl
46 < 158
3974152 At

270°

770°
( #5 Brg &) ( #6 Brg = )

a9 3-54 7 WA H A 2] Balance Weighte] 4

(W) # HWolg = 1 252 gr, . 150° + 146 gr»338° = 109 gr. 139°
#6 "ol = 1 252 gr,150° + 146 gr~158° = 397 gr. 152°

o] A%+ Ax 2 dure] 2woA @A e Ao ")
(W) (7Bl Al Paire} Couple o WA o] & 49 Pair 2 Couple® T3+ Balance
Weights Zt7te] wgdwol] H-zhsih,  wAgde Hol 4 Ho] Hrh (o] A5
Pair @ Couple?] Z¥ SAL 58 1 wgdd dis] g Aolojof o).
(th 12+¢] $3ES 28 S99 wAH
4} ghsbd 3woe] Hrt
[ Al 4]
o A4 1¢] Balance WeightE #5-3}¢] 1 ShotS A AIgE T2 #5 Hjo] & 2
2.1 mil~260°, #6 Wlo]® ] FF 2 35 mil~2320°=2 ALZHAA T FEA = 5.
o}

-
4

s A4, 26 Fue G @

R

ghop, o flole] 2H 14N 54 Hrodel g zeldw w

pul

Sensitivity 2 ¥4 T3] Rk
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( #5 Brg & W3} )
19 3-55 #5, 6 Hlo] oA <]

(7}) Weight &%
19 3-559F 7ol #5, 6 WA "O” Shotdl A "1” Shote.=e] A%

e

Rl

st %, g9 wEle A7) Y, 5,Y, 69 HiA Y. =
Y,= (Y.5+Y6)/2 = (3.53+3.43)/2 = 3.48 mil
whebA A ek Weight 7=

. We 252 _ .
K 7?8—m—724 gr/mll

b A%

"0" Shote] WE & ZAaA717] AsiAE &3 HEE 217 3-559 3
05,04 & Bid 7S AA WFo= o)Fa. F
0= (65 +64)/2=019 +5)/2 =12

28 A4AAZ 0,y = 1100 +12° = 122°0] T,

(2) 9FAT £ ZF AF A A

(A 1]
e e 3 wWEE Ted (A% E)
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949 milz =

1464
_ B ”1"8h t _ i .
SS9 &%:1 ZIESA. | SDHHES A =2 Weight
8 = | 4.7<63 | 7.5<130 | 7.1<347 Pair 2 200gr<30
BRG
BRG 4.5<330 | 4.2<215 7.3<001 M

(5 A=A — A,
=47 mil£63° - 7.5 mil£130° = 7.1 mil£347° (%)

= 45 mil£330° - 4.2 mil£215° = 7.3 mil21° (¥)

s % ol o] AuA
S (sin &) = 4.7 sin 63° - 75 sin 130° = 4.187 - 575 = -1.56
2.1337 - (-4.8209) = 6.955

C (cos AE) = 47 cos 63° - 7.5 cos 130°
L (27) = VS*+C? = V(—1.56)2+(6.955)% = 7.1
S _ —1 _1.56 __ _ o . o
= tan 6955 12.6° = 347
= 4.7 mil£63°— 7.5 mil£130° = 7.1£347°0]t}

0.(7—1—) = tan71 7C
1_Ao

A=A
00
90° 270°
180°
a9 3-56 2@HE ALt
[AA 2]
kA Sensitivity S -8+

[}

a2l 1] 49 9
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A

a= (¢4 : mil/grz %)

_ 12347 : °
= 550 2300 = 0-03% mil/ er £317° ()

_7.341° . o (&
fm—OO?)GS mz]/gr4331 (—r)

[ A 3]
dAl 29 A3E o] &kl oAl 19 %7] Ws Apell Hd FdwA e 75 Pair

Balance WeightE T-3}2}.

AL % (752130 + 4.22217 ) = 44 mil~£159° (Y)

[ee]

(0.0355 2317 + 0.0365 mil/gr~331°) = 0.0357 mil/gr 2 324(a)

adl)

FEFAT FtA -

DO

W= X (pae gaenas dead)

=44 2159 o (A=
= 05T 234 - 122 gr,15° (A= A A)

122 gro15° (5 wAH)
Lol A 4]
o Al 3¢] Weight® ddSwe] 27] JFo] digt FFAsS o553k,
[&l] e=¢y+alW
= 75,130° + 0.03552317° x 122, 15°
= 75,130° + 4.332332°
3.84,105° (FAZ wolg)
= 4.2,215° + 0.0365~2331° x 122, 15°
= 4.2, 215° + 445/ 346°
= 359,284° (%= Wlojd])

o] A3, FAuANoRmE FEI WNe ARS AE F fles & 7 U o] 4
T x7 A e 42 mil~2100 (A Jo1 =)ol oL, A woll thste] o443
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(3) Mode® FFAFTE ©]&3 1 Shot Balance®™ ] o A
(el Al 1]
oW wHo WEA W ARSI obdsh @o] FolA
2] 2] Balance WeightE -3}2}.

o

$ 28 el 290

Z= & | D)VEXNW<E) | G HE (0] gr / <E)
(rom) 5 70 W, T #1 F0
t ¢ oy | 85<84 | 85<281 | Couple

2600 46<158

Balance ™

.015<163 | 8.213<166

Pair 6.63<106 | 8.944<103

[al] (7F) 3600 rpm-Couple Weight A&

34 B YC=%(85484° - 85,281°) = 84.1,93° (#1 wlold =

Y o
Balance Weight W, = — ¢ = — 0 84.1 £ 93
¢ 5 (10.15 £ 163° + 8.213 £ 166°)
81129 o .

=92 grz 289° (#2 Wlojd =)
(4) 2600 rpm - Pair Weight A}-&

AT Y= %(85484" - 10° + 46,158°) = 39.82°

Y o

Balance Weight W, = —% = — i 39.1 £ 182
o 5 (6.630 £ 106° + 8.944 £ 103°)
_ . 39.1 2182 _ o =
7.78 £ 1040 =50 gr4258 (#1 H’"ﬂ% =

5.0 gro258° (#2 W& =)
(th) gA-wAgwHo] o Pairet Couple WeightE A g = At
50,258° + 92,109° = 56 gr2137° (#1 Wy =)
50,258° + 92,289° = 137 gr2278° (#2 W& =)
[ A 2]
e 2 5E4E 2 e 2HAAA 2Y T4 &

WeightE -sheh

v

2W el = 3W Balance
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A

==
—/

(rom)
3600

(82)
2600
(1XH)

(7B 3600 rpm - %% Couple Weight

Sk
=

Wi

Couple

T | =X
#5

35<352

SX(W<E)
# 6
35<207

H==(0/ ar/ <&)
#5 # 6

2.932<171 | 4.285<184

Balance ™

#55 =Y #6%

T

#5 #6
[3H]

61<119 77<110 Single |3.587<104 | 4.481<97

s Y. = %(354352" - 352207°) = 33.4.,10° (#5 Wlol® =)

=]
RN

33.4 2 10°
L (2,923 21710 + 4.285 2 184%)

Balance Weight W, =

33.4 £10° _ _  33.42£10°
3.58 £ 179° 3.58 £ 179°

=93 grs11° (#5 W& =)
=93 grs191° (#6 Wy =)
%} Single Weight

%(614119" + 77,110°) = 68.82114°

(1} 2500 rpm - =

Cats

Y

=]
RS

68.8 £ 114°
L (3587 2 104 + 4.481 2 97)

Balance Weight Wg =

_ 68.8 £ 114°
4.03 £ 100°

= 1712194° (29 5U)

8.2 Weight Balancing®] ##l (Case Histories of Weight Balancing)

8.2.1 #EK Z ¥l 9 Static Weight Balancing
(Static Weight Balancing in Generator Rotor)

(1) Ms
500 MV 8¢ RE3sle gyl wAv)e
| Asste] AYER(B) # 1 Akele] C Couplmgoﬂ

oj-&3ste] e HEnHFE A=k

=
=

A %Fo 7
EffectZ A

<

2HE A4 wHA e

5.:
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(2) &= ANEF A5E3
LPB ZH 4 7] 2E
Boa} Ll
#ou o] 7 #oH o] & #ru o] & #8w o] &
9.2.18 58.,315° | 30,045° | 84.,000° | 78.,030° IRDS85
159 MW
%.2.18 19,315° | 28,045° | 83.,000° | 82,0300 | TTI4m pp
245 I LRV 2%
< 48,330° | 24,045° | 86,345° | 87.,030°
480 MW
- EHle] MEe 50 molstE FEah, 47, 8 WlojR e W] JEe FieE
R Ay HYe] Ax 85~90 mz AR S
(3) "0” Shot "ol (¥ 3-57 I=x)
B LPB =¥ 167 =2H )
R LR R ECEFRESER -
- 76 £ 300° 36 £ 020° 121 £ 320° 127 210° GEN Air Pr
3600 rpm ‘
77 38 122 127 0.3 kg/cr
- 7)o FEe] 120 mol o R EE
- AFFE DRPM A gholar of gk Al HE gk
(4) "1” Shot Static Weight Balancing
B 7] 2HO HFuA AHo] gloemw ¥ 3-4 7] High Spot
Number ChartZ ©] €3t 24 7] Balance Weight % 2 92Z A A
[Static Weight =% = 9 X A4
o Staticld® (#7, 8 Wloldg AFAE A2 Ao T4H)

=
45

79wl of

o Static Weight
dpw =

bpw

Balance

om = SHAY

dre = Pickup $1#1(30°)¢} Strobe 93] (270°)%F2] =}o](120°)

; 112 pm 2 345°
831 H-”Oi O'_l ’ ; 112 um4345°

A% 7w

Weight # 521 %=

Gear = S37] 914AA BT =

7}

=(345°)

Omt+deartPre-90(HSNO-1)£180°

=(290°)
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HSNO = High Spot No.(1.6~19) (% 3-4 %)
dpw = (345+290+120)-90(1.6~1.9-1)£180 = 134~161°
o Static Weight &%

Al

N
BT

Static %
FHHEstdA #o

1 m3 39~56 gro|2=
= 437~627 gre] Weight=

Static Weight Sensitivity &
A=E glol7]l ¢8) 112x(3.9~5.6)

112 mE

¢

U

o AF THF R A
TA7] AFS agE 150°00 435 gr A5
o WeAR
N LPB ZE T7] 2
S H 1
# #6 #7 #8
95318 | 69.,270° | 37.£015° | 57 £285° | 20 £030° IRD885
3600 rpm 70 39 59 25 | GEN Air Pr 0.3 ke/cn

- w7 e] AEo] dAyE A ZAEPo g i

[oi3
=18

A7171 S8l mAl =4
(5) "2" Shot Weight Balancing

Y g A #7, 8 Hlo]H = A 2] Sensitivity &=
ojty. Fyst A4 QXV\‘:OHH 40 m p-pol el
AA BEFo g o] E A 7| 1 e o] AR
ZEA 71 #TM " S 7 E 2 530 gr/435 gr x 40 pm =49 ym Aol WE H (1A 2
Shot AA2E X 28 s 290°)°] AS 3, #8 WlojH = FFS 530 gr/435 gr x 55
=67 m Aole]l WEH (LN A 2 Shot ol HEA 42 im2 100 AL Aol

A= Z472F 40 m 2 55 um
3l7] 918t Weight 93 &

o @9 AL 47 95 grd

=T =2

==

_I[Nv

Aol

Ty vl B vhek o] 2 Shotd Al dEAE BHWl #8 WolgEe A9
o e} ot #7 WMoY FE JEAE US HAaHASH G A %= thaAto] 7t
A
"l %
o BT o e
95.3.19 41,255° | 27,000° | 10,045° | 40,105° | IRD8S5
3600 rpm 42(34) 29(21) 12(°9) 42(42) (TSI)
95.3.19 27,240° | 25,355° | 10,220° | 41,115° | IRD885
516 MW 28(21) 27(21) 11( 9) 42(40) (TSI)




1470 — A3¥W 71419 Ay 7<=

o9 3-57

k7] Static Balancing #E &=
8.2.2 K B¥l ZE] 9 Couple Weight Balancing
(Couple Weight Balancing in LP Turbine Rotor)
1) Ma

mfd 7] 5 A A (DSS) 2 Governor Free &2 5
357 AYERI(#A)S #3, 4 HloJH S Fo] F3 A i =5

o] & uAT s

R

(2) "0" Shot Hlol¥ (¥ 3-58 F=x)

uoog HIP =¥ LPA ZH
[e}
v 41 wWolel | #2 wlojey | #3 wolg #4 wolg
'98. 5. 15
30 m~350° | 77 mms35° | 47 pms325° 41 ms 115°
3600 rpm
Load Effect - 35 um.~237° 28 um25° 24 ym2177°
AHESA] o33 E - 48 m~18° | 70 pm 2 340° 57 mz137°
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7t Wl BRE AALE(3600 rpm)EE ARSEA WaEE A% e
< Load Effectz} atv o] el YERd Load Effect g2 1 &<t 716 A 3AA 7]
8 s Hig oty mekA 0" Shot Hlo|E 2 4-E] Load Effecte] WE #HS
gfZ el A et dRetA] o4 Wsel Hn

ARsHA o Rs ol A B npel o] b Frho] we 29 wlojd e 3
Zdkal 3¥ Moy e Assts Aol o AYEN ZEHE TSR 19
Bl 2o v dE 9 (Cross Effect)> (3)FollA Hi= npe} o] Ao

1o}

qakel ABFLE HWsnd

N

(3) "1” Shot Couple Weight Balancing
(7}) High Spot Number Chartel] 93 A4t (28 3-58 F =)
"0" Shot ¥ &=l A]
Static A& ; 12 m226° (#3, 4 wo]H=)
Couple A& ; 42 mm~ 306° (#3 Hjol g =)
42 12 136° (#4 Wl =)
3 3-29] Chart I-3& &3t vh&3 o] ALk
[Couple Weight 3 2 9 2] A4t
o Couple Weight %7} %
dBW = ¢M+OCAL+dRG-90(HSNO-1)£180°
®BW = Balance Weight #F 2=
¢CAL = SA47] 97 597 5(290°)
OM = S 25 (309° : #3 wlo]H =)
®RG = Pickup¥} StrobeAlo]e] Z}%(30°)
HSNO = High Spot No(1.9)
dBW = (309+290+30)-90(1.9-1)+180 = 8° (#3 W& =)
= 8° + 180° = 188° (#4 W& =
o Couple Weight =%
Couple Weight Sensitivity= 1 ' 1.67 gro]l22 Couple IZAHE 42 mE

AeF glell7] 918l 42x1.67 =70 gre] WeightE 535t T

w7 Weights #3 #lo]&Sell 70 gro8°, #4 wlo]g=o] 70 gro188° &L 7]
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oty F5-3F 3600 rpmoll A #3, 4 wWe] ¥ o] X5 Static Unbalance 7%t

A HER RF 12 ms26%e] dar, AF-skAlel= #3, 4 wlojE =9 Load

Effect Z1ti® 283 AHolmz 13 3-580 49} ko] #3 Hlojg o= 42

2 12°, #4 WG Zel M= 16 ms 150°9) & Zolth ol7|A #2 wlojg =
%

=
o AFe mEu vher A% olduw dysn Ak

1% 3-58 High Spot Number Chartel]l ¢JgF A E W1 2ZH 9 Couple Balancing 180°

(4) Balance Sensitivity 2] 93 A4 (28 3-59 Z =)
o Couple Weight ¥2tA] Balance Sensitivity 2 %

(#3 Wloj=® = 5 100 gro0° #4 wlolgd= ; 100 gr~180° A )

Cross Effect Tagging Effect
#1 wlojg] | #2 wlojg] | #3 w|o] ¥ #4 Ho] g
10 m~280°|9 mm .~ 240°| 40 tm~140° | 34 mm~310° |1, 2, 45 7] H 1 Sensitivity

H] 21

High Spot Number ChartE o|&3dto] W& st= 49w 7IAAZAA7 1 g
S A F3= AFow 7testal d¥bE © 2= Balance Sensitivity A A X & 9]
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&3t HA] 71EA7F Weighte] FT@elu AX A& dstedz 24T
= o222 High Spot Number ChartZ o] &% wHtl A3y vAZRAE
ZhsshA R v BEgsith 2y HEHEE AT o AAg FolE 7] &0l

W Eed A3s A9
ol A Balance SensitivityE ©]-83F+= Couple Balance x5 A7) gk}

@D 3600 rpm FH-3F FEjol Aol #2 3, 4 WlolHSZ] HAFAEHH2 - 77 ms35°, #3
47 ms 325°, #4 1 41 im2 115°)S 18},

@ ol 7+ HollA Load Effect(#2 : 35 mm~237°, #3 : 28 im25°, #4 © 24 um2177°)
E 28 o] e WA HEstol M o AEA otk (#2 1 48 ms18°, #3 :
70 pm2340°, #4 : 57 um 2 137°).

@ #3 Wloj" = wAW]| 100 gr20° #4 o]y = AWM 100 gr~180°¢] Couple
WeightE 23S w9 Tagging Efect®3 : 40 pmz140°, #4 : 34 mm~2310°)¢}+
Cross Effect#2 @ 9 2 240°)& Z+2t 44S 718ty adgd =

@ High Spot Number Chart® ©o]&€3 uw 3600 rpm F%3F el Couple
Balancing®] %382 #3, 4 W] 3600 rpm -3t A& A4S Ao FU4A
ojty, F o] TdHol #3, 4 Moj= el A 3600 rpm F-H-3 FE Aotk o] A

£ A5A7IH 247 Load Effectits o] 538hA # ).

® A o] FYHo] AFF A FFo] 71 ¥e Couple Balancing® =X L71?
2% 3-59 AellA BW #3wle]d o] Load Effect®] WaFe 912 sk 9l #4

2 gkstal doh. meba #3 Wlojg & o] TYHET ol &

#4 W)Y o] FAART S1F 3600 rpm FHE WEHo] A= o] =&

Ial _4

©® ol¢k ol a7]flaiA = 0°9F 180°l #1213+ Couple WeightE 9ol 9] Z+% 20°9
200°01 XA o5 FAmFEW 42, 3, 4 Wlo]YF 3600 rpm FH-FFHOEY
B Q@A o]n] #=3d Tagging 2 Cross Effect WakR T 20° WA Al H3F#2 -
240° —260°, #3 : 140° —160°, #4 : 310° —330°) o2 WEH XS a3,

@ o] WME Al o\ A7} dFstelA 7 vhe xss 2E ZQ17F? High
Spot Number ChartE ©]&3% uwl= Couple Balance WeightE 70 gr €8t 33
th a2y AAASE 100 grel Couple WeightE 29kth. 100 grel Couple
WeightE & u] Balance Sensitivity= Tagging 9 Cross Effect o]|B 2 #2 uﬂo}
He 9 m, #3 W) HE 40 pm 2P #4 Wo]HE 34 molqemE #2 3 4 F
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3 o 2R E Couple WeightES 20° WA A Weko 2 o]%3 #E A Ao zZ+zk 9
wm, 40 m, 34 ol A FEtE Ho] vlE #3 g 100 gr~20°, #4 gl 100
gr»200° Couple WeightE ©3% 3600 rpm 53t *4A19 AFHoeltk #2 : 70
w2 30° #3 1 14 m2270° #4 : 24 m £ 56°).

Load Effecti= a3 71A¢] a3 ko= WebA] @=vha 7Pgsta By

it wekA A 28 Couple Weight= %?—91 3600 rpm #4531 A EFH Q‘EP%Ei
#2, 3, 4 Moo= A2 Load Effecte} 22 wWakyl 722 379 X7} HF5}o A
o] o AR FXolt) (#2 1 45 ums 8, #3 1 26 um~345°, #4 : 26 pm .~ 120°).
©)
HIP Rotor LPA Rotor
98. 5. 15 W] 22

#1 wloly | #2 wloly | 43 wloE #4 W ol g
FESH 29 im20° | 68 m230° | 27 mm2310° | 20 pm295° | A A X

A=RoR 70 ym230° | 14 m2270° | 24 um256° | odl7dA]

350 MW A E3 | 52 ims55° | 40 mm25° | 28 pm~2330° | 30 um2125° | A A A

350 MW A st 45 s 8 | 26 ums345° | 26 pm2 120° | o A=A

2)
AN xR Aol Y 2HAME ST Aol Tor WD

4%,
T Ao o] Fre] gAfol= A9 gkdsitha & 4 9t

@ <ol A Couple WeightZ 100 gr~20°¢ 100 gr~200°¢] © ZHo] AR slo| A 7}
W AFEAE VA E LEARIZEE 19 3-590 A thA] A Eal. IF Aol
A dE Hol®E Weighto] A ZteE 10° A=W WAA] BFo & o]Fstil T4
+ 150 gr~200 gro® 7 AFEuHd o $2 A3E 7HASS Bolt. EE
o] A9+ #2, 3, 4 Wy Me S HAAINE Ao gt a2y o] ol
A= BFskel #5, 6 ol o] Cross Effects 3E718HA ek Atk #2, 3, 4 wWloj=] <]
HEo] 748 4E = Couple Weight T3S S7F AZS4E #5, 6 W3 s

2 3 Mol AEL &84 o
7.

(@
=
o
wn
107]
=
ol
@)
il
o
2
ol
o
s
ro
vt
it
A
Lo
)
off
o
I
(o3
9
Ry
>
&
k
oy
&
=
(@]
@
é
wQ
=
i

Aol of Fek.
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180°

13 3-59 Balance Sensitivity 2 & o] o]aF A 4EH ZE 9 Couple Balancing.

8.2.3 Single Weight Balancing®] #fi&X (Single Weight Balancing Procedure)

Single Unbalancex= B3H3% JEjA Awst nle} o] Static # Couple

gL
Unbalance®] &3 %3 oz FaAA o] ¥ FAlo] ol oA 3 HdFAZ=1 wx}
& 593 A2 (Couple Unbalance?] 4% 3 A2 TAoA wzkg) Hs3Ee
gl dASEE 2 FAAEE BFoA Erh I ok HlojgolAe AS JALZE
A= Ty BAEE Thte] A5 9o r Ak

olel 99 WEnAHL Static @ Couple Unbalance A< 25 7FAaL 7] Wi
o IEHEE FAs] Z AETEH AdE At Hu EE SlgrE BolA
=)

Unbalance= ¥ 3-603} Zo] drZHo| Static Weight9}

@
Q
o
=
¢
]
=g
—+
N
-

o o o
4
o

Lo ASEA $F WAUe AR wie] FUAT Weingt® PAY Bast g 4
Blol %2 wAW & W(l-Plane)l A% Weight® $2stwl werie] 7Hsa 234

oz
=
o
o

rr

a2y A4 3d Sigle Unbalance$! 7% 2w slE  Static ¥ Couple
Unbalance®] ¥urA < Z3RM(FHAEF AT Fol v AY wAsA e e 4

t}) Dynamic Unbalance 727} of ¥-&o|t}.

9}
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TN

Counter
Weight

O=0

Single
Weight

19 3-60 Single Unbalance %}

Single Weight Baalancing& <53+ Single Unbalance?l 7 %1 o]} FAFsH &8 9
Dynamic Unbalance?l 7 9o 47 Fxef A4 Hxore HAss A%
FEo 2N AAT, HE F8% A dFAG oa ek 3¢t Weight &=
A A dsetaat & o ARgE = TR 7ol

Single Weight Balancing*] 9] Weighte] At
71H & o]83te Static A+ Couple HESZ
Balance Weighte] ZL7]¢} d X X (T =)E A4kt

H] & Static Weight®} Couple Weight®] F A zko]l7F dulgt® AL wtuZFo] ¢4
g wAW(YE 3-609 A= 5 wAR)oA e FAE AR AdE Ao=EdY
WeightE @74 &3 ywA % W AHX]E Static Weight®} Couple Weightz 22
Ao FA2 281715 = Single WeightE ol 59 Z7]d wa} Weight 27171 2
AE A9 ERle A& A9 AQFERIS giAZ 150~250 gr, A EH-S 250 ~400

gr AEE v Aol dwrdel Egojtt. W UwrH o= Trial Weightd Balance

kY

Sensitivity 7} Static Balancing?! 7 -$-®.t} Couple Balancing¢! 2% © Z 2= Single
Weight= Couple WeightE golofst 9] 7FgA ths Aol nhghz s},
8.2.4 HEE W Z¥ ¢ Single Weight Balancing
(Single Weight Balancing in HP Turbine Rotor)
1) e
Besty 457] gyle] '94d Al oiAn 2AdS lsugor FFEHsto
skov ‘94d 79 259 A AE Shockel ©s LYENIY X-E
gy s AEdoeR wAskA] Xsta AL sk, sHAIHE Peak 73S R

Wi F2AA7]749.4~95)S ©] &3} Single Weight Balancing &.
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(2) "0” Shot H]°]H|

a9t gwl A H(A) B A 9HB) EH
53 H]
#lw o] = [#2m o) & (#3u o] & [#4u] o] & [#5ul] o] &) |46 o] &
9494 59,90° [95,345°| 64 ,150° | 552.270° | 9,345° | 67 ~340°

3600rpm | 63(63) |101(104) | 71(63) 57(49) 19(16) 68(61)

l

] m(IRDSSS)

(3) "1” Shot Single Weight Balancing
D Static ¥ Couple Weight =& % 9]3]
"0” Shots YERH 1% 3-610l A
Static A+ ; 50 mm220° (#1, 2 WHZH)
Couple A& ; 63 m~136° (#1 Wo]&H =)
63 tm2 316° (#2 W& =)
¥ 3-2 ¥l High Spot Number & Sensitivity Chart -3 % &
o Static Weight &34 %=
dBW = dM+dCAL+dRG-90(HSNO-1)£180°
¢BW = Balance Weight 352 %
OCAL = 47| 91 5424 %=(290°)
oM = SAAY 7H5=(20°)
®RG = Pick Up¥} StrobeAle] 9 zZF%=(30°)
HSNO = High Spot No.(2.7)
OBW = (20° + 290° + 30°) - 90(2.7-1°)*180° = 7°

5wl

0

Jm

o Static Weight =%
Static Weight Sensitivity= 1 m%3 11.16 gro] == Static A% 50
el 7] f18ll 50x11.16 = 558 gre] WeightE F4-stwd €.
o Couple Weight # %72t =
OBW = dM+PCAL+ORG-90(HSNO-1)£180°
$BW = Balance Weight 3 %2%
®CAL = 547 914 5472 =(290°)

i
2
oft
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®RG = Pick Up¥} Strobe Alo]e] zF%(30°)
HSNO = High Spot No.(1.7)

®BW = (138+290+30)-90(1.7-1)+180 = 215° (#1 w|o]
= 215° + 180° = 395° = 35° (#2 wloj=g =

o Couple Weight &%

92)

Couple Weight Sensitivity:= 1 m3 5.02 gro] 2= Couple A ¥ 63 mE A&
el 7] #13l 63x5.02 = 316 gre] WeightE # &F3tH

@ Single Weight $% % 9%

#1 wlojel= wAHW Ao Static ¥ Couple 4 Weightt
9} 316 grs215°2 FAlE 242 gr(558 gr-316 gr) & 4x &=
o7} Qo o] 52 AR AEo Uk d
A A A Static 2 Couple ™A Weight=
2 Dolokdt Single Weight® Z&FA1¢l 316 gre 2)

Weight A 2] 221 35°0] dolof i},

a1} 8238 oAl AF3 ule} o] etE Elol

o

2 5l
~250 gr& SAIHEZ 632 gral4l 200 gre AAEI 34° FEEQ1 3009
Single WeightE ©3 33 23 th& #9l o] 3600 rpm FH-3loll A #3,
4 Wy Aed tih FFsdoy #1 wojdy FA #2 Wy W A
A FAastedth 53] #3, 4 Wolg 2 dAEstdAE He AEsAE AL
At

. HIP &% LPA ElHl LPB E#l 0
#lujol g | #2u o] = | #3uWlo] | | #4uo] =] | #5ul o] I | #6H o
94.9.4 19,80° | 67215° | 772170° | 702260° | 9,285° | 77, 320° IRD
3600 rpm | 28( ) 72(70) 82(80) 72(56) 19(18) 80(70) 885
94.9.5 30260° | 602000° | 252150° | 30£225° | 152000° | 552 000°
350 Mw 40(36) 68(62) 41(36) 33(29) 27(22) 62(51)
1 Single WeightE 632 groll A 200 gro 2 =AA #4247 A3 "Eo] wtxE~

A F2HA FE=thH Single Weightoll 93 a7 E] 5 Balance Sensitivity &
Jelw £& A3s dA 2 Ao}

sho] ThAl g W

o]

zyz}t 558 gr.7°
208°(215°-7°) =}
Feieta 7hgsta, #2 wolg S
Zy7; 558 gro 7°9F 316 gr.35°
< 632 gr< Couple

=
&
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#2 558gr<7°
0°
30° #1\5580rk7° ; 330°
3 #2<35
60° 300°
A

180°

a9 3-61 AYEW ZE 2] Single Weight Balancing

8.25 BHEK ZH <9 #E3 Weight Balancing
(Coupling Weight Balancing in Generator Rotor)

1) He

500 MW &=Fe] ®eEsts 3357 AYEHHNIEB)S desugoz A A

W 24 25 ZaH Aoy Cross Effect® Q1se] A+ =
2 -

iy e
A= Fas AFelokd = AR B2 ARto] ~8Y
A

ot

e W) NE WAL
o2 EHR/EA7) Aele] Qi AN wyste] WAl AES WA A#g.

(2) "0” Shot & ®Hlolg (¥ 3-62 F=xX)
#5, 6 W] Fzo] Aol Ay} fEC HHoR FFste] #5 H
olg) Zo] 145 gr,20°, # Wol8 Zof 145 gr~200°¢] Balance WeightE X3}

7155 A ASERL AA Y s Fasta o g Eeh 2ol wxre xlEol
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@9 m (DM2000, X-ABS)

HIP LPA LPB GEN
8 Ml
#1001 3 | 420001 2 | #3001 3 #4001 #5001 3 6w of 3 [#7v0 o) 3 8 o]
95.5.6 |37.,191°|302328° |42 2299° |36 £ 290°|85 2 268°| 88 2 37° |60 £ 314°|54 ~ 281° < 7]
3600rpm 44 43 47 45 86 95 62 56 e s
95.5.7 |37.,187°|31,318° |44 £299° |36 £ 283°|65 £ 278°| 53 £ 52° |77 £ 309°|71 2 281° N
3600rpm 45 48 48 44 67 56 78 73 e

(3) LP#B/GENZt #Z3 Weight Balancing (”1”Shot)
A ZH A2l Weight Balancing2 191 @#Alol® 3600 rpm F4H-3F A e
wolg ol WE2 53 ms52°, #7Mold e s 77 yms309°¢) LPB E{Wl wh

7He] AZYNAE AES A5 Loz 46 7 wolgdo WEhe =

A

7]

R

L

2 o]

=
ghan et g2 #6, 7 Wlol® EA Y FA] tiEF 65 yms0°0] 2 Aot
@ High Spot Nomber Chartell £]3F A4k
[Weight -2} =]
Ppw = OmtPeartPra—90(HSNO-1)£180°
dpw = Balance Weight # -2t
dear = FH7] A8 SAHA=0°)
dv = SAAY 24200
dre = X-Pick Up¥ Keyphasor7re] z+=(75°)
HSNO = High Spot No(1.8) (% 3-2 Chart -3 #x)
dpw = (0+0+75)-90(1.8-1)+180 = 183°
[Weight = %]
71Z&% Weight Sensitivity= 3600 rpm¥ "] 1 m< 4.46 gr(4 Oz/mil)o] =2
AEALE 66 mE AF o7l 13l 65x4.46=290 gre] WeightE F23sH
A=
@ Sensitivity A4 2]k Ak
"C" Coupling Weight #2tA] Balance Sensitivity 4! %]

(100 gr20° H=A] )

=

# Mol #7 w0l = #8 ol g H]
15 pm213° 12 pm 2 352° 16 pm 2 344°




A3F EFY — 1481

a9 3-62 7 =% Weight Balancing

g 3-62 el #6, 7, 8 Wlol@ 2] "0” Shot A FAE IHUF o|HEZKE C A=Y
o] Weight H2A(100 gr~20°)¢ &3¥E (Balance Sensitivity)E& #=3t;, ol& &
I Wy 5ol o] WHeEor olFstEly o Ak 160° % WA WEo R
o]F3ta FAE 300 grd®: €™ #Hr). o] F2 High Spot Number Chartg& ©]-&3]
o] F&3kQ1 290 gr~,0°¢} Bl ==shrt.

Z# v C-Coupling®ll Balance Weight Type2 Plug®d o 2 3}lu2] Holeo] 300 gro
WeightE& & 4 $lo] 157°¢9F 180°¢] Holeol vrolA & 4 diel gl =gk A 23|
F2 Weight g 719 FA7F 160 grolofjA] g2 @7]= skdch. 5 160 gr~ 157°%
160 gr~180°¢l 271 Weightg& @tomz ol& F/dstd 314 gro1685°22 g 7
] WeightZ @ g 3to} 2t}

wpe}A] 314 gr~1685°9] Balance WeightE €S wl 3600 rpm F5-3loll Al o A5

-

T AEAE #6042 mo114°, #7052 m2285°, #8: 56 yms235°¢ vk ek A A
T ol M Ha vpeh o] o AR F&Aolal AR o= vHE vk gk
o2 2AHA.
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o]¢} o] Cross Effect® Z @83 7] F425 X2z H A= FA
A

A e dAE BE Ay A7 gFon 276 78 A4S & AsEe] AN
Fge AL 5 A

LP#B GEN
# ol g | #6 Hlol | 47 MlolY | 48 Wl
95.5.7 46.,.288° | 30.82° | 54.,303° | 47.277°

3600 rpm 48 38 55 48
98.5.8 44 £ 304° 20267° 46 £326° | 32.,290°
500 Mw 49 33 49 41

9. BEH 289 #yy SUXE (Generator Rotor Thermal Sensitivity)
9.1 #% (Introduction)

i
%

WA 7] ZE 9 Thermal Sensitivity(€4 W17 %E)E 237 ZH 24 4
v dAoE ARAFIE FEHEA HEo] WEkstt, ol gk sk
7] AREeA g F WMES HASY Y. HH 7] 289 Thermal Sensitivity (2

=
aE)e 2y FH AF WEgo e v E37F EddaAAy & HEF o]

& AF-L-

= A

24}

o,

o

Sk oldd @xe FowA A9
Aol F8 fe vel o wxE = % RE AAA F37 Aold AWF A%
A 2 Aolzk W] wiEeld. =¥ Ade] A% wgew Ao ArHew

MRk R A,

ez ]
=
H=3 2 A wol =2 Az

enerator Rotor Vibration)
Woll A fA] 5] at,

ol
Eof ojmgt & 238l A
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0.3 BEK ZH 9 21 MUXE (Generator Rotor Thermal Sensitivity)

dxH o7 WZAs REE #3d Aoz Qs ZE Balance AHWIE 1xRPM
For SH A5 E yEhdrh wef Ale A8 LAsE AA 1Ee] 3§ A o
el mFad "dA ugn's ueshA @e e AZ3 Q7o z 574
A o)A 7] wiEel AFeo FAUYL 1Y 3-6401 YEbG BEek 2ol Polar Chartel A5
EAghgteh, wheF g WEZE 50~80 ymel YT olulel A A EHAY &t
A% = A5
= 4

18 3-64 Thermal Vibration VectorE YEH = Polar Plot

O

Thermal Sensitivitye] &&= ut 49l Z(Reversible) @ H] 7} & <]
A(Irreversible) 5 7FA7F 9o, T 7AAth AXAFo| wpe} HstA| g 7F 2 ¢l &g
© s Tkt At AAAFE Sl wed. d& 59, AAAAFIE S
w A E ol A o] X5l 25 ol Al 75 mE FrFeka, AR [T A o s det
A Aol A3 o] Thermal Sensitivity Types 7t olgta ghc}. o] 3k
749+ Thermal Vector’t A=ZHE S¥ata Hol zlso] &8 A oo A==

wAYe T 5 9

[
X
e
AN
~
2
N
o
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9.5.3 ## IRz (Insulation Variation)
Coil SlotWell A ¢} Retaining Ring o} ol A

7 @

o

s A%

o] &4y

s

=
R
R

I

Fon}

<

3},

2] 5

3
ol
RE
bAoA

o (¥ 3-68 =).

o] Slipe] &4

=

[

= O
-
=

=

dl

A

o) Z9

o
a

Ioh AAAFE F7HA

ol
=
=

f2 Al ARl A

I3

k9
R

=

A= o A=}

d

JEl= o= SF &%

o

RS

3

s

A 77E AAE o

Slotw €]
o] &
A

_‘|

3l

=
O

atm, Az A

S

Q

a

A

=

A=A ARSE 2 Fez 37

=
T

Hol ZE7F 3 AER doldth

A o] E %ol Slot¢re® =03t

AT

B

e
=

l?__
AEE AR 2HA

Eo BT} &=
Fol XE9] Step WHEE 2

=

)

s

3|
i

o] ]

21 g
H| 7} 2 & Slip-sticko] .

o =
= &

]

s

)l

=]

o8

-

R

B} 2] Thermal Sensitivity



A3 EFY — 1489

~——— Wedge

= / Conductor
/ Turn Insulation

 § /Slot Armor
Insulation Configuration and

Clearances Must be Uniform
in All Slots

ARl A7) AAZ2 Slot 174

9.5.4 Wedge #1372 (Wedge Fit)

Wedges MEaAY wAstd Hd7] 2y d4o= wzsid & gt

ojAL 53] 3 Fo 3 FI SlotollA UF WedgeHs wAS}AS w e

Wedge®] %49lo] ddstA ¥udl 2HY wils dovle 5 wdFoem &= 94
o] & 4 3ttt Wedges /ME T A v AN ZE Wedged 7

2]
H
FAss HEs Fo) A ABsE o] WS Fasth (1Y 3-69). olHF P

(6]

Interference
Here Can
Cause a
Thermal Bow

Wedge Fit
Wedge Fit Must be Uniform

a9 3-69 Coil Wedge Fitting

9.5.5 Distance Block #1137 (Distance Block Fitting)

W2 7] AAE<9 EndwindingWoll A 97k 4S8 & Distance Block<

N
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AAE 7+A o] FAHo]oF st HAsA FHEoloF vy B A 7+4 3 Hdx
23 YL B Y3 I YoA Retaining Ring =3+ Center Ring2 E3te] A A}
dx=2 A, Thermal Sensitivity®] W& 7he &4 2o 3 T3 &
EAS WHIAZA 4 Aot (28 3-70, 3-71). Distance Block Z#o| #dsl#] £3pd
7FG A HE S o] Al = 9l
rL — N — [
T B — 11
1 1 -
I 1 | 1 I 1
T 1T T

a9 3-70 WA 7] End Blocking A A

Winding Loose Block

M Tight Block M
38 3-71 E1 Y3 Blockingo] 98] &A= w3

9.5.6 Retaining Ring/Centering Ring®] &3¢
(Retaining Ring/Centering Ring Assembly Movement)
AARAFZE E7ve W A Zd=2FE FAS Z Fo] Retaining Ring ¥
Centering Ring2 2 ¥t} o] RingEo] AAsA A A godd AARZLS Bt
i 2EHE A @k meh dubgo] R84 %3HH RingES
229 4= 9lom Retaining Ring @& F4& HA3A 7t}
s
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Ao 7k MstelA S =E3 dubg 2] wgH ]
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dell= A sfAde] <tet

Spindle-mounted Retaining Ringg 7}4i= =F+E Retaining Ringel # 3&
Spindle Section®] A X% 7] w&o] Body-mounted Retaining Ring?] =E]o] H]3|
Thermal Sensitivity7} €4l o] wzksith= 318 golof g}, o]e]gh o] ulfitol
& A7]9 Axial Force¥dol= Spindle-mounted Rotor:= © ZIA 34 Hu (2
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ot m

e

Magnetic or

Non- tic Ref

Magnetic or
Non-Magnetic Retaining Ring

(Spindle Mounted)

(Body Mounted)

9 3-72 YWEA 2l Retaining Ring Mounting &

Spindle Mounted Retaining Rings

——

—

Body Mounted Retaining Rings
18 3-73 End Winding Blocking 3 ¢] o]%

9.5.7 §°] 1= Slot (Tight Slots)
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+ Binding in Slot #1 in Pole A
* Copper I8 Restricted When Current increased
* Pole B Is Unrestricted

a9 3-74 7AYo ® AstE Thermal Sensitivity

9.5.8 &) FUR3 &% =¥ (Heat Sensitive Rotor Forging)
=AY vERr] =3 @dol ARt H ] ZE gl Ade 54 iy
a2 grola WAStY AR maAle] Ao #AVE glvk. A Fe] HAo] wU3A
7] wWiel ARAFTI THE W g = WFgor umA A WSt =
HE A sh o3t 42 Am Fa2Y dx A A s T4 ol
ola ottt

Sto| A AAF3F Bd 7] ZE Thermal Sensitivity A5 714 Gtz oz AMWe =
LA ol ARE bdg &S A oYtk HAAY o8& FATFI QA ARE B of
H e &4 Ags 22 AEE dddS s 9ol HH ARE dA o
2 wizetA dvh 4, BEAY 9 np#@ T FololE ddetA Fow AAHFI W
o Thermal Sensitivity7} @AJgtch  of @ A 9o = 919 Ul = b AJAE
oe 7HA 7 BEdAor Agate] o] FAZE dojdrt. oA Audlkel EE EH
E o] A X9 Thermal SensitivityS 7}#| F AL EH3 AA
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R
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o} &A s A zFS Zal Sensitivity =S AT

9.6 & BRERE AL R (Thermal Sensitivity Findings)

A 700070 o)) HHT7|F AN FHFQ] LH7] AAelA Thermal
Sensitivity ¢} #H % 449 EAHES 7HAAL e ZHE 05% oldteltt. ol&5F
Thermal Sensitivity W&ol €48 = gl AL o 3 /oy & RAEL & F
adgete A s E&dAE 2HetE B W wid o] A zlojrh. dwkH o
2 Thermal Sensitivitys A AAE of7lstA &= FAT #x7]e] &840 +AS

AlgketAl gt
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RE WH7] 2HolE o= A% Thermal Sensitivity7} oy 7-4 ¥z @l
Spindle-mounted Retaining Ring ZEdAE E3] Fagddo] =S =& A% A=
S AA AEeA Evt. 2EHE 4AS JdE IHAA e ARAFE SFAA
A &g A gow Thermal Sensitivity7} Ldoiyr] 4
gtk oS ZEHO 29 B9 EE 7 Atasg e tgE 8QlEe

e 7HEE Aol

9.7 2o 2 RS Hige ) (Examples of Thermally Sensitive Fields)
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Sensitivity® A As7] gk bS53 22 oy 7HA A&8S A
(1) "Slip-Plane” 71 & &
Thermal Sensitivitye] dREAQA W1ZFo] b= AlAEAU e 71AAA T
Tgolth o]FL Slotlel A wpd HE= F&o] FdstA] X3y] e dojg

ATt GEv= AAAFTZE 5E W AR A w3o] WAsHA] FEE F Wk
Winding ForceZ7} ©@x% Alzte] wdstA #&st%=5 k= "Slip-Plane”S 71t

\r

=
o "Slip-Plane’e =% thir ARoA vtz G2 BAA stol ZH FPe] AA
2RAH P& AAAALE o AuEe AL ARV H§ 5T B opy
& gAs ARAANE A EbsE 59 e AGATE Lol £AHD 3
%

3 W7 A e ARl aRAelth. @ udH AF Gt dehds 2o Ade

(2) %2‘17] AR A A
22 AAAFL FadgstA A5 E 1y Wz e Ax w37+ AH
Wzt A w2 fx vhsstH Ty A AR dxE Aol 9
H}72 =2 FaHHEs A Thermal Sensitivity A7} o &
WA AR NxeEEA oY XAV AAF] HojA i 7 ]
Ak AR FAol ErbsstAY AA7IZEo] Fadt Ffdde wdd Ads A
Aal M2 A gAY AxE Az A2 ALSAY Az A Pz
2ol AAE Ao wzkd WAy Yo AxEY=dy MEE ZE 49 Thermal
Sensitivity7F A AH At o]#F UL 7hgH B H|rby
UELE AlRfel] A st
(3) A7 AR M=
T8 A% AR GXE 2 Retaining Ring AlololA ¢ a5 LAl iy
& TY EHL AR dojubr] wjEo| Top Turn, 2¥E 2 Blockinge ©] X4
REa WY ok ol g AHle 53] 7l AAVE gAY F-st wsvE wl
Hek =2 AAF AEHddA xstE BT dojdrh. H<AE, Creepage
E= JMEste] ol2lg e Aol A

Thermal Sensitivity 7}
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Thermal Sensitivity7} ZA ZA2#ck o83 A WHe 7192 2 #7193
Thermal Sensitivity7} WYElU= Axloll 24 s}
4) & 489 F7

Fa W4 FHTdA Fa bEES SUHATIE BAS G FE Abold] 2RakE
o] %t}  Thermal Sensitivity7} =& AxdF 9

=]
5
Ao nE olgd TEL AAs e F8¥ ¢ Ak i g 2z

i

C])ﬂ]—E:] = ]_

h [e)

Aeff AHNezRE BHY B2 4S5 AAIH. o] W2 H B2 2HY] 295 ¥
wot7] flall ofels] Ft A= ] AR AAd A 88 gk

9.9 #3 (Conclusion)

M2 AR AZA Y AFES2] AAE AEAE 0 Thermal Sensitivity A &
&7 e AAY 2@ Bt HA3 Sy g8 FgEEo] ag Hojok 3},

—

e Retaining Ring & ¥ ¢ Endwinding Blocking e Coil Slot 7F=

o AAg HAA| AL o =] A o AAe o

e Wedge %9 o HAE o AR AAA A}
7)ok e o s M FoE 7]&o]H Aol Al Thermal Sens1t1v1ty7]-

o dxom Mgd RE W] AdE gAHcl Fu £4 L UF SAE 2

m

e Thermal Sensitivity 9 &S FHA3}sl7] ¢ M2 FA7] Ao AA 1 B

o HE AgE0 WAV ARE AAAE7] Ao Thermal Sensitivity T4 7Hs A
S Hastetr] 9ls AHEE AAE, Blocking B Wb WAe] AAS HES|oF g
o g3 StuES A9 of skt

- WF R AR ABA

- g9 AAE HAEY Blocking System= MEFA MNZE
- TA4 W4 A2 A A2E 2 Jfz9 Blockingo 2 A @A

- &AA 9 AAZS Body-mounted Retaining Ringd M2 =4 WdzZdwaoz z
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10. Blade &%) 233 (Blade Distribution Program)

10.1 Balde A% =239 EAKJEHE (Principles of Blade Distribution
Program)

Blade® W& W 7bd $83 22 24719 Blade 7 A& #7438k Disc 45

Aol BladeE # A3 wjd3dte] 71533k UnbalanceES A= Zole Aot vy

© 2 Blade F&aZol7l #& A

N
o
N
™ o

)
a.
o
Lo,
bol'

Zdol7F 200 mm, =% 800 grel A
detes FHsa ok, FAY FA oy Moment 342

&AM A FA438HH Hy Blade® Mg AFE ZRIa o EFof grh o
AFE ZEae %7 999 Blade WA EA Al Fetar ohg e 5A4E 7
ety o8 BE< BladesES A3 9 i},

« oj® A3 A o] Y& Unbalanced< HAA717] A& 3lo]th,

* Unbalance®@©] Toleranceo| |2 2% 3lS wiol Blade ¥i=] ¢ W3}7} Balance®
FEfol A Tolerances HoluA] =t EXAEE dst7] gk Aoty 7+
A 52 F71% BladeE9 #5& WAyl flaiAth)

10.1.1 &#& BY TFf#ES E (Calculations of Residual Unbalance)
1% oz RE 947t 00l 2 Bladed EWE ME 7143t o 7]

A M Blade 719 Blade®] F#Al54d AAgle] et o EHE g Me EWlE
s AR dHelHEA g FEEh

9l
2T X AR = My

HEF

(-

Datum Direction «

X
18 3-75 Blade Moment Vector
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START OF

SWAPPING CALCULATION

4

,_.\\
Al A

1z,
~ -

| + (ipass=3)

-

<

LR

ZHEY "5 %, amw

(ubnet) (dfun

/

(dfun)

+;gﬂhﬂzif?ﬂmﬂﬂ

Tolerance? 7

2453 3 % < Tolerance
(ubnet)

»
»

PSEUDO -
SWAPPING

A
Y
o8
oft
&
g
A\
5

8 74'11-'5"9 YF2 AR EHYF
(dmb) (ubnet)

SWAPPING | +91 swappinge] ©| %13

ipass-3

output

*Blade #1X] T2
Source File}t=

axm“ﬂzaiﬂﬂwﬁﬂ
(dfun) (dist)

swapZ 3¢}

Tol9) ¥l ipass=2

+
Zf-83 3 %< Tolerance
(ubnet)

719 3-76 Blade ¥l Logic Diagram
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Byl Y 4% = My

N7§¢] Bladeol W&k & X 31 Y A&

N
]WX:ZI: M. Sin ©,

=

# % 2% Unbalance®, M= + Mp?
Unbalance®] %W3&, 6= tan ! (Mx/My)
& #5F Unbalance® M- %7] Blade w3/Hlol disiAl AAE 3l Pairs of
Blade7} 4% wjA] 1% o2 Unbalance®] =717} A®vhd ool o ot}
dE £, 2719 Blade?t Zt2F Mi, 61 % Mj, 6j°] 7] 2 4
o] 7 Blade® #Z s A wgtom <late] RUE AEe] WstE Aiba] At
(M; sino ,;+ M;sino,) (M, sin ©,+ M;sin ©)

5M; = WA S e WA A e

= (M_M)(Slnej_ Sin@i)

§M, = (M,— M)(cos6,— cos6))

NEg A% A7 musge

M, =\ (M +6M)*+ (M,+65M,)*
o= tan " [(M A+ M)/ (M, +5M,)]
# Blade7te] A5 9% w3 RHlE gho] %7 X Wt} Zoloput o] Fo] Xt}
10.1.2 /49 %8 (Calculations of Distribution)
X34 DE v o] Aodrt
N
D= ;(M—Mﬂ)z-ﬂ% —M)?

o= 94 Bladeito] EHE Aol & Hulz domXA WusiA Hdistsa

i

©

& Blade¢} 7} ¥ BladeS vz wjxro=xn AHd 5 Utk Blades o=
T weo gus uyFel dojA Blade?t A2 dH3 de 49 Blade’t

AR "ol A& 455 wYsiA A4 2art A

« Blade i¢} j7} A=wg @ o (9 j= AN AA &)

6D = [n&F FEF] - [wgd Zxd=r]]

)

/\O].

fol i l

B
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6D = [(M—M; )*+(M; —M)*+(M—M; )*+(H, —M)*]
—[(M— M, )*+(M; — M)*+(M— M; )*+ (M, — M)*]
= oM~ MM, + M, ~M, ~M,)
« Blade 19} i-1¢] 4% wgd o (9 i-15 A= AH)
5D = LQM, Y+ (M, = MY+ (M~ )]
—[(M; =M, )*+ (M, )*+ (M —M)°]
— MM, )M, ~M,)
%5+ Unbalance®©] Toleranceol ]2 4% o] A H Blade &gk Ax7F Al

§D9] ko] Positiveolal M= F+HF Unbalace #te] ¢ &3] Tolerance®] v o]
ok A S aslo] sz}

oo
W av)

)
[

10.1.3 4ol &3 Tolerance (Tolerance for Distribution)

Folxl of2] Bladesol WalA 7Hd £ 329k 7P U EX7F ojdA

QA st o] Wil 2he] 9o MARE, Z P L LTS} W 2T
o Blade W% @ElE 24D o5 g Aol UM Tolerance® el 42
Aqete Aol

Good Arrangement : Heaviest, Lightest, 2nd Heaviest, 2nd Lightest ---
Bad Arrangement : FAl¢o 2 wd
D = Dpaa + F(Dgood = Draa)

F : Fractional Tolerance

D : Acceptable Distribution

# 30| Aqtol gk o]f= Disc Rimel #d& F-3at& wAlst7] $13tolth

10.2 Blade® Moment {llZ (Measurements of Blade Moment)

10.2.1 GEC Blade Moment |5 s
(Blade Moment Measuring Method in GEC)

(1) GEC Moment &4 % H]
gl Iy 22 DeviceE ©]8314] Bladeo A W, W, & A3t
Blade Moment &2 th¥3ste] 2+ Blade?] MomentE 3k},
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Moment = Wy, x (R - Q) + W, (R - Q + C)
W. © Support Aol A2l A
Wy, © Support Bell A ¢ A
R : Z¥ F44dlA Blade Platform7t#12] A2 (1143 mm)
Q : Support 'A’el A Blade Platform7}A 2] A#
C @ Support 'A’¢} ‘B’ Alele] Ag
- GEC Moment 7 74H] AL

O A2 1 grhA el 5 dofof stal A== +0.5 grojujo]ofof it

R - Blade &2 0|

Al‘—= c

Support “A”

i7 = Support "B”

a9 3-78 GEC RHE

)\

g A=
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@ Blade Support(e)¢] Eo]+ Blade |7} &3
® End Step(f)S Blade Root® Last Serration
sk,

=

(2) GEC Moment &3 %u]q 93

- GECAFel fA=EEd4A AJEH FHF
Moment+ 61.5 kg, 88000 kg-mo]t}.

- HE Blade FAEXE

‘A'e} 'B’9] #HF 1 Blade FAIFA7

W, 7} 44%

o JEs zAs ok Hr}.
o199 $AoE ol

o] &
s

@ Side Step(g)S Beam®| Center LineS uwz}A Blade’} 91X8 & U=

FASA
@ Blade®]

24 Zol7t Q7] wWike] FelE sokgic)

o = LP "A’ LP 'B’
C 609.6 mm 717.55 mm
Q 28.87 mm 111.125 mm
R 1143.0 mm 1143.0 mm
Blade & #o°] 1143.0 mm 1143.0 mm
Blade FA%A4 1383 mm 1441 mm

- Age Z4 AUmd wed wF
SERBERE 2

=
=

ity

AdHA Gt A}

W,= 56%°ltk. 18iv A el
Z+7y 1383 mm, 1441 mm

Moment#o] A P2 =4 % &9

7B W, &4 QA W, &4 QA
o 25 Moment® | Bal.Holel Al | Moment® | Bal.Hole®l A
(kg-m) o] Wt.(gr) (kg-m) o] Wt.(gr)
1000 gr .=} 1.1141 1650 1.7237 2552
100 gr 2=} 0.1114 165 0.1723 255.2
10 gr &=} 0.0111 16 0.0172 25.52
1 gr 23 0.0011 1.6 0.0017 2.552
1] EelA BHe vpet 2ol W, S8 Bues W, 5497 4

£ UnbalanceE A

&otal, 1 kg9

0~2500 gre| UnabalanceZ ©}7] gttt

- Z+7+e] Blade FAI(Wt)= F 719

AzolX 4

=4 9 2}+= Balancing Holeol 4 160

wek Wl #u
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JafoFstae, dAstA] &F& dF 54 Devicedl =S st

Q] %
Qekaisl A=A ok .

- GEC Blade 7154 Device® 574
@ Blade Root?] & ¥$1¢} Support Round HEZEH( W, ZH9A])<]
Round’} M2 4] ¢om Blade’t Device 9o 43stAl AFzE A
gfol @ F7F A gt
@ WA, BladeE AEsHAl HEAI717] 913 BladeE ZHo] WEo=z
wAooksty, o= 'V(Gap)E WHsA7IZ2 'R 2 'Q'Y A
27 A€ S 9u]sti=t] Blade Moment &34 'R" 4 'Q'&=
agFelnE 9 FIF WA
10.2.2 Blade Moment HIE#f#ol < 3 FHik
(Blade Moment Measuring Method by Measuring Equipment)

(1) GEC Moment 373 %H]
4235k Blade Moment 5485 ¢lste] a5l Bista 9l
£ ol &3t FAsAt
- Moment =474 #1234} @ 59 CARL SCHENCK

rr
ol
=

- Moment 74744 A

Ho SA5FA 100 kg

Hd 74 Moment : 200 kg-m
Jig Interface7}A1 2] A7 : 400 mm
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f
=

a9 3-79 CARL SCHENCK Moment =77

(2) Blade Moment HIEA] H&EHHE
- Blade #A= 1 grhA 3488 & A= AEASS T8t SAst ok
Fias s
- Sample Blade?] F7 615 kg, TN SZHE Blade 74 T47MA19 A
7 0892 mE °o]&3te] EWEE AAtetd 54.858 kg-molut AFie
26.285 kge-m= YEIY x5 71HE7] ¢35 Sample PlateE A 2s}ho]
A Adw mpRIA R o xrF A ste] gy T Abet deojd A
S 2 ZTAH] AATH

@ Load Cell9] Force Transducing Rod”’} “33} Nutel 23] Tightening
o} glojorst} E8 A+=dl, ©] Connecting Rode HAE3 A
i Tightening® ¢l Moment X A|%°lA Moment7} 0+50 Unit ] =
FA|HofoF gt}

@ Load Celle] E4o] 15 kg-mo] Aol A+ Inputel t3 Outputel ¥
Aol §l&. o= Load Celle] 12 kg-m7Z7HA| &= Hl#EAdo] 1 1 o]
M= 227t FASEE Counter WeightS F-2slal =A & oF gk},

= Jigel dist A ZAF FHALE

@O Moment ZA48e] A Jige] % W3 FAM, 183 Blade®]
Aol W3F FAlHdo]l dA s ojof g},

@ Jig End Face¢} Blade Root End A}o]9] 7FA-2 3 m ©|8t2 ZA 3
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oF gt}

@ Jigdl BladeE A3 | Blade 3}4-7} Jig Plated]l &% A gkofof
gk},

@ Blade 1% Bar (or Pivot)& H He APFowm 4 4 FHPL7}

grolol g},
(3) Blade Moment Hl&E A&
D Zero Setting
Jig7b A9 Aol 0 kg-m7F ERIE AA o] YERG =S Tare
Weight ¥ Counter WeightES Z743Ht}.(-0.0002 kge-m=E =3 H).
@ Counter Weight 43
18 15719 HES Bladed Ao FA= 61.05 kgol™ o= =l
E SAH A& 54858 kg-melth. ©] g2 Load Celle] 54 & v A(12 kg mE
Z3}38}7] W& Counter WeightE 2oloF $ttl.  Counter Weight®] 42 Pivotol A
Counter Weight Pan7}A 9] A&7} 5me] 7] wW&e] 9 kgo] £5<& Eol 45 kg-me] &
BEHEV} AEH S Foh o)9 22 AElelA] Load Celldl AN s ghe X 2 A
9.858 kg-mo|t}. ©] 9.858 kg-me] EHWE X+ Load Cell?] SHHEYUNZ AlZAo]
= Aoz udE. HA =2 oo 9.858 kg-meF 45 kg-m7t AE3HAEE o] 54.858
kg-mo] 7] =€t}
@ Moment &7
I o] 2719 1A Bar Akeldl| Blade Root7h SHEEEE Sho] A

=4 g

=
td
=,
[m
il
e

T BAR
HOMENT MEASURING EQUIPHENT = ce
A ||t é ¢ BLADE

GOUNTER
PAN

568 nen X I
-

f ]
¥
4
4
¥
4
Y

1% 3-80 Blade BEHWIE =41 /=Fe
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@ Blade FAIZ4
el a"olA et 2ol Pivot T4l H A Blade Platform7b<1¢] A&7}t
400+30.2+X (Blade®ll we} thE)olm Xzh& itate] 174 melth. 1822 Pivot T4
o A Blade Platform7}# 9] A2+ 604.2 mm7} ¥}
a8 24 BladeZd 2F t]lazio] A = F4 oA Blade Platform7HA ¢l 7#
217} 1143 mme] =& Schenck ZH]A = Ex AA Age] wEE galy ol
of @t} Schenck ZWEOAN A ZWER 317 9eiHE Bladed FATAL
Zrolll= Zlo] F 83 Pivot T4 ZE9 FAA i Schenck “gH]ol| Al 3t
Blade®] FATAS AA 2HAANE 2 FATAS 7] Wit Schenck RHWEE
Blade FAZ W4 Pivot s4olA Blade FASA7IAS Ag7F Axtsar o 7] 4
Pivot F4lell A Blade Platform7t# 9] Agl& Ztst¥ Platformol A A5 A7+ €] A
27} AlxtEth Blade FAIS5AH 2 1 gr @9 7HA] FA 5 o of 3o},
® X'# 34
Qo] oA Xzt(Jig End Surfaceol A Blade Platform7F# 2] A#)<
Hojyoj gy a2 S}
® AA EWE AL
EHE SAHAY vAFE X, Yol X# G)FelAM AA A5k
Toka whEbA Ygkol Frefdiv. Al ZEel glelA Blade Platform”}xl«l Ae=
45"(1143 mm) = a4 A7) wiZel o] Fholl Yk dstd AA mE ol & FAAdolA
FASAA S Ae7F ¥ Al Blade FAI9F wetREA Al RUEGS SAEH.

.k
g =

t

et

Al Z‘]jl]. 7

i)

10.4 Blade A%l =219 {FH H
(User’s Guide of Blade Distribution Program)

o] TR :WLE Quickbasice. 2 FAHomz y]E Aol AFEH-S Quickbasic

APAME Faw o
(1) Blade Weight File Name 438 :

Blade Weight Files ®HE2 ZA319S H5od= "Give name of weight
file?”o] s}Ho] YEL}HE File Names U#Hen 284 &S Afde 299 &
ol 2+ Blade Weight 98-l mg] gttt o] Ao+

(2) Blade 8l€ =20 AEEE 49 :

"Do you want to sort blades to get balance in tolerance? or to calculate
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lengths of existing arrangement?’”} 3}Ho] YEeludA, F4 X oz WA s)o]
Blade 91X & tA] & A= "Y'E dEHst dAe JHEAFE 2] Unbalance S EHE

Fehud # Aol N'E A e,

Al Zzadels By FAAE 6 keo2 Hol floerng v AUI Arts
staak & Aol "wub="el 1 e vl dHeE £k

GEC7} 7122 sta & IFFEHE Momentd SHAXE #HF T Blade®
ACGNA 10 grelste] EHFFo=A AFEHE o AA otz H{FEM
Moment #te] W& uw7}4] Bladed] Q€S ulio] 7FAA Axlsls Aot o
= 24 Wt Balancing Hole(Screw Type Wt FHEst= 3)olAdE ok 200 gry
Unbalance® el 3l & ¥t}

T Blade® #1A3}al 4l Blade® wAste] wjxstiixtd wi=, - Bladedl thgh
Moment Unbalanced Zl4teted 1 91x]el Moment Unbalance@ s Abdeo] Q)= atar
T2 39S Run AlACF A AT 2 Unbalance A ES FA& 4 9t}

1o,
"
X,
ot ofX

(3) Blade ¥l¢g Z 219 AAYY 4= :
"Do you want to balance on weight? or balance on moment?”7} 3}#o] e}
U, Blade WeightttS 31818l o] Blades w3} UnbalanceEs AlAFstaizl 3 25
o= "Y"E 1= 3la Blade MomentE 3123l BladeE W€ 3tal Unbalance® -3}
a2} g A goE NS ™k
zkzte] Bladeol] tigh A5 (Weight®))E d9staza & we =zl 2783
INIT.STN, IDENTIFIER, WT(KG), JIGM(MM), MOMENT(KG-M) < A3 ¢
] Zpzbe] et wAdskA = sfoF g
(4) Blade drawing no. ¥ 38 :
"Blade drawing no.””7} &We] YEYH 7 Blade Drawing no.
ojZlo] =wm sl AR ARG EE Zlo] ofHER=E whzo] Y efofst= AL oy
th @A 229 JYrtdte] THER #AEARREA V] FH

it
jins
J
ol
ol
2

(5) Blade & 99 :
"NO. of BLADE" ©] stWo] vetd Blade 35 4¥stH, oA Tz
Aol 50070 7FA] JEE = AEF Ho] dovm= 5007 ZIAel = Error7l A sk
50078 Z#Ael= 2] Ao gl ibld(B00)s ¥shs ¢ o] o= LA ofstal

istn, ifree, wm, sm, tm, sn, cs, theta, cjf, cg, wt 5% Lo} It}
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(6) EJ¥19 H(Stage) 49
"Identification of input tbn stage?’”7} sl YeElUAE Ao A4bstaAlsh=
Blade7} AX¥ Wl w(Stage)e 4 erh o] A Z2 o]l A AEH =

Aol ofUms B5HQ) Alo] ofm Qeagel LAEw ol FuAnE 7S

U&= Hof glony, Zead)
=2 = A s v zdEe d4
Hojop gt slAY e R ZHUET HGd+= ZEIWAGY LPRINTE PRINTZ HbH
oF gt

9 2 52 TAEE g9 2L TAHL T 5
20

dowE xdY
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Blade 8l€ =219

DEFDBL A-H, O-Z

DEFINT I-N

DIM istn(500), ibld(500), ifree(1000), wm(500), sm(500)

DIM tm(500), sn(500), cs(500), theta(500), cjf(500), cg(500)

DIM wt(500), ifirst(500), bname(500) AS STRING = 12

DIM mline AS STRING, wfile AS STRING, title AS STRING, btitle AS STRING
DIM undrln AS STRING, dwgno AS STRING, verd AS STRING, lline AS STRING
DIM bignam AS STRING * 16, smlnam AS STRING * 16, namel AS STRING * 16
DIM c1 AS STRING =* 1, optp AS STRING * 1, optw AS STRING * 1

DIM worm AS STRING = 1

"istn(i) CURRENT STATION CONTAINING BLADE i (-ve if stn. is fixed)
'ibld(i) NUMBER OF BLADE CURRENTLY IN STATION i

"ifree(i) STATION NUMBER OF iTH FREE STATION

verd = "94.07.02"

undrln = "~ "
degrad = ATN(1#) / 45#
raddeg = 1# / degrad

'GIVE NAME OF WEIGHT FILE AMD CHOOSE OPTION
PRINT "Give name of weight file?”
INPUT ”  File name; ", wfile
IF wifile <> " " THEN
PRINT "Do you want to sort blades to get balance in tolerance?”
PRINT ” or to calculate lengths of existing arrangement?”
INPUT "Y or N;”, ans$
IF UCASE$(ans$) = "Y” THEN
optw = "Y”
PRINT "Do you want to balance on weight?”
PRINT " or balance on moment?”
INPUT "Y or N;”, r$
IF UCASE$(r$) = "Y” THEN
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worm = "W"
ELSE
worm = "M"
END IF
ELSE
optw = "N”
worm = "M"
END IF
ELSE
wfile = "x"
optw = "N”
worm = "M”
END IF
IF (optw = "N”) THEN
iswap = 0
ELSE
iswap = 1
END IF
'INITIALIZE EVERY IDENTIFIER TO BLANK & INITIAL STATION TO 0
INPUT "Blade drawing no. ", dwgno
FOR i = 1 TO 500
istn(i) = 0
ibld(i) = 0
ifree(i) = 0
bname(i) =
NEXT i
totom = O#
smibld = 59.6#
bighld = 62.811#
'INPUT NUMBER OF BLADE
INPUT ” NO. of BLADE;", nblade
IF nblade < 1 OR nblade > 500 THEN
PRINT " Error- ”; nbp; ” is an illegal number of blade”
END IF

non
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'INPUT BALANCE DATA

INPUT "Identification of input tbn stage? ”; btitle

LPRINT ""KIM KAY YOUN’ Moment Balancing Program-Version ”; verd
LPRINT

LPRINT btitle

LPRINT undrin

LPRINT
LPRINT "Weight/Moment file 2" wiile
LPRINT ; "Blade Drawing No. :"; dwgno

wub = 6!:  'MAX. ACCEPTABLE UNBALANCE WT. AT BLADE C.G.
distol = .5 minmax = .01: minset = wub - minmax: maxset = wub + minmax
LPRINT "Max. acceptable unbalanced wt at blade C.G.:"; wub * 1000; " Gr "
LPRINT "Distribution tolerance ratio :"; distol; " No of blade ;”; nblade
LPRINT "Lower wt limit :”; smilbld; "KG”; " Upper wt limit :”; bigbld; "KG”
LPRINT

'IF NOT DOING A MOMENT OR WEIGHT BALANCE CHANGE wub TO
SOMETHING VERY
'BIG & DISTOL TO 0

IF (optw = "N”) THEN

wub = 1000000#

distol = O#

END IF

IF (distol > 1#) THEN

LPRINT "Error-illegal distribution tolerance ”; distol; "cannot exceed 1”
END IF

'kerr = 0 AS LONG AS DATA IS OK. GETS SET TO 1 IF AN ERROR IS

FOUND
'nl = NO. OF MOVABLE BLADES
'nf = NO. OF FIXED-POSITION BLADES
'nt = TOTAL NO. OF BLADES

"kount COUNTS NUMBER OF LINES PRINTED ON CURRENT PAGE

kount = 10
bigwt = —-1D+70
smlwt = -bigwt
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IF (bighld < .0000000001#) THEN bigbld = 1000#
FOR i = 1 TO nblade

bname(i)
NEXT i

'READ ONE BLADE EACH TIME ROUND THIS LOOP
IF (wfile <> "x") THEN

ifirl = 0
ifirs = 0
FOR 1 = 1 TO nblade

'PUT OUT PAGE HEADING BEFORE FIRST BLADE OR START NEW PAGE &
PUT OUT
'"PAGE HEADING ON IT

kcount:

IF G <> 1) THEN

IF (kount <> 50) GOTO kcount

LPRINT CHR$(12)

END IF

LPRINT "INIT.STN IDENTIFIER WT(KG) JIGM(MM) MOMENT(KG-M)"
IF (i <> 1) THEN kount = 0

kount = kount + 1

'READ IDENTIFIER

figure

figure:

READ namel

IF (LEFT$(namel, 1) <> "-") THEN namel = " " + namel

nn = LEN(namel)

FOR i = 2 TO nn

IF (MID$(namel, i, 1) < "0” OR MID$(namel, ii, 1) > "9”") THEN GOTO

NEXT ii
i = 131 "THE END OF CHARACTER

IF (ii = 2) THEN

jstn = 1
ELSE

jstn = VAL(LEFT$(nhamel, i - 1))
END IF
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'IF IDENTIFIER STARTS WITH - THE BLADE IS FIXED
'TF NOT, PUT A SPACE IN FRONT SO MINUS SIGN STANDS OUT IN O/P
IF (LEFT$(namel, 1) <> "-" AND jstn < 0) THEN

namel = "-" + namel

END IF

IF (LEFT$(namel, 1) <> "-” AND LEFT$(namel, 1) <> " ") THEN
namel = " " + namel

END IF

bname(i) = namel
IF (LEFT$(bname(i), 1) = "-") THEN
istn(i) = ~ABS(jstn)
ELSE
istn(i) = jstn
END IF
=i
kstn = istn(i)
'CHECK THAT THIS STATION HASN'T BEEN FILLED ALREADY
FOR ii = 1 TO nblade
IF (ii <> i AND ABS(stn(i)) = ABS(jstn)) THEN
LPRINT ” ERROR-MORE THAN 1 BLADE IN STATION "“; jstn; "IN
WEIGHT FILE"
END IF
NEXT i

'READ TOTAL WEIGHT(wt) & MOMENT(sm)OF EACH BLADE & TOTAL
WEIGHT
'swt) & MOMENT (ssm)OF ROW

READ wt(j), sm(@j), cjf(Gj)
swt = swt + wt(jj)
ssm = ssm + sm(jj)

sif = sjf + ¢jf(jj)

'SET INITIAL POSITION
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IF (wt(jj) > bigwt) THEN

bigwt = wt(jj)

ibig = jj

bignam = bname(jj)
END IF
IF (wt(jj) < smlwt) THEN

smlwt = wt(jj)

isml = jj

smlnam = bname(jj)
END IF
cl=""

IF (wt(jj) > bigbld) THEN cl = "H”
IF (wt(jj;) < smlbld) THEN ¢l = "L”
LPRINT USING "##"; kstn; : LPRINT SPC(8);
LPRINT USING "&"; namel; : LPRINT SPC(1);
LPRINT USING "####"; wt(jj); : LPRINT SPC(4);
LPRINT USING "##.#4"; cjf(jj); : LPRINT SPC(6);
LPRINT USING "####"; sm(jj); : LPRINT SPC(1);
LPRINT USING "!"; cl
NEXT i

END IF

"END OF DATA INPUT LOOP

IF (bighld < 9.99D+20) THEN
LPRINT ” L=blade wt. below lower limit ”
LPRINT ” H=blade wt. above upper limit ”

END IF

LPRINT CHR$(12)

'SET UP REFERENCES TO FREE STATIONS

nfree = 0

avwt = swt / nblade

hml = bigwt - smlwt

avif = sjf / nblade

FOR 1 = 1 TO nblade

IF (istn(i) = 0) THEN nberr = 1

IF (istnG) > 0) THEN
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nfree = nfree + 1
ifree(nfree) = istn(i)
END IF
NEXT 1

"MOMENT(SCHENCK ;sm) CONVERSION TO ACTUAL ROTOR MOMENT (tm)
'NB; swm INCLUDES UNDERSTRAPS, totmom DOES NOT
'IF DOING A MOMENT BALANCE PUT tm INTO wm ELSE PUT wt IN
'PUT SPARE COPY OF MOMENT INTO sn FOR USE IN CALCULATING
DISTRIBUTION

'LIMITS

FOR i = 1 TO nblade

fcg = sm@) / wt(d) - 4302 - avjf / 1000

cg(d) = 1.143 + fcg

tm(@) = cg@@) * wt()

totmom = totmom + tm(i)

swm = swm + tm(i)

avmom = swm / nblade

IF (worm = "M") THEN

wm(@) = tm(@)

ELSE

wm(@) = wt()
END IF
sn(i) = wm(i)
NEXT i1

'"RESULTANT LEVER ARM(TOTAL MOMENT/TOTAL MASS)
wl = swt
IF (ABS(wl) < .000001#) THEN
swm = 04
ELSE
swm = swm / wl
END IF
'"BALANCE TOLERANCE SQUARED
IF (worm = "M”) THEN
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tol = (wub * swm) ~ 2 + .0000000001#
ELSE
tol = wub ~ 2 + .000000001#
END IF
'"PRODUCE A LIST OF BLADES IN ASCENDING WEIGHT ORDER(FOR BAD
'"DISTRIBUTION FUNCTION diss)
FOR i1 = 2 TO nblade
FOR j = 2 TO nblade
IF (sn(j) > sn(j - 1)) THEN GOTO ascend
SWAP sn(j), snG - 1
ascend:
NEXT j
NEXT 1
'PRODUCE A LIST OF BLADES IN ORDER: LIGHTEST, HEAVIEST, 2ND
LIGHTEST,
'2ND HEAVIEST..ETC. (FOR GOOD DISTRIBUTION FUNCTION disb)
j = nblade / 2
k=-1
'"FIRST SORT THEM IN PAIRS
'"PUT SORTED ARRAY IN CS
FOR i =1 TO j
k=k+2
cs(k) = sn(i)
cs(k + 1) = sn(nblade - i + 1)
NEXT 1
'IF nblade IS ODD, PUT THE REMAINING 1 ON THE END OF THE LIST
IF (j + j <> nblade) THEN cs(nblade) = sn(j + 1)
"WORK OUT DISTRIBUTION FUNCTIONS
'disb=BEST POSSIBLE
'diss=WORST POSSIBLE
'dist=SMALLEST VALUE WHICH WILL BE IN TOLERANCE
diss = (sn(nblade) - sn(1)) ~ 2
disb = (cs(nblade) - cs(1)) ~ 2
FOR i1 = 2 TO nblade
diss = (sn(i) - snG - 1)) ~ 2 + diss
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disb = (cs(i) - esi - 1)) ~ 2 + disb
NEXT 1
diss = 5# * diss
disb = .5# = dish
dist = diss + distol * (disb - diss) - .000001#
"WORK OUT ANGULAR POSITION OF EACH STATION ASSUMING EQUAL
SPACING
'STATION nblade+1 IS SAME AS STATION 1(SO 1ST & LAST DON'T
'"HAVE TO BE TREATED AS SPECIAL CASES)
'CALCULATE SINE & COSINE OF EACH
theta(l) = O#
theta(2) = 360 / nblade
FOR i = 3 TO nblade
theta) = (i — 1) * theta(2)
NEXT 1
FOR i = 1 TO nblade
sn(i) = SIN(degrad * theta(i))
cs(i) = COS(degrad * theta(i))
NEXT 1
"WORK OUT WHICHBLADE IS IN EACH STATION
FOR i = 1 TO nblade
FOR jj = 1 TO nblade
IF (ABS(stn(jj)) = i) THEN ibld(i) = jj
NEXT jj
NEXT 1
'FIX FIRST BLADE IF NONE ARE FIXED
IF (nfree = nblade) THEN
istn(ibld(1)) = -istn(ibld(1))
nfree = nfree - 1
FOR i = 1 TO nfree
ifree(i) = ifreeG + 1)
NEXT i1
END IF
'DUPLICATE FREE STATION NUMBERS A SECOND TIME ROUND
FOR i = 1 TO nfree
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ifree(i + nfree) = ifree(i)
NEXT 1

'START OF SWAPPING CALCULATION

"WORK OUT NET UNBALANCE(UBNET), DISTRIBUTION(DFUN)

'FIRST PASS(ipass=1) - GET PACKET LENGTH INTO TOLERANCE

'SECOND PASS(ipass=2) - GET BALANCE INTO TOLERANCE BUT DON'T

LET

4

PACKET LENGTH GET OUT

"THIRD PASS (ipass=3) - GET DISTRIBUTION INTO TOLERANCE BUT

DON'T
' LET PACKET LENGTHS & BALANCE GET OUT
ipass = 1
=1
xmu = O#
ymu = O0#

"WORK OUT CURRENT BALANCE & DISTRIBUTION

result:

Xm = Xmu
ym = ymu
dfun = O#

FOR isl = 1 TO nblade

ib = ibld(isl)

1s2 =1isl + 1

IF (is2 > nblade) THEN is2 = 1

ibl = ibld(is2)

xm = xm + wm(ib) * sn(isl)

ym = ym + wm(b) * cs(isl)

dfun = dfun + 5% * (wm(ibl) - wml(ib)) ~ 2
NEXT isl

tbnet = xm ~ 2 + ym " 2

IF (ABS(xm) < .0000000001# AND ABS(ym) < .0000000001#) THEN

ang = O#
ELSEIF (xm > 0# AND ym = 0#) THEN
ang = 90#

ELSEIF (xm < 0# AND ym

0#) THEN
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ang = 270#
ELSEIF (xm > 0# AND ym > 0#) THEN
ang = ATN(xm / ym) * raddeg
ELSEIF (xm < 0# AND ym > 0#) THEN
ang = ATN(xm / ym) * raddeg + 360#
ELSE
IF (ym < 0#) THEN
ang = ATN(xm / ym) * raddeg + 180#
END IF
END IF

'IF THE TOLERANCE FOR THIS PASS IS SATISFIED GO TO NEXT PASS
"(OR EXIT AFTER 3RD PASS)

IF (ipass = 1) THEN
IF (ubnet > minset ~ 2 AND ubnet < maxset ~ 2) THEN
ipass = 2
GOTO result
END IF

ELSEIF (ipass = 2) THEN
IF (ang > 239 AND ang < 241) THEN
ipass = 3
GOTO result
END IF
ELSE
IF (dfun >= dist) GOTO resultout
END IF
'OUTER LOOP - COMPARE EACH BLADE WITH THE ONE L (L) STATIONS
IN FRONT
OUTER:
FOR 1 = 11 TO nfree / 2
‘GO ROUND THE WHOLE BLADE ROW
'TF WE DON'T DO A SWAP, THEN INCREMENT L AND TRY AGAIN
'IF WE DO SET L BACK TO 1 AND START AGAIN, UNLESS IT'S ALREADY
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1, WHEN

"WE CONTINUE

FOR k =1 TO nfree
isl = ifree(k)
js = ifree(k + 1)
ib = ibld(isl)
jb = ibld(s)
dw = wm(ib) - wm(jb)
dx = xm + dw * (sn(js) - sn(isl))
dy = ym + dw * (cs(js) — cs(isl))
IF (ABS(js - isl) = 1) THEN

IF (js > isl) THEN
jsm2 = js - 2
IF (jsm2 < 1) THEN jsm2 = jsm2 + nblade
jsp = s +1
IF (jsp > nblade) THEN jsp = 1
dd = -dw * (wm(bld(jsp)) - wm(ibld(jsm2)))
ELSE
ism2 = isl - 2
IF (ism2 < 1) THEN ism2 = ism2 + nblade
isp =1isl + 1
IF (isp > nblade) THEN isp = 1
dd = dw * (wm(ibld(isp)) - wm(ibld(ism2)))
END IF
ELSE
ism =isl - 1
IF (ism = 0) THEN ism = nblade
isp =1isl +1
IF (isp > nblade) THEN isp = 1
jsm = js - 1
IF (jsm = 0) THEN jsm = nblade
jsp = s + 1
IF (jsp > nblade) THEN jsp = 1
dd = dw * (wm(bld(isp)) + wm(bldism)) - wm(bld(jsp)) - wm(bld(jsm))) -
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.000001#
END IF
dmb = dx * dx + dy * dy
'SEE WHETHER WE WANT TO SWAP
'PASS 1 - DON'T SWAP IT PITCH ERROR WOULD GET BIGGER
IF (ipass = 1) THEN
IF (dmb < minset OR dmb > maxset) THEN GOTO inner

'PASS 2 - DON'T SWAP IF UNBALANCE GETS BIGGER OR BOTH
PAKCKETS GO OUT
'OF TOLERANCE AND EITHER THEY WERE IN BEFORE OR PITCH ERROR
"WOULD INCREASE
ELSEIF (ipass = 2) THEN
IF (ang < 239 OR ang > 241) THEN GOTO inner
'"PASS 3 - DONT'T SWAP IF DISTRIBUTION FUNCTION GETS SMALLER OR
"UNBALANCE GOES OUT OF TOLERANCE OR BOTH PACKETS GO OUT OF
"TOLERANCE AND EITHER THEY WERE IN BEFORE OR PITCH ERROR
"WOULD INCREASE
ELSE
IF (dd <= 0# OR dmb > tol) THEN GOTO inner
END IF

'DO SWAP
dfun = dfun + dd
ubnet = dmb
xm = dx
ym = dy
SWAP istn(ib), istn(jb)
SWAP ibld(isl), ibld(s)

'SEE  WHETHER SWAP HAS BROUGHT CURRENT PASS WITHIN
TOLERANCE

IF (ipass = 1) THEN
IF (ubnet > minset ~ 2 AND ubnet < maxset) THEN
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ipass = 2
GOTO result
END IF

ELSEIF (ipass = 2) THEN
IF (ang > 239 AND ang < 241) THEN
ipass = 3
GOTO result
END IF
ELSE
IF (dfun >= dist) THEN GOTO resultout
END IF
IF (1 > 11) THEN GOTO OUTER
"END OF INNER LOOP
inner:
NEXT k
"END OF OUTER LOOP
NEXT 1
'IF WE ARRIVE HERE SOMETHING MUST BE OUT OF TOLERANCE
‘GO ON TO NEXT PASS
IF (ipass < 3) THEN
ipass = 1pass + 1
GOTO result
END IF

'OUTPUT RESULTS
'40 BLADES ON EACH PAGE EXCEPT 1ST
resultout:
IF (wfile <> "X") THEN
kount = 10
ELSE
kount = 0
END IF
nbeff = nblade + kount
npag = INT((nbeff + 39) / 40)



A3 EFY — 1623

ipag = 1
kstart = 1
tol = SQR(tol)
ubnet = SQR(ubnet)
IF (worm = "M”) THEN
IF (ABS(swm) < .000001#) THEN

tow = O#
ELSE
tow = ubnet / swm
END IF
ELSE
tow = ubnet
END IF
IF (ABS(dish - diss) < .000001#) THEN
drat = 1#
ELSE
drat = (dfun - diss) / (disb - diss)
END IF

IF (iswap = 0) THEN

lline = "BLADES NOT SORTED FROM ORIGINAL ORDER”
ELSE

lline = "BALANCING ON"

IF (wfile <> "X") THEN
IF (worm = "W") THEN
mline = " WEIGHTS "
ELSE
mline = " MOMENTS”
END IF
END IF
END IF
'PRINT O/P
FOR 1 = 1 TO nblade
kount = kount + 1
'"PRINT HEADINGS BEFORE 1ST BLADE THEN AT START OF EACH NEW
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PAGE
'kstart FORCES HEADING BEFORE 1st BLADE. KOUNT DOESN'T ALWAYS
START
'"FROM 0 TO ALLOW FOR EXTRA THINGS PRINTED ON 1st PAGE.
IF (kount >= 40 OR kstart = 1) THEN
IF (kstart <> 1) THEN kount = 0
LPRINT 7 'KIM KAY YOUN’' Moment Balancing Program-Version ”; verd
LPRINT
LPRINT btitle; "("; wiile; ")"; SPC(30); "page”; ipag; ” of ”; npag
LPRINT undrin

LPRINT
LPRINT "Lightest blade wt. = ”; smlwt; ” KG”; ” no.”; isml; "(”; smlnam; ”)”
LPRINT "Heaviest blade wt. = ”; bigwt; ” KG”; " no.”; ibig; "(”; bignam; )"
LPRINT "Average weight = ";;LPRINT USING "####"; avwt; @ LPRINT "
KG",
LPRINT SPC(3); "Heaviest-lightest = "; : LPRINT USING "###", hml;, :
LPRINT " KG”
LPRINT "Average moment = ”; : LPRINT USING "####", avmom, : LPRINT
" KG-M";
LPRINT ” Avg jig to pfm gap = ”; avjf
kstart = 0
LPRINT "Blade Dwg. No.”;dwgno; SPC(15);"Calculated ”; DATES$; ” ”; TIMES$
IF (worm = "M") THEN
IF (optw = "N”) THEN
IF (ipag = 1) THEN
LPRINT "Final balance ”; : LPRINT USING "#t### """, ubnet; : LPRINT
"KG-M 7

LPRINT " Direction ”; : LPRINT USING "####"; ang, : LPRINT " Degree”
LPRINT "Unbalanced wt. ”; : LPRINT USING "#####"; tow * 1000;
LPRINT ” gr at ”; : LPRINT USING "####"; swm, : LPRINT ” M. radius”

END IF
ELSE
IF (ipag = 1) THEN
LPRINT "Final balance ”; : LPRINT USING "##### """, ubnet; : LPRINT

" KG-M";
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LPRINT "Direction”; : LPRINT USING "##.#"; ang; : LPRINT "Degree”
LPRINT "Unbalanced wt. ”; : LPRINT USING "###.#"; tow * 1000;
LPRINT " gr at ”; : LPRINT USING "###"; swm; : LPRINT ” M. radius”
LPRINT "Tolerance ”; wub * 1000; ” gr. at ”; : LPRINT USING "####",

SWm,
LPRINT ” M radius”
END IF
END IF
ELSE
IF (ipag = 1) THEN
LPRINT "Final balance ”; : LPRINT USING "##.### """, ubnet; : LPRINT "
KG-M";

LPRINT "Direction”; : LPRINT USING "###.##"; ang; : LPRINT " DEGREE"
LPRINT "Tolerance ”; wub * 1000; " gr”
END IF
END IF
IF (optw = "N”) THEN
IF (ipag = 1) THEN
LPRINT "Distribution Achieved ”; : LPRINT USING "####"; drat
END IF
ELSE
IF (ipag = 1) THEN
LPRINT "Distribution Achieved ”; : LPRINT USING "####"; drat;
LPRINT " Tolerance "; distol
END IF
END IF
IF (ipag = 1) THEN
IF (tow > wub) THEN
LPRINT "WARNING - FINAL BALANCE NOT IN TOLERANCE”
END IF
IF (drat < distol) THEN
LPRINT "WARNING - FINAL DISTRIBUTION NOT IN TOLERANCE"
END IF
END IF
LPRINT lline + mline
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LPRINT
LPRINT "DISC";SPC(9);"BLADE"; SPC(8); "WTTOTAL"; SPC(3); "SCHMOM";
LPRINT SPC(4); "JIGPFM”; SPC(4); "MOMENT"; SPC(7); "CG"
LPRINT "STN NO. IDENT.”; SPC(8); "(KQ)"; SPC(4); "(KG-M)";
LPRINT SPC(5); "(MM)"; SPC(4); "(KG-M)"; SPC(6); "(M)"
ipag = ipag + 1
END IF
ib = ibld(®)
cl=""

IF (istn(ib) <= 0) THEN cl = "F”

'"PRINT SWAP RESULT

LPRINT USING "##"; i; : LPRINT SPC(3); : LPRINT USING "##"; ib;
LPRINT cl; SPC(1); bname(ib); SPC(4); : LPRINT USING "#.##"; wt(ib);
LPRINT SPC(3); : LPRINT USING "#####"; sm(ib);

LPRINT SPC(3); : LPRINT USING "#####"; cjf(ib); : LPRINT SPC(3);
LPRINT USING "#.####"; tm(ib); : LPRINT SPC(3);

LPRINT USING "#####"; cg(ib)

IF kount = 39 THEN LPRINT CHR$(12)

NEXT 1

END

'BLADE WEIGHT & MOMENT DATA FOR LP2 FRONT(RHS) 1993.6

© 0 N O O b= W N =

= =
N = O

DATA 1 K1001 ,61.274,54.8504,174.51
DATA 2 K1002 ,61.120,54.7396,174.67
DATA 3 K1003 ,59.366,52.6220,173.56
DATA 4  K1004 ,60.811,54.3820,174.14
DATA 5  K1005 ,60.263,53.5118,174.30
DATA 6  K1006 ,61.317,55.0308,173.85
DATA 7  K1007 ,60.872,54.5790,173.63
DATA 8  K1008 ,61.256,54.8406,174.34
DATA 9  K1009 ,61.171,54.9554,174.24
DATA 10 K1010 ,59.357,52.5076,173.52
DATA 11 K1011 ,60.623,54.0104,173.81
DATA 12 K1012 ,60.721,54.1592,174.04



13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

5 6 R &

47

DATA 13
DATA 14
DATA 15
DATA 16
DATA 17
DATA 18
DATA 19
DATA 20
DATA 21
DATA 22
DATA 23
DATA 24
DATA 25
DATA 26
DATA 27
DATA 28
DATA 29
DATA 30
DATA 31
DATA 32
DATA 33
DATA 34
DATA 35
DATA 36
DATA 37
DATA 38
DATA 39
DATA 40
DATA 41
DATA 42
DATA 43
DATA 44
DATA 45
DATA 46
DATA 47

K1013 ,60.955,54.6050,173.89
K1014 ,60.014,53.2346,173.69
K1015 ,61.211,54.7332,173.77
K1016 ,60.557,54.1442,173.09
K1017 ,60.875,54.4464,173.63
K1018 ,61.528,54.8014,174.16
K1019 ,60.771,54.3074,174.03
K1020 ,60.165,53.6560,174.24
K1021 ,61.325,54.7196,174.02
K1022 ,60.953,54.7078,174.24
K1023 ,61.356,54.8686,173.35
K1024 ,60.399,53.5984,174.39
K1025 ,60.193,53.4414,174.74
K1026 ,61.775,55.6876,173.83
K1027 ,61.476,55.0588,174.14
K1028 ,61.238,54.8798,173.96
K1029 ,60.488,53.8126,174.13
K1030 ,61.237,54.7234,173.83
K1031 ,60.760,54.1364,174.84
K1032 ,59.299,52.6734,173.02
K1033 ,60.830,54.3126,174.47
K1034 ,61.328,54.9674,173.80
K1035 ,61.740,55.3734,173.89
K1036 ,61.096,54.6624,173.65
K1037 ,61.690,55.0654,174.42
K1038 ,61.245,54.8930,174.00
K1039 ,61.751,55.4016,174.04
K1040 ,61.383,55.0864,174.50
K1041 ,60.244,53.2910,174.54
K1042 ,60.665,53.9206,174.84
K1043 ,59.705,52.9246,174.41
K1044 61.212,54.6964,174.66
K1045 ,61.082,54.6732,173.79
K1046 ,60.376,53.8116,173.89
K1047 ,60.376,53.8630,173.56
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48 DATA 48 K1048 ,61.681,55.5014,173.93
49 DATA 49 K1049 ,60.897,54.6198,173.52
50 DATA 50 K1050 ,62.187,55.8644,174.48
51 DATA 51  K1051 ,58.996,52.0830,174.08
52 DATA 52 K1052 ,61.257,54.8038,174.18
53 DATA 53 K10563 ,60.866,54.5744,173.75
54 DATA 54 K104 ,60.796,54.3458,174.25
55 DATA 55 K1055 ,61.632,55.1416,173.73
56 DATA 56  K1056 ,62.024,55.7910,173.30
S57 DATA 57 K1057 ,60.383,53.8678,174.08
58 DATA 58 K10568 ,61.456,55.0068,174.49
59 DATA 39 K1059 ,60.665,54.3464,173.19
60 DATA 60 K1060 ,60.817,54.4334,173.99
61 DATA 61 K1061 ,61.430,54.8986,174.21
62 DATA 62 K1062 ,60.745,54.3828,174.23
63 DATA 63 K1063 ,61.247,54.7344,174.02
64 DATA 64 K1064 ,60.641,54.1554,174.39



